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Objective: To determine if exposure to atmospheric ozone disruption and other factors are associated with photodermatoses in the 
high-altitude pediatric population in Peru.
Materials and Methods: A cross-sectional study based on data obtained from studies of dermatological diseases among the 
population exposed to mine tailings in Peru which included children under the age of 18 in 6 population centers located over 2500 
meters above sea level (m.a.s.l). We evaluated the presence of photodermatoses and possible associated factors obtaining the adjusted 
odds ratio (aOR) and confidence intervals (CI).
Results: 594 children below the age of 18 participated in this study, 53.0% girls, the average age was 10.4 ± 4.1 years. 51.3% were 
exposed to a mini hole in the ozone layer, 60.1% resided at an altitude over 3500 m.a.s.l and 51.9% presented cutaneous manifestations 
of atopy upon physical examination. The prevalence of photodermatoses was 64.8%, of which the most frequent were actinic prurigo 
(49.3%), pityriasis alba (18.5%) and actinic cheilitis (4.4%). The multivariate analysis found that residing in a region exposed to the 
mini hole in the ozone layer (aOR = 4.23; CI 95%: 2.32–7.72) and residing at an altitude over 3500 m.a.s.l (aOR = 2.76; CI 95%: 
1.57–4.86) were both independent associated factors to photodermatoses.
Conclusion: A high prevalence of photodermatoses exists among the pediatric population living at high-altitude in Peru. Residing in 
a region exposed to a mini hole in the ozone layer and residing over 3500 m.a.s.l constituted associated factors.
Keywords: ultraviolet rays, ozone depletion, high-altitude, children, adolescents

Plain Language Summary
What is Already Known on This Topic
Arequipa is a department of Peru exposed to a mini hole in the ozone layer. Several studies identified mini holes in the 
ozone layer from a geophysical and atmospheric standpoint; but very few linked those holes directly with human 
pathology.

What This Study Adds
This study shows the high prevalence of photodermatoses among children and adolescents in high-altitude populations. 
The exposure to the mini hole in the ozone layer and residing at an elevation over 3500 meters above sea level (m.a.s.l) 
are associated factors for photodermatoses.
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How This Study Might Affect Research, Practice or Policy
It is important to implement educational interventions, but also to install sun protection measures, based on a budget 
policy and allocation that makes them sustainable, particularly in the higher risk zones.

Introduction
Exposure to ultraviolet radiation (UVR) produces direct cell damage to DNA, genetic mutations, production of reactive 
oxygen species (ROS), immunosuppression and inflammatory response, which play a major role in photoaging and the 
pathogenesis of skin cancer. Ultraviolet A (UVA: 320–360 nm) has a relatively low energy, is able to penetrate the 
dermis, interact with cells and stimulate melanin production. Ultraviolet B (UVB: 290–320 nm) has a much higher 
energy and is able to penetrate the dermis, causing most skin lesions of immediate perception, although 90% of which is 
filtered out by the ozone layer before reaching the Earth's surface. Ultraviolet C (UVC: 200–290 nm) has a very high 
energy but is completely filtered by the ozone layer and never reaches the Earth’s surface.1–3

Exposure to UVR during infancy and adolescence contributes to the risk of skin cancer (both melanoma and non- 
melanoma).4,5 It is estimated that 25–33% of cumulative sun exposure in one person’s lifetime occurs before the age of 
18, mainly in schools and through outdoor recreational activities. Unlike adults, children have a low risk of presenting 
skin damage related to UV radiation; however, the most common conditions related to UVR occur within the first two 
decades of life, such as erythema, sunburn, photodermatoses and photosensitivity.4–6 Exposure to the sun between the 
hours of 10 am and 4 pm, performing outdoor activities, fair skin, high-altitude, latitude proximity to the equator and 
clear skies all contribute to the accumulation of UVR exposure.1,2,7,8

Arequipa is a department located approximately 1000 km south of Lima, the capital of Peru. Most of its geography is 
occupied by the Andes mountains, located at an altitude over 2500 m.a.s.l with a predominantly dry climate. It is 
estimated that Arequipa city (capital of the department of Arequipa) has an average of 300 sunny days per year and 4000 
hours of sun exposure per year.9 This department is exposed to a mini hole in the ozone layer which was detectable 
through the satellite measures performed by the National Aeronautics and Space Administration (NASA) with the Total 
Ozone Mapping Spectrometer (TOMS) and the Ozone Monitoring Instrument (OMI) which allowed a daily mapping of 
the atmospheric ozone distribution around the planet.10–12 The areas exposed to the mini hole exhibit ozone concentra-
tions that vary between 200 and 225 Dobson units (DU) compared to other regions of the country where the ozone 
concentrations vary between 225 and 275 DU due to its proximity to the equator12 (Figure 1). This mini hole constitutes 
a natural phenomenon characterized by the local and transient reduction in the total column ozone which produces an 

