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Abstract
Aim: The aim of this study was to investigate the prevalence of Environmental proteinaceous corneal degeneration (EPCD), pinguecula and 
pterygium and any association among them, and to perform lipidomic studies in some samples of EPCD and pterygium.

Materials and methods: It was a transversal/observational and analytical study; the sample was consecutive non-probabilistic. All patients examined 
resided all their lives in the department El Cuy (Río Negro). Corneal epithelium and conjunctiva tissue samples were taken to perform mass 
spectrometric lipidomic studies.

Results: One hundred and fifty-nine patients were studied (52.83% male and 47.17% female). The prevalence of ophthalmoheliosis was: pinguecula 
32.1%, EPCD 28.9%, and pterygium 13.2%. A statistically significant association was found between EPCD and male patients (21.4% vs 7.5%) 
(p <0.05). There was association between EPCD with pinguecula and with pterygium, both more frequent in males (p <0.05). Lipidomic studies 
in EPCD showed a decrease in the concentration of phospholipids in affected areas (15 times less). In pterygium, there was an increase in the 
concentration of phospholipids (6.67 times more). 

Conclusion: Our investigation shows important prevalence of EPCD, pinguecula and pterygium in individuals that live at El Cuy (Argentine 
Patagonia). As far as we know, this is the first work in the world that shows coexistences between these three ophthalmoheliosis. The decrease 
concentration of phospholipids in EPCD affected areas could be due to lipid peroxidation, as a consequence of oxidative stress. On the other hand, 
higher levels of PC and PS in pterygium samples could be explained by the increase in proliferation and angiogenesis. 

Introduction
The term helioses derives from the Greek root “hēlíōsis” which 

means excessive exposure to sunlight, a mixture of radiation with 
wavelengths ranging from 200nm to 4000nm, which comprises 
ultraviolet radiation (UVR), visible light and infrared light [1]. UVR 
has been found to reach diverse ocular components and is strongly 
absorbed by the anterior structures of the eye [2]. The cornea absorbs 
UVR differentially, based on the incident wavelength. More than 90% 
of UVR-C and UVR-B are absorbed by this ocular structure, as well 
as 60% of UVR-A, [3] while the rest of the UVR-A is absorbed by the 
crystalline, with less than 1% reaching the retina [4]. Absorbed UVR 
is an important source of stress for the ocular surface through direct 
photo-oxidation (or type I). Also, indirect photo-oxidation (type II) 
can occur and produce reactive oxygen species (ROS), which damage 
protein, lipids and cellular DNA [5-8].

There are different eye diseases associated with harmful exposure to 
UV light without adequate eye protection, known as ophthalmoheliosis. 
Among them, we can mention three degenerative diseases of the 
ocular surface: climatic droplet keratopathy (CDK), pinguecula and 
pterygium. These diseases with still elusive etiology but with possibly 
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multifactorial origin are frequently found in rural environments with 
high insolation.

CDK is a rare acquired, bilateral degenerative disease of the 
cornea, which is highly prevalent in certain rural communities 
exposed to harsh weather conditions, that evolves through three 
different degrees of severity, leading to severe visual compromise 
as the result of corneal opacification [9]. As CDK is not specifically 
associated to weather, but to certain environmental conditions, we 
recently proposed to name it “Environmental Proteinaceous Corneal 
Degeneration” (EPCD) [10].
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Current revisions on advances of molecular mechanisms involved 
in EPCD and pterygium have been published by Serra [11] and by 
Cardenas-Cantu [12].

Pinguecula is a yellowish globular or flat benign conjunctival 
growth, near the corneal limbus in the interpalpebral fissure, produced 
by the alteration of the underlying connective tissue [13-14]. Although 
there is some evidence of its development upon exposure to sunlight, 
[15] its pathogenesis is ignored. In some patients it seems to be a 
precursor of a pterygium [16].

Even though the prevalence of one or more of these distinct 
ophthalmoheliosis have been studied in different parts of the world, as 
far as we know the co-existence of these degenerative diseases of the 
ocular surface has not yet been studied.

