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A B S T R A C T   

Background: To investigate retinal and optic disc (OD) microvascular morphological changes in erythemato- 
telangiectatic rosacea (ETR) patients using optical coherence tomography angiography (OCTA), and compare 
the findings to age- and gender-matched healthy individuals. 
Methods: This study included newly diagnosed 31 ETR patients (31 right eyes, group 1) who were clinically 
diagnosed by two experienced dermatologists. A control group had 32 healthy individuals (32 right eyes, group 
2). Demographic data, including age and gender were collected, followed by a thorough ophthalmologic exam. A 
6 × 6 mm macular OCTA analysis of superficial and deep capillary plexus (SCP and DCP) vessel densities (VDs), 
as well as foveal avascular zone (FAZ) area, FAZ perimeter (PERIM), foveal VDs 300 µm area around FAZ (FD- 
300), and flow areas in the outer retinal and choriocapillaris, was then performed. 
Results: Mean age in groups 1 and 2 was 43.70 ± 13.02 and 43.62 ± 12.30 years, respectively (p=0.979). Male- 
to-female ratio in group 1 was 4:27 and 4:28 in group 2. Capillary flow analysis revealed slightly higher values in 
group 1 than in group 2, with the former having a significantly higher select area in the outer retinal layer 
(p=0.001) and flow area in the choriocapillaris (p=0.002). Despite slightly higher values in group 1, there were 
no significant differences in SCP and DCP VDs (p > 0.05), FAZ area (p=0.471), PERIM (p=0.778), or FD-300 
(p=0.527). 
Conclusions: ETR appears to be associated with posterior segment changes, especially retinal microvascular 
morphology, even in asymptomatic ocular conditions. Given the disease’s high rate of misdiagnosis, under
standing rosacea-induced ocular manifestations is critical for ophthalmologists   

1. Introduction 

Rosacea (L. rosaceus, rosy) is a chronic dermatological disorder 
characterized by vasomotor instability that manifests in various man
ners. It predominantly affects the microvascular system and piloseba
ceous units of the central facial skin convexities. This disorder frequently 
causes remissions and exacerbations of transient or persistent erythema, 
telangiectasias, papules, pustules, phymatous changes, as well as ocular 
involvement [1]. The National Rosacea Society classified the disorder 
into four main subtypes based on its clinical and morphological mani
festations: erythemato-telangiectatic (ETR), papulopustular, phyma
tous, or ocular rosacea (OR) [2–4]. Diagnosis can be complicated due to 

overlap with the cutaneous manifestations of chronic actinic damage in 
fair-skinned individuals [5,6]. 

Despite its enigmatic pathophysiology, rosacea primarily manifests 
as a cutaneous vascular disorder with inflammatory changes [7]. This 
disorder is also related to vasodilatory changes, resulting in increased 
vascular flow as well as erythema and telangiectasias [8]. Mild rosacea 
symptoms like facial flushing and erythema are frequently ignored. They 
can, however, impede the healing of more serious conditions [9]. 
Further, rosacea can cause mild irritation, dryness [10], and blurred 
vision, as well as potentially severe ocular surface disruption, inflam
matory keratitis, corneal ulceration, and eventual perforation [1,11]. In 
20% of cases, ocular symptoms may appear before typical cutaneous 
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involvement or occur simultaneously with cutaneous changes [12]. 
Early detection is critical because untreated rosacea can result in 
deformity and even blindness. This disorder has no specific test; how
ever, its distinctive appearance, cutaneous distribution, discrete course, 
typical target population, and response to various therapies allow for 
accurate diagnosis [13]. The literature on ETR posterior segment find
ings is limited. Given the natural course of the disorder, we posit that 
retinal microvascular morphology may be affected as well. 

Optical coherence tomography angiography (OCTA) is a novel non- 
invasive imaging technique for detailed imaging of the retinal micro
vasculature [14]. Although fundus fluorescein angiography (FFA) is the 
gold standard for visualizing the retinal microvasculature, OCTA has 
several advantages over FFA, including being non-invasive and not 
requiring intravenous dye. Besides, superficial and deep capillary plex
uses (SCP and DCP) can be visualized separately using OCTA. The foveal 
avascular zone (FAZ), capillary non-perfusion areas, and microstruc
tural vessel density (VD) can also be quantified with technique [15,16]. 