A B

Figure 1 Ozone concentration satellite images. (A) Mini hole in the ozone layer which includes Arequipa (red arrow). (B) Disappearance of the mini hole days later.
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intermittent exposure of the population to extreme values of UVB radiation; as UVA is not filtered by the ozone layer 
UVA levels should not be influenced.13–17

Another factor that could be relevant for the presence of photodermatoses is the altitude. Populations residing in high- 
altitude areas, as a large proportion of the Peruvian population along the Andes Mountains, receive higher doses of UVR: 
as altitude increases, the exposure to UVR, UVA as well as UVB exposures increase.18

The objective of this current study was to determine if exposure to atmospheric ozone disruption and other factors are 
associated to photodermatoses in the high-altitude pediatric population in Peru.

Materials and Methods
Between 2003 and 2008, several studies were conducted on skin diseases associated with chronic exposure to metals 
from mining environmental liabilities (mine tailings) in populations living at high-altitude (Arequipa and Lima). 
Participants (children, adolescents and adults) underwent a clinical dermatological exam during these studies; and 
photodermatoses was recorded.19,20

A cross-sectional study was conducted from the data obtained from studies on skin diseases in populations exposed and 
not exposed to mine tailings.19,20 For this study, we included all children and adolescents (under the age of 18), habitual 
residents of the population center of origin. Those who had lived away from their birth town for more than 6 months, as 
well as those from whom we did not obtain the parental consent nor agreement of the minor were excluded from analyses.

Patient recruitment took place in 6 population centers of high altitude (>2500 m.a.s.l) exposed to mine tailings. Home 
visits were performed to all dwellings in the population center, during which the study objectives were explained to 
parents and their children were invited to participate. Some under-aged children were not captured during the home 
visits; they were recruited in public educational institutions. Each participant was examined by a dermatologist for the 
presence of dermatological diseases and abnormalities, including photodermatoses. Prevalence of photodermatoses was 
calculated from these data.

For the purpose of the study, we included the immunologically mediated photodermatoses (idiopathic), drug-and- 
chemically induced photosensitivity, defective DNA repair disorders, and photoaggravated dermatoses within photo-
dermatoses, according to the classification proposed by Lim and Hawk adapted by Bylaite.21

Data of factors potentially associated with photodermatoses were obtained, such as residing in an area exposed to the 
mini hole in the ozone layer, living at altitudes over 3500 m.a.s.l, age, sex and the presence of cutaneous manifestations 
of atopy. Participants were considered exposed to the mini hole in the ozone layer if they resided in the department of 
Arequipa where the NASA satellite images evidenced an ozone mini hole in comparison to those who lived in the 
department of Lima, where the satellite images did not evidence the existence of a mini hole.

Statistical analyses were conducted with the SPSS 25 program for Windows. A univariate statistic was performed 
based on obtaining frequencies, percentages, measures of central tendency and dispersion. Bivariate statistics were 
performed with Pearson’s chi-square test and Fisher’s exact test, obtaining crude odds ratios (OR) for factors potentially 
associated with photodermatoses. Multivariate binary logistic regression models were built with the INTRO procedure, 
the respective adjusted odds ratio (aOR) and confidence intervals (CI) were calculated. The calculations were performed 
with a confidence level of 95%.

The Ethics Committees of the Dos de Mayo National Hospital (Lima-Peru) and the Carlos Alberto Seguín Escobedo 
National Hospital (Arequipa-Perú) approved the original studies.19,20 This study was approved by the Ethics Committee 
of the Faculty of Medicine of the Ricardo Palma University, Lima-Peru (Expedited review, Code PI-002-2022). We 
guaranteed confidentiality of the information obtained, which was only used for the purpose of this study. The authors 
confirm that the guidelines outlined in the Declaration of Helsinki were followed.

Results
Of a total of 639 eligible minors under the age of 18, 28 were excluded because their parents did not give consent for 
their participation in the study and 17 for residing more than 6 months outside their hometown. 594 minors under the age 
of 18 were included, with an average age of 10.4 ± 4.1 years (median 11 years), 53% of them girls. Their characteristics 
are summarized in Table 1. Slightly more than half (51.3%) of the children were exposed to a mini hole in the ozone 
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layer and 60.1% resided at an elevation greater than 3500 m.a.s.l. 51.9% showed cutaneous manifestations of atopy upon 
clinical examination.

Prevalence of photodermatoses was 64.8%, with the main cutaneous manifestations being actinic prurigo (49.3%) and 
pityriasis alba (18.5%); less frequent manifestations were actinic cheilitis, melasma, acne vulgaris and atopic dermatitis 
(Table 1).