The purpose of our study was to investigate the prevalence of EPCD, 
pinguecula and pterygium and possible associations among them, if 
any, in individuals of this region of Argentina. As well, we performed 
lipidomic studies in surgical samples of some patients with EPCD and 
pterygium in order to explore the possible role of certain lipids in the 
etiopathogenesis of these diseases.

Materials and methods
Study design and participants

The chosen sample for the study was non-probabilistic consecutive, 
transversal/observational and analytical study. We analyzed the clinical 
records of patients who only had pinguecula or only pterygium of up 
to 10 years previous to our collection. Patients were examined by their 
ophthalmology specialist (at ages ≥29 years), who lived all their lives in 
El Cuy department, Province of Río Negro, Argentina (n= 159), who 
agreed to participate in the study after signing an informed consent. 

The protocol for this study was approved by the Institutional 
Committee of Ethics and Investigation in Health of the University 
Clinic Reina Fabiola, and the Council for Ethical Research Evaluation of 
the government of the Province of Cordoba, Argentina, and registered 
in the Provincial Registry for Investigation in Health, Province of 
Cordoba. All studies adhered to Helsinki declaration. 

Geographical, climatic and demographic characteristics of 
the region 

As depicted in figure 1, El Cuy department is found in the 
Province of Rio Negro, 750 meters above sea level between at 38º 
56’ – 40º 25’ of south latitude and 67º 54’ – 69º 04’ west longitude. 
It is 280 km from the border with Chile and 300 km away from the 
Atlantic Ocean. This region of 11,281 km2 has a semi-arid weather 
(Bwk, Köppen classification ) (http://koeppen-geiger.vu-wien.
ac.at/shifts.htm) low shrubbery, annual rainfall lower than 190mm, 
constant strong winds, warm summers and cold winters, and great 
thermal amplitude between day and night. The annual range of 
temperature is between 4.6ºC and 18.2°C. According to the last 
census, the population density is 0.2/km2.

Determination of density of the ozone layer

Media Concentration of the ozone (O3) column was obtained 
using O3 values from the website of NASA, USA: Total Ozone 
Mapping Spectrometer (TOMS-NASA), as previously shown [17]. 
Four samplings were obtained on the following dates: March 21, June 
21, September 21 and December 21 to determine the yearly average. 
The density of the ozone layer was measured in Dobson units (Du) and 
the values vary depending on the altitude and latitude, considering 

normal values the range between 230Du-300 Du. A hole in the ozone 
layer is considered when the density of the layer in a specific region 
is under 200Du.

Ophthalmologic examination

All subjects underwent an ophthalmologic exam that included 
visual acuity testing with Snellen chart, or Landolt/E rings for illiterate 
individuals. Additionally, a detailed slit-lamp examination of the 
anterior segment (conjunctiva, cornea, anterior camera and iris). 

Lifestyle

Questions related to diet, work activity and the use of eye protection 
(sunglasses, hats) during lifetime were asked to all patients.

Corneal and conjunctival specimens

In patients with advanced degrees of EPCD (n=3) who were 
undergoing cataract surgery, cornea samples were obtained. Previous 
to the cataract surgery, and under local anesthetic, a scarification with 
a crescent blade of 1 mm2 was performed in the affected areas by EPCD 
(interpalpebral area of the cornea) and as control samples in areas not 
affected by this pathology (corneal epithelium covered by the eyelids), 
scarifying up to the basal membrane of the cornea.

Conjunctival tissue from individuals affected by pterygia(n=3) 
were collected during the corresponding surgery, as a surgical incision 
was needed. As control samples, areas not affected by the pathology 
were obtained. All samples were conserved at -80°C in vials until use.

Lipid identification by mass spectrometry

Corneal epithelial cells of the conjunctival tissue were subject to 
lipid extraction using Bligh and Dyer slightly modified method [18]. 
The concentration of protein contained in the corresponding aqueous 
phase (from lipid extraction) was determined using Bradford method 
(Bio-Rad, Hercules, CA) with purified BSA as standard. All extractions 
and subsequent manipulation of samples was done using glass vials. 
Samples were kept at -80°C until use.