Severity of rosacea-induced ocular manifestations is frequently un
related to the severity of rosacea-induced cutaneous manifestations 
[17]. Poor understanding of the clinical relationship between ocular and 
ETR is one of the costs of medicine’s growing specialization [18]. Thus, 
the current study aimed to investigate retinal and optic disc (OD) 
microvascular morphological changes in ETR patients using OCTA, and 
compare the findings to age- and gender-matched healthy individuals. 

2. Materials and methods 

2.1. Study design and participants 

This single-centered cross-sectional study was conducted at X Uni
versity Faculty of Medicine, Ophthalmology Department Retina Unit. 
The X University Clinical Research Ethics Committee approved the 
study, which adhered to the principles of the Helsinki Declaration 
(Ethics committee date and approval code: 2022/233). 

The study included newly diagnosed but naïve 31 ETR patients (31 
right eyes, group 1), as well as 32 (32 right eyes, group 2) age- and 
gender-matched healthy individuals who visited the Ophthalmology 
clinic for routine exam. Rosacea was diagnosed in patients who pre
sented to the Dermatology outpatient clinic with persistent erythema, 
papules, pustules, and telangiectasia without facial comedones. Two 
different experienced dermatologists (SS and İD) diagnosed the disease 
clinically, and those who were consulted to the ophthalmology depart
ment were recruited for the study. 

2.2. Inclusion and exclusion criteria 

The study included ETR patients without prior ocular surgery (except 
uncomplicated cataract surgery >6 months ago) or corneal and/or lens 
opacity that would interfere with posterior segment imaging. Exclusion 
criteria for the study included the following: (a) presence of macular 
edema caused by other ocular pathologies, (b) a history of ocular dis
eases, including uveitis, diabetic retinopathy, age-related macular 
degeneration, glaucoma, (c) high refractive error [>±1.5 Diopter (D)], 
(d) advanced cataract, as well as (e) corneal pathologies, with the 
exception of dry eye, which could result in poor OCTA scan quality 
index. Moreover, group 2 had no systemic diseases such as hypertension, 
diabetes mellitus, thyroid gland disease, or rheumatic disease, as well as 
no obvious ocular pathology other than dry eye and ≤±1.5 D refractive 
error. 

2.3. Ophthalmological assessment 

Both groups 1 and 2 had their demographic data such as age, gender, 
and imaging features recorded, followed by a comprehensive ophthal
mological examination, all before any ETR therapeutic interventions in 
the group 1. This included corrected visual acuity and intraocular 

pressure measurements, as well as a slit-lamp biomicroscopy of the 
anterior and posterior segments before and after artificial mydriasis. 

2.4. Optical coherence tomography angiography acquisition 

One experienced technician performed all OCTA (AngioVue Avanti 
RTVue-XR, OptoVue, Fremont, CA) imaging procedures between 10:00 
and 12:00 AM using the same device and under standard physiological 
conditions. The Optovue RTVue XR AVANTI software and AngioVue 
module were used to automatically quantify all parameters. During the 
procedure, the axial length and refractive errors were corrected, and the 
image polarization was adjusted using the ’Auto Adjust’ mode. An in
tegrated eye tracking system and projection artifact removal system 
(PAR) were used to eliminate and/or minimize image artifacts. Scan 
Quality Indicator (SQ) values <8 were excluded from the study. 

The Angio-retina mode was used for 6 × 6 mm macula analysis. The 
SCP and DCP VDs in whole, foveal, parafoveal, and perifoveal regions 
were quantified by selecting the ’density’ option in macular mode. The 
FAZ area (mm2), FAZ perimeter (mm), and foveal VDs 300 μm around 
FAZ (FD-300) (%) were also quantified and recorded. A maximum cir
cular area captured by the fovea-centered image section was manually 
created in the outer retinal and choriocapillaris layers, followed by an 
automatic quantification of capillary flow areas by the device software 
in flow mode (Fig. 1). The angio disc mode was used for 4.5 × 4.5 mm 
OD VD quantification of whole, as well as peripapillary VDs. The global 
retinal nerve fiber layer thickness (RNFLT) was also quantified and 
recorded. 