The photodermatoses were more frequent among girls than boys (67.3% versus 62.0%; p = 0.177) (Table 2); likewise, 
those exposed to the mini hole of the ozone layer had a higher prevalence of photodermatoses (74.1% versus 55.0%; 

Table 1 Characteristics of the Pediatric Population Studied

Characteristic Frequency %

Age group
Infant (< 3 years) 21 3.5

Preschool (3–5 years) 30 5.1

School age (6–17 years) 543 91.4

Sex
Feminine 315 53.0

Masculine 279 47.0

Exposure to a mini hole in the 

ozone layer

Yes 305 51.3
No 289 48.7

Altitude of residence
2500–3500 m.a.s.l 237 39.9

Elevation over 3500 m.a.s.l 357 60.1

Photodermatoses*

Actinic prurigo 293 49.3

Pityriasis alba 110 18.5
Actinic cheilitis 26 4.4

Melasma 24 4.0

Acne vulgaris 19 3.2
Atopic dermatitis 10 1.7

Any photodermatoses 385 64.8

None 209 35.2

Note: *Percentages add up to more than 100% because a participant could have more 
than one photodermatoses.

Table 2 Sex and Manifestations from Photodamage in the Pediatric Population of High-Altitude Population 
Centers

Photodermatoses Male % Female % p value

Actinic prurigo 129 46.2 164 52.1 0.156*

Pityriasis alba 58 20.8 52 16.5 0.109*

Actinic cheilitis 9 3.2 17 5.4 0.197*

Melasma 9 3.2 15 4.8 0.231

Acne vulgaris 12 0.4 7 1.3 0.151*

Atopic dermatitis 4 1.4 6 1.9 0.453**

Any photodermatoses 160 62.0 207 67.3 0.177*

Note: *Chi square test, **Fisher’s exact test.
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p<0.001), particularly of pityriasis alba, actinic cheilitis, melasma and acne vulgaris (Table 3). Residents over 3500 
meters above sea level also had a higher prevalence of photodermatoses (67.5% versus 53.2%; p<0.001), unlike those 
residing between 2500–3500 m.a.s.l, particularly actinic prurigo and actinic cheilitis (Table 4).

Multivariate analysis showed that exposure to the mini hole in the ozone layer was positively associated with 
photodermatoses (aOR = 4.23; CI 95%: 2.32–7.72). In addition, residing at an elevation over 3500 m.a.s.l was identified 
as an associated factor (aOR = 2.76; CI 95%: 1.57–4.86). No additional or potentiating effects were observed for the 
photodermatoses among the variables studied. The school age (of 5 or above) and female sex were not significantly 
associated with photodermatoses in the pediatric population studied (Table 5).

Discussion
This study shows the high prevalence of photodermatoses among children and adolescents in high altitude populations. 
As expected, exposure to the mini hole in the ozone layer and residing at an elevation over 3500 m.a.s.l are associated 
factors for photodermatoses.

Children and adolescents living at high-altitude, where the exposure to UV radiation is intense, have a very high 
prevalence of photodermatoses. Besides the high UVR exposure, the damage is likely due to poor knowledge and 
practice of photoprotection by the population, particularly the children and adolescents.22 Determinants such as 
population poverty, remoteness of the population centers from capital cities and specialized health services, and the 
sociocultural characteristics of the population also contribute.23 There is no structured state strategy to educate the 

Table 3 Exposure to Mini Hole in the Ozone Layer and Photodermatoses in the Pediatric Population of High- 
Altitude Population Centers

Photodermatoses Exposed to Ozone Hole % Not Exposed to Ozone Hole % p value

Actinic prurigo 146 47.9 147 50.9 0.465*

Pityriasis alba 88 28.9 22 7.6 < 0.001*

Actinic cheilitis 21 6.9 5 1.7 0.002*

Melasma 17 5.6 7 2.4 0.039**

Acne vulgaris 18 5.9 1 0.3 < 0.001**

Atopic dermatitis 0 0.0 10 3.5 0.001**

Any photodermatoses 226 74.1 159 55.0 < 0.001*

Note: *Chi square test, **Fisher’s exact test.

Table 4 Altitude and Cutaneous Manifestations from Photodermatoses in the Pediatric Population of 
High-Altitude Population Centers

Photodermatoses Over 3500 m.a.s.l % 2500–3500 m.a.s.l % p value

Actinic prurigo 199 55.7 94 39.7 < 0.001*

Pityriasis alba 57 16.0 53 22.4 0.049*

Actinic cheilitis 22 6.2 4 1.7 0.009*

Melasma 5 1.4 19 8.0 < 0.001*

Acne vulgaris 13 0.6 6 1.3 0.452*

Atopic dermatitis 2 0.6 8 3.4 0.011**

Any photodermatoses 242 67.8 143 60.3 0.063*

Note: *Chi square test, **Fisher’s exact test.
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population regarding the dangers of sun exposure, sun protection measures are expensive and, besides protective 
clothing, usually unaffordable for most of the population. It is important to implement educational interventions 
throughout educational institutions and local health centers, but also to install sun protection measures (provide shadow 
on playgrounds, etc.), based on a budget policy and allocation that makes them sustainable, particularly in the higher risk 
zones.

