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A B S T R A C T

Purpose: To determine the countrywide prevalence of dry eye disease (DED) at the population level in Spain, and 
associated risks.
Methods: This was a cross-sectional study based on a telephone survey conducted in 2022. Participants from the 
general population were selected by sex, age, region, and population of residence to ensure the representa
tiveness of the Spanish population. Participants responded to 42 questions on sociodemographic characteristics, 
clinical diagnosis of DED, DED-related symptoms, comorbidities, prior eye surgery, current intake of specific 
drugs, use of contact lenses or artificial tears, and the use of digital screens. The criteria from the Women’s Health 
Study (WHS) and the Beijing Eye Study (BES) were used to determine DED.
Results: A total of 3019 interviews were conducted. The prevalence of DED according to WHS criteria was 16.6 % 
(10.9 % men versus 21.3 % women, p < 0.001); 12.3 % of respondents reported having a clinical diagnosis of 
DED. The age group 18–29 years presented a high frequency of symptoms. According to the BES criteria, the 
prevalence of DED was 22.5 % (20.2 % of men, 24.6 % of women, p = 0.005). Diabetes, glaucoma, and ble
pharitis, the intake of antidepressants/anxiolytics, blood pressure drugs, and sleeping pills, and prior eye surgery 
were significant risk factors (p < 0.0001). The use of digital screens for <6 h per day was significantly associated 
with DED.
Conclusions: Prevalence of DED in Spain was high among young adults, who presented a combination of high 
frequency of symptoms and low rates of clinical diagnosis. Increased awareness should be promoted in this 
population group.

1. Introduction

Dry eye disease (DED) is a multifactorial and heterogeneous disorder 
of the ocular surface characterized by a loss of homeostasis of the tear 
film and highly variable ocular symptoms, including mild transient 
discomfort to persistent redness, burning sensation, pain, and visual 
alterations [1–3]. As the association between signs and symptoms is 
often poor, no isolated sign or symptom easily establishes a DED diag
nosis. Depending on the symptoms’ severity, DED can severely affect an 
individual’s eye function, quality of life, and work productivity [4,5]. 
For these reasons, DED can cause a considerable burden to patients and 
society [6].

DED is one of the most frequent eye conditions treated by eye-care 
professionals. Numerous population-level studies have evaluated the 

prevalence of DED [7–12], often relying on questionnaires in which 
patients self-report the presence or absence of specific general symptoms 
over a pre-specified period. However, the methodological heterogene
ity, which ranges from the lack of standardized criteria to define DED to 
differences in the characteristics of the population studied, makes these 
epidemiological studies difficult to compare [5]. A meta-analysis 
showed that the prevalence of DED in the US was 8.1 % [13], but 
prevalences as high as 20.1 % in Asia [14], or 42.0 % in Africa [11] in 
the general population have been reported. Generally, most studies 
show that DED increases with age [15] and is more prevalent in women, 
especially in the age range of 40–60 years.

In Spain, the prevalence of DED was investigated in 2005–2006 in an 
adult population in North-Western Spain (n = 654, mean age = 63.6 
years, age range: 40–96) using a questionnaire and an ophthalmological 
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exam [16]. In this study, DED was defined as the simultaneous presence 
of symptoms and at least one sign, and the prevalence was 11.0 % (95 % 
CI 8.6–13.3), being more frequent in women (11.9 %, 95%CI 8.8–15.1) 
than in men (9.0 %, 95%CI 5.3–12.6), and significantly associated with 
aging (p < 0.001). A follow-up study conducted 11 years later in the 
same population (n = 264) found that the 11-year incidence of DED was 
25.4 % [17]. A more recent study in a Mediterranean population (n =
120, mean age = 47.0 years, age range: 18–89 years), also using a 
combination of questionnaires and ophthalmological exams, found a 
DED prevalence of 57.7 % [18]. Recently, a study using the Ocular 
Surface Disease Index (OSDI) found a prevalence of DED symptoms of 
15.5 % among 1033 patients attending primary eye care centers [19]. 
However, no national-level study has investigated the prevalence of DED 
in the general population in Spain.

The economic and social impact of DED in Spain could be high and 
increasing in recent decades, as revealed by an analysis based on an 
insurance claims database [20]. Also, a recent web-based study of the 
impact of DED among adults in eight European countries found that 
participants from Spain (n = 2061) presented a high self-reported 
burden of DED [21]. The progressive aging of the population and 
recent changes in environmental and social habits, such as the increased 
use of display terminals, contact lenses, or certain drugs, could 
contribute to this tendency [15,21,22]. However, an up-to-date epide
miological study would be necessary to evaluate DED’s current preva
lence and impact on society and help professionals and healthcare 
agents guide resources and mitigation strategies.

The present study aimed to determine the prevalence of DED at the 
population level in Spain to identify the influence of demographic var
iables and common risk factors. For comparative purposes, the study 
evaluated the frequency and severity of symptoms compatible with DED 
using two well-described sets of criteria: the Women’s Health Study 
(WHS) and the Beijing Eye Study (BES) [8,9]. These criteria were 
extended to evaluate symptoms of eye fatigue and fluctuating vision 
[23]. As secondary objectives, the possible risk of DED due to specific 
comorbidities, drug exposure, or habits was investigated.