Lipids identification and quantification were done as previously 
described [19]. Briefly, lipid samples were re-suspended in acetonitrile 
-isopropanol (1:1) LC-MS grade and later subjected to direct infusion 
using TriversaNanomate (Advion Inc., Ithaca, NY) into a triple 
quadrupole mass spectrometer (TSQ Quantum Access Max; Thermo 
Fisher Scientific, Pittsburgh, PA) operated using Xcalibur 2.3 software. 
The mass spectrometer was operated in positive ion mode and parent 
ion scan (PIS) for phosphatidylcholine (PC) species, setting a collision 
energy of 35V for a product ion of m/z 184. For phosphatidylserine 
(PS) species, it was operated in negative ion mode and neutral loss 
scan (NLS), for a neutral loss mass of m/z 87.100 with a 24V collision 
energy. The addition of 0.1% of formic acid is used for the analysis 
of lipids in ion positive mode to favor ionization. Specific class lipids 
were quantified using specific lipid standards: 1,2-ditridecanoil-sn-
glicero-3-fosfocholine and 1,2-dioleoil-sn-glicero-3-fosfo-L-serine. 
The standards were purchased from Avanti Polar Lipids, Albaster, AL, 
USA.

The identification and quantification were done using MZmine 
2.9 program. Lipid concentrations were normalized to the determined 
amount of protein in the corresponding aqueous phase as previously 
described. Representative spectrum of each sample was carefully and 
manually inspected and selected by two independent observers from 
the 5 collected spectrums, with and without internal standard (10 
spectrums in total) and used for posterior analysis.
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Statistical analysis

Statistical studies of value comparison were made using Student χ2 
Pearson and ANOVA tests. The level of statistical significance was set 
at p≤0.05.

Results
All participants in the study had always lived in the same area 

previously described (Figure 1). Of 159 individuals, 52.83% (84) 
were male and 47.17% (75) were female. There was no sex significant 
difference.

No significant differences in the annual average of the following 
measures (data not shown) when the analysis of total concentration of 
O3 Du in the studied region for the ten years of pinguecula study of 
prospective patients were found.

Table 1 presents the prevalence of EPCD, pinguecula and 
pterygium in percentages and absolute values, gender distribution 
and mean age ± DE with their corresponding ranges of the individuals 
under study. The highest prevalence corresponded to pinguecula 
(32.1%), followed by EPCD (28.9%) and pterygium (13.2%). Table 1 
also shows the distribution of the distinct pathologies according to 
sex and age. 

A significant statistical association was found between EPCD 
and patients’ sex (p≤0.05), being it more frequent in male (21.4%) 
than in female patients (7.5%). However, no statistical differences were 
found between pinguecula and pterygium when men and women were 
compared, as well as between the ages of men and women for any of the 
three diseases.

The degrees of EPCD severity were determined for the 46 affected 
patients, being grade 1 the most frequent with 35 individuals (76.09%), 
followed by 9 patients with grade 2 (19.57%) and two individuals with 
grade 3 (4.35%). The EPCD gradeswere significantly different between 
men and women (p≤0.05). We did not find differences between the 
ages and the distinct degrees of EPCD, although there was a tendency 
toward older ages in grades 2 and 3 (Table 2).

As can be observed in Table 3, the mean ages were significantly 
different between patients with versus without EPCD (60.2 ± 10.8 vs. 
50.9 ± 15.8). There was neither significant difference in the mean age 
of patients with and without pinguecula (54.3 ± 11.4 vs. 53.3 ± 15.6), 
nor in individuals affected or not with pterygium (55.4 ± 7.9 vs. 53.3 
± 15.4).

Of the 46 individuals with EPCD, twenty-five (54.35%) presented 
only this ophthalmoheliosis. Thirty-one of the 51 patients with 
pinguecula (62%) only had this disease, and of the 21 individuals with 

EPCD
% Age (mean ± SD) (n) (Range) 

Pinguecula
%Age (mean ± SD) (n) 

(Range)

Pterygium
% Age (mean ± SD) (n) (Range)

Male 21.4%* (34) 60.3± 10.5
(39-83)

29.5%
(31)

54.2± 12.3
(29-78)

7.5%
(12)

54.2± 7.5
(38-67)

Female 7.5% (12) 59.9± 12.1
(42-79)

12.6%
(20)

54.5± 10.3
(40-77)