2.5. Statistical analysis 

Statistical analysis was performed using a statistical package for the 
social sciences, version 23.0 (SPSS Inc., Chicago, IL, USA). Descriptive 
analysis was used, with mean and standard deviation values for 
continuous variables and frequency (n) and percentage (%) values for 
categorical variables. The Shapiro-Wilks test was used to analyze data 
distribution. The Mann–Whitney test was used to compare abnormally 
distributed continuous variables, whereas the Independent samples t- 
test was used to compare normally distributed continuous variables of 
the independent samples between the two groups. Post-hoc analysis was 
performed using the G power software. The level of significance was set 
at p < 0.05. 

3. Results 

3.1. Demographic features 

Group 1 had 31 ETR patients (31 right eyes), while group 2 had 32 
healthy individuals (32 right eyes). Mean age in groups 1 and 2 was 
43.70 ± 13.02 (range: 20.00–71.00) and 43.62 ± 12.30 (range: 20.00- 
68.00) years, respectively (p=0.979). In groups 1 and 2, the male-to- 
female ratios were 4:27 and 4:28, respectively. All study participants 
had best corrected visual acuity of 20/20. Furthermore, the power of the 
study was determined in the post-hoc analysis to be 0.98 and 0.84 with 
0.05 error in the variables considered statistically significant. 

3.2. Optical coherence tomography angiography analysis 

3.2.1. Macular capillary plexus vessel densities 
In comparison to group 2, group 1 was associated with relatively 

higher SCP and DCP VDs in all regions except foveal region; however, 
the difference was not statistically significant (p > 0.05) (Table 1). 

3.2.2. Foveal avascular zone parameters 
Despite having slightly higher values in group 1, there were no sta

tistically significant differences between the two groups in any of the 
FAZ parameters, including FAZ area (p=0.471), PERIM (p=0.778), and 
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FD-300 (p=0.527) (Table 2). 

3.2.3. Capillary flow analysis 
Both the outer retinal and choriocapillaris flow analyses revealed 

slightly higher values in group 1 than in group 2. Furthermore, in group 
1, select area in the outer retinal layer (p=0.001) and flow area in the 
choriocapillaris layer (p=0.002) were statistically significantly higher 
than in group 2 (Table 3). 

3.2.4. Optic disc vessel density and retinal nerve fiber layer 
The differences in whole and peripapillary OD VDs, as well as global 

RNFL, between the two groups were not statistically significant (p >
0.05), (Table 4). 

4. Discussion 

Rosacea is currently thought to be a syndrome or typology with a 
wide range of cutaneous manifestations, typically manifesting in middle 
age and affecting 2–10% of the population. Despite being recognized as 
a common cutaneous disorder, rosacea has long been misunderstood and 
misdiagnosed. It is presently considered as a unique medical condition 
that necessitates prompt evaluation and therapeutic interventions [19]. 
ETR is the most common rosacea subtype, defined by flushing and 
persistent central facial erythema with periocular skin sparing. Rosacea 
flushing differs from physiological flushing in that it lasts >10 minutes. 
Subcutaneous microvasculature may swell and become visible as the 
symptoms appear and fade [17]. 

ETR, in particular, has a strong female preponderance and is 
frequently identified beyond the age of 30, which is also consistent with 
the current study. Rosacea-related ocular involvement ranges from less 

Fig. 1. En-face optical coherence tomography angio
grams (6.0 × 6.0 mm scan size and 20.749 mm2 flow 
area with scan quality index=9/10) displaying signifi
cantly increased vascular flow in the outer retina 
(p=0.001) (A/A*) and choriocapillaris (p=0.002) (B/ 
B*) segments of the right eyes of erythemato- 
telangiectatic rosacea patient (letters without asterisks) 
when compared to healthy individual (letters with as
terisks). The corresponding OCT cross-sections through 
the central fovea of both the patient and the healthy 
individual are shown beneath each figure part.   
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than 10% to more than 50% [20]. The ocular manifestations have been 
shown to occur up to 20% of the time prior to any dermatologic mani
festations. There is no correlation between the severity of rosacea pap
ules, pustules, flushing, and nodular facial signs and the severity of 
ocular manifestations [21,22]. A significant correlation has been 

reported between the severity of facial telangiectasia and OR findings. 
But, due to the small sample size, researchers were unsure about the 
relationship [21]. Moreover, ocular manifestations have long been 
known to be bilateral and involve the eyelids, conjunctiva, and corneal 
tissues [8,21,23]. Rosacea has also been associated to vitritis in a few 
instances [24]. 