Several studies identified mini holes in the ozone layer from a geophysical and atmospheric standpoint;14,15 but very 
few linked those holes directly with human pathology. For a number of years, we have observed an increment in the 
intensity and frequency of the mini holes in the ozone layer in Europe, underlining the need to investigate their 
effects.24–27 While it is accepted that the exposure to mini holes in the ozone layer is linked to skin cancer due to the 
increment of exposure to UV radiation,24 it is necessary to quantify the excess risk of the population exposed to these 
holes.

Our study shows that chronic exposure to a mini hole constitutes the main associated factor in photodermatoses so 
that those exposed have 4 times the chance of developing it compared to those not exposed in a population which, 
because of the high altitude, has a very high UVR exposure anyway. Those exposed to the mini hole of the ozone layer 
had a higher prevalence of pityriasis alba, actinic cheilitis and melasma, unlike those not exposed to the mini hole. This 
elevated prevalence indicates that despite the transient character of the mini hole, the high levels of UV radiation that are 
generated for short periods of time have the ability to produce photodermatoses in children and adolescents which could 
have implications in the future risk of developing skin cancer.

The multivariate analysis also found that residing at an elevation greater than 3500 m.a.s.l constituted associated 
factor for photodermatoses in children and adolescents, independent of the exposure to the ozone mini hole. This is 
explained, in part, by the increase in UV radiation due to high-altitude, fewer clouds and a thinner atmosphere; in this 
sense, the people that reside at 3500 m.a.s.l receive at least 10–12% more UV radiation compared to those at 2500 m.a.s.l 
at the same latitude.28 Residents over 3500 m.a.s.l had a higher prevalence of actinic prurigo and actinic cheilitis unlike 
those residing between 2500–3500 m.a.s.l.

Table 5 Multivariate Analysis of Possible Associated Factors to Photodermatoses in the Pediatric Population of 
Population Centers in High Altitude

Assessed Factor Crude OR C.I. 95% aOR C.I. 95%

Exposure to the mini hole in the ozone 

layer

No 1 (ref) 1 (ref)
Yes 2.34 1.66–3.30 4.23 2.32–7.72

Altitude of residence
2500–3500 m.a.s.l 1 (ref) 1 (ref)

Elevation greater than 3500 m.a.s.l 1.38 0.98–1.95 2.76 1.57–4.86

Exposure to the mini hole in the ozone layer 

+ altitude of residence over 3500 m.a.s.l
No 1 (ref) 1 (ref)

Yes 2.24 1.44–3.48 0.501 0.23–1.08

Age group

Infant and preschool 1 (ref) 1 (ref)

School age 2.05 1.17–3.58 1.34 0.74–2.43

Sex

Male 1 (ref) 1 (ref)
Female 1.26 0.90–1.77 1.20 0.85–1.71

Abbreviations: m.a.s.l, meters above sea level.
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With regards to the research limitations, the diagnosis of actinic prurigo were not performed using immunological 
tests rather based on clinical and epidemiological findings. We did not investigate the expression of HLA-DR4 (subtype 
DRB1*0407 or others) since these were not easily available in the country at the moment the study was carried out and 
their high costs where available. Despite this, we do not believe this has significantly influenced in the diagnosis because 
of the skills of the the dermatologists performing the diagnosis - actinic prurigo is a frequent pathology in dermatology 
outpatient visits in Arequipa. We did not perform hormonal studies for melasma, however, during anamnesis no 
participants reported receiving hormone treatment, possibly due to the distance of the populated areas to the capital 
city and the absence of physician specialists that could prescribe such treatment in rural Peru.

Unfortunately, in this study we did not collect data on the cutaneous phototype or the measures of photoprotection 
applied by children and adolescents. Similar to other reports from our populations, the majority of participants were 
phototype III or IV which is like other publications.29–32 During the data collection research assistants observed that the 
use of other measures of sun photoprotection were very limited. Most likely, most participants did not use sun protection 
because of its limited availability and affordability in their residential places, combined with the lack of education with 
respect to the importance of its use.

Conclusion
A high prevalence of photodermatoses exists among the pediatric population living at high-altitude in Peru. Residing in 
a region exposed to a mini hole in the ozone layer and residing at an elevation over 3500 m.a.s.l constituted associated 
factors. Education regarding health risks of sun exposure and ways to protect from ultraviolet information should be 
provided to these highly exposed populations.

Data Sharing Statement
All the data used in this review have been presented in the main text as either tables or figures. Additional requests for the 
data can be made electronically to the corresponding author.
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