5.7%
(9)

57.0± 8.7
(44-71)

Total 28.9% (46) 60.2± 10.8
(39-83)

32.1%
(51)

54.3± 11.4
(29-78)

13.2%
(21)

55.4± 7.9
(38-71)

Table 1. Prevalence of distinct pathologies and age and gender distribution

*p≤0.05

Figure 1. A) Map of the Argentine Republic indicating in red color the Department of El Cuy and in black the Patagonian area with a semi-arid-cold climate (Bwk, Köppen classification), 
B) Map of the province of Río Negro in light yellow color with the Department of El Cuy in red, C) Panoramic view of a small town of the Department of El Cuy, D) Main work activity 
of the inhabitants of the Department of El Cuy
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pterygium, only 10 (47.62%) had this degeneration of the ocular surface 
(Table 4).

As can be observed in Table 5, significant differences in the 
association of EPCD with pinguecula and EPCD with pterygium were 
found within the group of males (p≤0,05). In the case of a significant 
statistical association, pinguecula was more associated than pterygia. 
Additionally, there were four patients who simultaneously had 
pinguecula and pterygia. 

The clinical records of the 15 patients that only presented 
pinguecula, and 8 patients with pterygium at the time of the study, were 
analyzed as well. They had all had these pathologies at least in the last 
10 years. 

As regards lifestyle of the habitants of the studied region, the main 
occupation of the population was breeding and sheep shearing, and 
in some cases, wool processing and manufacturing. The main dietary 
habits of these individuals included the ingestion of ovine meat two or 
three times a day and small amounts of milk sporadically. Vegetables 
and fruit were exceptional in their diet. Patients also manifested that 
they drank mate infusion. As for eye protection, most did not wear hats 
or spectacles. Forty-six patients with EPCD manifested having worked 
outside breeding sheep during the greater part of their live, they had not 
used ocular protection (hats or glasses) and had had a very restrictive 
diet throughout their lives.

A lipid profile was obtained for each of the two classes 
of glycerophospholipids: phosphatidylcholine (PC) and 
phosphatidylserine (PS) in corneal epithelium in three patients 
with EPCD in the affected and unaffected areas (control), and in 
conjunctival tissues of three patients with pterygium (pterygium and 
control conjunctiva). 

For EPCD we observed a 15-fold decrease of the concentration 
of total phospholipids in affected areas compared to those without 
alterations. The same tendency was observed when quantifying PC (4.3 
times less in affected areas) and PS (25.3) separately (Figures 2A, 2B 
and 2C).

An increase in the amount of total phospholipid concentration was 
detected in pterygia with respect to normal conjunctiva (16.73 and 3.04 
times more in pterygium than in normal connective tissue, respectively) 

(Figures 2D, 2E and 2F). The total amount of phospholipids was 
normalized with respect to the concentration of protein in the aqueous 
phase of the extraction.

Discussion
In this work we studied the prevalence of EPCD, pinguecula, 

and pterygium, in a particular region of the Argentine Patagonian. 
We found a high prevalence of EPCD (28.9%), coincidentally with 
previous observations [11]. Chronic inflammation and microtrauma of 
the ocular surface by soil dust carried by constant windscould be risk 
factors for EPCD. Additionally, EPCD patients are exposed throughout 
life to UVR-B as they work outside in that arid and shadeless region, 
not wearing eye protection (sunglasses or hats). UVR-B is primarily 
absorbed by means of electronic transitions of the peptides connection 
(190-220nm) and by the aromatic motives of tryptophan, tyrosine and 
phenylalanine (250-300nm) residue, which take the partial folding 
and aggregation of proteins among which there are enzymes such 
as aldehyde dehydrogenase (ALDH) and glutathione peroxidase, 

EPCD
%
(n)

Grade 1
43.24%

(35)

Grade 2
10.85%

(9)

Grade 3
2.38%

(2)
Male: % (n) 28.57 % (24) * 9.52% (8) * 2.38% (2) *

Female: % (n) 14.67% (11) 1.33% (1) 0% (0)
Age: (mean ± SD) 58.3 ± 11.25 66.2 ± 6.9 68.0 ± 4.3