Rosacea, especially ETR, is often misdiagnosed, undertreated, and 
underreported. As there are no undisputed histopathological or labora
tory defining features of the disorder, the diagnosis is typically predi
cated on gathering of clinical signs. The reason for rosacea under- 
diagnosis could be a lack of definitive diagnostic criteria among oph
thalmologists [24]. Because dermatologists and ophthalmologists do not 
see the same patients, their assessments differ greatly, even though they 
both treat patients using monocular visual acuity. There have been no 
comprehensive epidemiological studies. Since the ocular manifestations 
are so ambiguous, the disorder is frequently misdiagnosed. When both 
ophthalmologists and dermatologists evaluate the same patient for both 
ocular and cutaneous involvement, the likelihood of ETR diagnosis is 
increased, allowing for early intervention to protect eyes, particularly 
those with posterior segment involvement. This condition appears to be 
very obvious, as evidenced by the current study’s discovery of micro
vascular morphological changes in the posterior segment, particularly at 
the macular and choroid layer levels. This suggests that in ETR patients 
with otherwise asymptomatic healthy eyes, early changes in the 
microvascular system may be detectable. 

Patients with ocular rosacea may have minimal facial symptoms but 
extensive ocular manifestations, particularly those involving the ante
rior segment [12]. However, when it comes to microvascular morpho
logical changes in the ocular posterior segment, the inverse may be true 
for ETR with classic cutaneous problems [25]. Aside from environ
mental triggers and genetic predisposition, the main abnormalities 
associated with rosacea are thought to be neurovascular dysregulation 
and abnormal innate immune response, which can lead to cutaneous 
inflammatory changes [26], as evidenced by the presence of 
interleukin-1a and b, gelatinase B, and collagenase-2 in tear fluids 
[27–30]. Tumor necrosis factor-alpha levels in the serum have been 
found to increase in these patients, as well as conjunctival epithelial cell 
overexpression of intercellular adhesion molecule 1 and HLA-DR [31, 
32]. Further, rosacea patients are hypersensitive to common environ
mental stimuli, including sunlight, extreme climatic conditions, spicy 
foods, hot drinks, psychological pain, and so on [33,34]. These factors 
are involved in the induction of the inflammatory and immune systems, 

Table 1 
Comparative analysis of macular capillary plexus vessel densities.  

Parameters Participants Mean 
±SD 

Median Min- 
Max 

p value 

SCP 
VD 
(%) 

Whole Group 1 52.02 
± 3.05 

52.10 42.90- 
57.00 

0.794*   

Group 2 51.81 
± 3.29 

52.75 41.30- 
58.50   

Foveal Group 1 20.00 
± 7.75 

20.80 2.60- 
36.30 

0.296**   

Group 2 22.99 
± 9.25 

24.20 8.60- 
53.90   

Parafoveal Group 1 54.23 
± 4.18 

55.20 45.20- 
61.00 

0.944**   

Group 2 53.84 
± 5.08 

55.40 32.40- 
59.50   

Perifoveal Group 1 53.07 
± 3.70 

53.60 44.00- 
64.80 

0.253*   

Group 2 52.08 
± 3.11 

52.45 43.20- 
59.00  

DCP 
VD 
(%) 

Whole Group 1 55.45 
± 6.21 

56.80 40.60- 
65.40 

0.606**   

Group 2 54.47 
± 6.55 

56.15 37.60- 
62.50   

Foveal Group 1 37.96 
± 8.70 

39.70 21.10- 
52.20 

0.830*   

Group 2 38.40 
± 7.42 

39.10 21.30- 
53.00   

Parafoveal Group 1 58.37 
± 4.18 

59.60 47.10- 
63.30 

0.293**   

Group 2 56.94 
± 5.73 

59.25 34.80- 
63.70   

Perifoveal Group 1 56.95 
± 6.91 

59.20 39.90- 
67.60 

0.514**   

Group 2 55.89 
± 6.87 

57.20 38.50- 
64.00  

Group 1: Erythemato-telangiectatic rosacea patients, Group 2: Healthy in
dividuals, SCP: Superficial capillary plexus, DCP: Deep capillary plexus, VD: 
Vessel density, SD: Standard deviation, %: Percentage, 

* Independent t test, 
** Mann Whitney U test. 

Table 2 
Analysis of FAZ parameters.  