Table 2. EPCD degrees and distribution by gender and age

*p≤0.05

Age

EPCD
Age (median± SD)

Range

Pinguecula
Age (median ± SD)

Range

Pterygium
Age (median ± SD)

Range
With without with without with without

Male 60.3± 10.5 
(39-83)

49.3± 15.7 
(21-88)

54.2± 12.3 
(29-78)

57.0± 14.1 
(20-83)

54.2± 7.5 
(38-67)

56.3± 14.2 
(20-83)

Female 59.9± 12.1 
(42-79)

53.0± 14.5 
(20-82)

54.5± 10.3 
(40-77)

49.7± 16.9 
(21-88)

57.0± 8.7 
(44-71)

50.1± 16.1 
(21-88)

Total 60.2± 10.8*
(39-83)

50.9± 15.2 
(20-88)

54.3± 11.4 
(29-78)

53.3± 15.6 
(20-88)

55.4± 7.9 
(38-71)

53.3± 7.9
(20-88)

Table 3. Median ages of patients with and without EPCD with and without pinguecula and 
with or without pterygium

*p≤0.05
Only one disease Only EPCD

% (n)
Only Pinguecula

% (n)
Only Pterygium

% (n)
Male 36.96% (17) 36% (18) 23.81% (5)

Female 17.39% (8) 26% (13) 23.81% (5)
Total 54.35% (25) 62% (31) 47.62% (10)

Table 4. Individuals who presented only one ophthalmoheliosis

 

EPCD
+

Pterygium
% (n)

EPCD
+

Pinguecula
% (n)

EPCD
+

Pinguecula +Pterygium
% (n)

Male 13.0% (6) * 23.9% (11) * 2.2% (1)
Female 0% (0) 6.5% (3) 0% (0)
Total 13.0% (6) * 30.4% (14) * 2.2% (1)

Table 5. Association between EPCD and other ophthalmoheliosis by gender

*p≤0.05

Figure 2. Concentration of phospholipids in cornea and conjunctiva of patients with EPCD 
and with pterygium. (A) Total phospholipids in corneal epithelium from control areas (or 
unaffected) and in affected areas with EPCD. (B) Concentration of PC in control zones 
versus affected areas with EPCD and (C) Concentration of PS in control area versus affected 
areas with EPCD. (D) Total phospholipids in conjunctiva control versus conjunctiva 
affected by pterygium. (E) Concentration of PC in control zones versus pterygium and (F) 
Concentration of PS in the control area versus area with pterygium. All concentrations are 
expressed in pmol (of the corresponding phospholipid/μg of proteins)
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which play an important role to control oxidative stress [20]. As 
EPCD patients have a partial deficiency of ascorbate (AA) [17] (an 
important antioxidant in the cornea) there is less absorption of 
UVR-B by the AA and greater generation of ROS. These free radicals 
start a chain reaction that results in the oxidation of poly-unsaturated 
lipid of the cell membranes (lipid peroxidation) with its quantitative 
and qualitative lipid alterationsand generation of toxic and reactive 
aldehydes [21]. These molecules, in contrast to ROS, have a long 
life and induce more protein aggregates, which characterize the 
progressive corneal opacification in patients with EPCD [22].

An excessive exposure to UVR-B also seems to foster the 
development of pinguecula, characterized by the epithelial and 
squamous metaplasia that produces instability of the lachrymal film 
[23-24]. Pinguecula was the most frequently found ophthalmoheliosis 
in our study (32.1%). Most population studies in different parts of the 
world show a prevalence of pinguecula ranging from 40% to 70% of 
the adult population [13,25-28], with some exceptions like a population 
study in the South of India by Asokan that found a prevalence of only 
11.3% [29], and as high as 90% in the city of Aqaba in Jordan [30] 
Pinguecula has been considered by some as the precursor or trigger of 
pterygium [16]. However, in our study none evolved into pterygium in 
the 10-year follow-up.

Prevalence rates of pterygia in population studies at world level 
show variation that range from 7% to 15%, depending on the latitude 
and altitude of the region where they are studied [31-39]. Permanent 
exposure to sunlight (UVR-B) close to the Equator is considered as the 
principal causal factor of pterygium, as indicated by the facts of a very 
low prevalence (0.7% ) in Denmark and 60% prevalence in Shahroud, 
Iran [13, 28] However, low preponderances have been reported in 
Beijing (3% ) [40-41], intermediate values (around 12% ) in Hawaii [42], 
and the south of India [29]. Although pterygium has been reported as 
scant in the north and south of parallels 40, there is a description of 5.9% 
pterygium prevalence in a community at 42 degrees latitude N of Spain 
[27]. The prevalence of this disease around the world has been recently 
reviewed by Rezvan. Our work shows a pterygium prevalence of 13.2% 
in a population located at the north west of Argentine Patagonia steppe 
(38 degrees south latitude) [43].

All these findings indicated that, although exposure to UVR-B 
could be a causal principal factor, it is far from being the only one. There 
are works that document the existence of pterygium related to certain 
ethnic groups (genetic predisposition) [32,44-45], viral infections 
[46], and to defects in genes associated with DNA repair [47]. DNA is 
one of the greatest targets of UVR-B induced oxidative stress, and the 
modified DNA can result in genetic mutations [48]. There is consensus 
that UVR-B causes limbal focal defects, which are the main pathogenic 
factors in pterygium.

Our findings of higher PC and PS in our samples of pterygium 
could be explained by the increase in proliferation, angiogenesis and 
epithelial mesenchymal transition, which is observed in this pathology. 
Besides, Fox et al have demonstrated that in pterygium there is an 
increase of autacoid12-HETE, a powerful pro-inflammatory and 
pro-angiogenic mediator [49]. Our investigation shows the existence 
of EPCD, pinguecula and pterygium south of parallel 30, outside the 
“pterygium belt” described by Cameron [50]. We found a greater 
number and degree of EPCD severity in older men, but no difference in 
the prevalence of pinguecula and pterygium between men and women 
or between ages. As far as we know, it is worth to emphasize that this 

is the first study of its kind at world level showing the coexistence of 
these three degenerative diseases of the ocular surface in a population 
inhabiting the Argentine Patagonia steppe.

Besides the individuals who only suffer from EPCD, or pinguecula, 
or pterygium, we identified patients with EPCD and pinguecula, 
others with EPCD and pterygium, a small number of individuals with 
pinguecula and pterygium and individuals with the three pathologies. 

Even though there is a small cohort of pinguecula patients, the 
follow up of these patients for ten years showed that it is unlikely 
that pinguecula could be the beginning of pterygium. These diseases 
of the ocular surface can cause ocular discomfort, irritation, visual 
disturbance, and have cosmetic effects. They can also cause frustration 
in the affected individuals, given that there is no medical treatment 
available. Pinguecula is generally not treated, except for those cases 
which present recurrent inflammation, while the treatments of 
advanced cases of pterygium and EPCD, although they are different, 
consist of the extraction of the affected areas by surgery. As have been 
reviewed by Serra [51], different pterygium surgery techniques have 
been developed in the last decade. In cases of marked corneal opacity 
of patients with EPCD, penetrating or laminar queratosplasty, and the 
implant of an amniotic membrane have been used [52-54].

A greater knowledge of the genesis of these pathologies might 
contribute to preventing such potentially disabling diseases, taking into 
consideration that the cure is very complicated in marginal zones of the 
planet where there is high prevalence. 

In conclusion, our investigation shows important prevalence of 
EPCD, pinguecula and pterygium in individuals that live in a semi 
deserted region of the Province of Río Negro, Argentine Patagonia. 
Besides those patients who only suffer from EPCD, or pinguecula, 
or pterygium, we identified patients with EPCD and pinguecula, 
others with EPCD and pterygium, a small number of individuals with 
pinguecula and pterygium and individuals with the three pathologies. 
The decrease concentration of phospholipids in EPCD affected areas 
could be due to lipid peroxidation, as a consequence of oxidative stress. 
On the other hand, higher levels of PC and PS in pterygium samples 
could be explained by the increase in proliferation, angiogenesis and 
epithelial mesenchymal transition, observed in this ocular disease. 
It is noteworthy that this is the first work in the world that shows 
coexistences between these three degenerative diseases of the ocular 
surface.
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