FAZ 
parameters 

Participants Mean±SD Median Min-Max p value 

FAZ area 
(mm2) 

Group 1 0.29 ±
0.12 

0.29 0.11-0.55 0.471* 

Group 2 0.27 ±
0.10 

0.26 0.09-0.43 

PERIM (mm) Group 1 20.48 ±
4.19 

21.14 13.49- 
28.82 

0.778** 

Group 2 19.85 ±
4.03 

19.94 11.57- 
25.01 

FD-300 (%) Group 1 55.88 ±
4.71 

55.97 45.68- 
66.31 

0.527** 

Group 2 54.48 ±
5.66 

55.28 32.39- 
61.50 

Group 1: Erythemato-telangiectatic rosacea patients, Group 2: Healthy in
dividuals, FAZ: Foveal avascular zone, PERIM: FAZ perimeter, FD-300: Foveal 
vessel density 300 µm around FAZ, mm2: Millimeter square, mm: Millimeter, %: 
Percentage, SD: Standard deviation, 

* Independent t test, 
** Mann Whitney U test. 

Table 3 
Capillary flow analysis.   

Participants Mean±SD Median Min-Max p value 

Outer retinal layer 
Select area 

(mm2) 
Group 1 28.28 ±

0.06 
28.29 28.19- 

28.36 
0.001** 

Group 2 28.12 ±
0.20 

28.21 27.77- 
28.36 

Flow area 
(mm2) 

Group 1 9.53 ±
0.22 

9.51 6.51- 
16.39 

0.098* 

Group 2 8.58 ±
2.18 

8.06 5.19- 
13.45 

Choriocapillaris layer 
Select area 

(mm2) 
Group 1 28.26 ±

0.06 
28.23 28.19- 

28.36 
0.545** 

Group 2 28.15 ±
0.21 

28.26 27.77- 
28.36 

Flow area 
(mm2) 

Group 1 20.05 ±
1.11 

20.21 17.25- 
21.48 

0.002** 

Group 2 19.22 ±
1.01 

19.57 16.51- 
20.66 

Group 1: Erythemato-telangiectatic rosacea patients, Group 2: Healthy in
dividuals, mm2: Millimeter square, SD: Standard deviation, 

* Independent t test, 
** Mann Whitney U test. 
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as well as the upregulation of Toll-like receptor 2 in keratinocytes [32]. 
The latter increases the activity of the enzyme serine protease KLK5, 
which is involved in cathelicidin synthesis. Cathelicidin also increases 
vascular endothelial growth factors levels in epidermal keratinocytes, 
causing vascular endothelial changes and, eventually, angiogenesis 
[35]. Furthermore, as revealed by the skin outcomes of rosacea patients, 
an IL-18 stands out as another hypothesis that could be associated to 
retinal damage in rosacea. In essence, the levels of IL-18 and vascular 
endothelial growth factors are inversely related. Given that intraocular 
VEGF levels rise in cases of retinal ischemia, resulting in neo
vascularization and cystoid macular edema, the potential link between 
rosacea and retinal involvement is worth investigating [36]. 

To our knowledge, the majority of the literature has reported 
rosacea-induced ocular manifestations, particularly those involving the 
anterior segment [8,23]. However, the natural course of other rosacea 
subtypes, in this case, ETR, prompted us to wonder if there could be any 
associated ocular microvascular morphological changes, particularly in 
the retina and OD. Based on the current study findings it seems primarily 
that this disorder appears to be more associated with retinal microvas
cular morphological changes rather than OD VDs and RNFLT changes. 
This was supported by the discovery that ETR patients had higher SCP 
and DCP VDs, as well as FAZ parameters such as FAZ area, PERIM, and 
FD-300, when compared to healthy individuals, though the difference 
was not statistically significant. More importantly, both the outer retinal 
and choriocapillaris flow analyses revealed slightly higher values in ETR 
patients compared to healthy individuals, with the former having sta
tistically significantly higher select area in the outer retinal layer and 
flow area in the choriocapillaris layer. The pathophysiology described 
above may help to explain how these microvascular changes occur 
naturally, even before manifested ocular involvement. 

With recent technological advancements in retinal microvascular 
imaging, OCTA has risen to prominence in ophthalmology clinics. Its 
advantages, such as the ability to perform repetitive measurements, 
have propelled it to prominence in the evaluation of retinal microvas
cular diseases [37]. This technique generates images by optically 
tracking the movement of erythrocytes in the microvascular structure 
[38]. Few, if any, studies have investigated posterior segment changes in 
relation to rosacea, particularly using OCT. In this context, a comparison 
of choroidal thickness in ETR and papulopustular rosacea revealed no 
significant differences in choroidal thickness relative to healthy controls 
[39]. Thus, we fervently believe that the current study is the first of its 
kind to use OCTA technology to determine whether there are any 
associated retinal and OD microvascular morphological changes in ETR 
patients. The presence of high blood flow in the outer retina and cho
riocapillaris suggests that the disease may affect the retinal microvas
culature. OCTA appears to be an effective tool for determining the 
microvascular status of the retina and OD in rosacea, particularly ETR 
without ocular involvement. Furthermore, VD data may indicate that 
microvascular morphological changes can occur prior to clinical onset of 
posterior segment inflammation. 

Given the possibility of symptoms deteriorating over time, the 
chronic condition of rosacea necessitates long-term care. Due to varia
tion in presentations, subtypes, exacerbations, and remissions of this 
disorder, existing treatments and durations should also be personalized 
rather than being applied as absolute therapeutic regimens [40]. Addi
tionally, patients must be thoroughly instructed on the clinical mani
festations of the disorder and the importance of regular monitoring [8]. 
Controlling symptomatic outbreaks, as well as ocular and facial mani
festations of the disease, necessitates visits to both an ophthalmologist 
and a dermatologist on a regular basis [2]. 

The current study has several limitations, including its cross- 
sectional design, a small number of study participants, and the fact 
that all ETR patients were investigated regardless of whether they were 
in the active or remission phase of the disease. Also, medical history of 
the patients was not taken into account. Further large-scale prospective 
studies involving patients with different rosacea subtypes at various 
disease phases and with consideration for which therapeutic interven
tion they are receiving could yield clinically useful results. Nonetheless, 
as the one of its kind, we strongly believe that the current study, in 
which for the first time the OCTA technique was used to investigate 
retinal and OD microvascular morphological changes, may serve as a 
beacon for future research, particularly in unraveling the mystery of 
posterior segment involvement in otherwise ETR patients without clin
ically visible ocular manifestations. 

5. Conclusions 

Conclusively, ETR could be associated with ocular posterior segment 
changes, especially retinal microvascular morphology, even in asymp
tomatic ocular conditions. Given the disease’s high rate of misdiagnosis, 
understanding rosacea-induced ocular manifestations is critical for 
ophthalmologists, regardless of how difficult it may be to accurately 
diagnose and treat. Comprehensive ophthalmologic and dermatologic 
evaluations may be beneficial for earlier detection of both ocular and 
dermatologic manifestations and, eventually, prompt therapy may be 
valuable in avoiding further complications. 
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Table 4 
Optic disc vessel density and retinal nerve fiber layer analysis.    

Participants Mean±SD Median Min-Max p value 
Optic disc vessel density (%) 
Whole Group 1 49.93 ± 2.59 49.90 43.80-54.90 0.919*   

Group 2 49.87 ± 2.59 50.00 42.00-56.90   
Peripapillary Deep Group 1 53.06 ± 6.26 52.60 38.00-72.30 0.564**   

Group 2 52.17 ± 2.79 52.10 44.80-57.60   
Superficial Group 1 52.00 ± 4.19 53.10 39.70-57.00 0.149**   

Group 2 51.49 ± 3.17 51.95 40.20-58.60  
Retinal nerve fiber layer thickness (µm) 
Global Group 1 112.87 ± 14.32 114.00 59.00-138.00 0.441**   

Group 2 115.97 ± 11.06 115.00 89.00-135.00   

Group 1: Erythemato-telangiectatic rosacea patients, Group 2: Healthy individuals, SD: Standard deviation, %: Percentage; µm: Micrometer, 
* Independent t test, 
** Mann Whitney U test. 
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Methodology, Formal analysis, Investigation, Writing – review & edit
ing, Visualization, Project administration. Hamidu Hamisi Gobeka: 
Writing – review & editing, Writing – original draft, Resources, Meth
odology, Formal analysis, Conceptualization. 

Declaration of Competing Interests 

The authors declare they have no conflict of interest. 

Acknowledgments 

None. 

References 
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