2. Materials and methods

The prevEOS study was a population-level cross-sectional epidemi
ological study based on a survey conducted between March 24 and June 
8, 2022 to determine the prevalence of DED in Spain. The study was 
carried out in accordance with the Declaration of Helsinki and approved 
by the Institutional Review Board approval from the Hospital Clínico 
San Carlos (Madrid, Spain) on February 28, 2022. All participants pro
vided verbal informed consent.

2.1. Study population and procedures

The only inclusion criteria were age >18 and consent to participate. 
At the interviewer’s discretion, individuals with intellectual disabilities, 
linguistic difficulties in understanding the Spanish language, or a lack of 
ability to understand the information and questions of the survey were 
excluded. Also, those individuals who did not respond to all questions 
were excluded.

The survey was conducted using random computer-assisted tele
phone interviews (CATI) by trained interviewers (unrelated to health
care). In Spain, almost the entire adult population has a mobile phone; 
national mobile coverage is 99 %. The blind nature of the survey 
required that the samples be stratified proportional to the population 
and that these strata be filled in as the calls were made and the 
respondent was identified. The population was stratified by sex (men, 
women), age (18–29, 30–39, 40–49, 50–59, 60–69, 70–79, and ≥80 
years), region (each of the 17 Autonomous Communities in Spain), and 
habitat size (≤10,000, 10,001–100,000, and >100,000 inhabitants). To 
ensure that the population was selected according to the proportions of 
sex, age, location, and size of the municipality published by the National 

Institute of Statistics (INE) for the Spanish population, a series of quotas 
were designed and completed that combine these characteristics. No 
losses were considered, as the age and sex quotas were completed in 
successive calls until the total sample was completed. Also, there were 
no selection biases since, if a person did not agree to participate, the calls 
continued until replaced by another person who belonged to the same 
stratum or quota. According to the protocol, the CATI system automat
ically scheduled seven attempts to contact the same telephone number 
on different days and at different times (from 9:30 a.m. to 10:00 p.m.). 
Respondents were not informed previously of the call. As quotas were 
included in the protocol, no substitution criteria were applied. No data 
were collected on those who refused to participate.

At the beginning of the phone call, the interviewee was informed 
about the purpose of the survey and issues related to guarantees and 
data protection. If they met the inclusion/exclusion criteria, their ex
press authorization to participate was requested through verbal 
Informed Consent. Then, the interviewer read the ad-hoc questionnaire 
(Supplementary Materials Table S1) and collected the responses. The 
questionnaire included 42 closed questions on sociodemographic char
acteristics, diagnosis of DED by a physician, presence of DED-related 
symptoms, current comorbidities (diabetes, glaucoma, blepharitis), 
prior eye surgery, current intake of specific drugs, use of contact lenses 
or artificial tears, and the use of digital screens. The questionnaire was 
validated in pilot tests for duration and comprehension, and alternative 
descriptions to clarify terms were provided as needed. For all questions 
related to symptoms, participants were asked to refer to the prior three 
months.

2.2. Assessment of prevalence

To assess the prevalence of DED, several criteria were used. The first 
followed the WHS criteria [8,24], in which DED was defined as the 
presence of a clinical diagnosis of DED (item 1 of the questionnaire) or of 
severe self-reported symptoms (items 2 and 3 of the questionnaire) when 
both dryness and irritation were scored as ‘constantly’ or ‘often’. In the 
WHS, the sensitivity and specificity of this three-item questionnaire 
compared with a clinical diagnosis of DED were reported as 60 % and 94 
%, respectively [8]. The second method followed the BES criteria [9], in 
which subjects responded to six questions related to DED symptoms 
(items 4.1 to 4.6 of the questionnaire). DED was defined as having one or 
more symptoms ‘Often or all the time’ (Table S1). In addition, two 
questions evaluating symptoms of eye fatigue and fluctuating vision 
were asked of all participants (items 4.7 and 4.8), complementary to the 
BES evaluation.

2.3. Statistical analysis

It was estimated that a sample population of 3000 participants would 
provide a precision of ±1.79 %, for a confidence level of 95 % and under 
the assumption of maximum indeterminacy (p = q = 0.5). Absolute and 
relative frequencies were calculated to describe categorical variables. 
Means and standard deviations (SD) or interquartile ranges (IQR) were 
calculated to express continuous variables. Prevalences were stratified 
by age and sex. The Fisher exact test was used to evaluate the signifi
cance of differences between groups. Odds ratios (OR) and 95 % confi
dence intervals were calculated to evaluate risk factors [25].

3. Results

3.1. Population characteristics

A total of 149,165 calls were made to obtain a final sample of 3019 
interviews (84 % to mobile phones and 16 % to landlines) for a final 
participation rate of 2.02 %. The interviews were conducted in all 17 
Autonomous Communities of Spain, in numbers approximately pro
portionate to their population (Table S2). Interviews lasted a mean (SD) 
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of 6.0 (2.5) minutes. The demographic, clinical, and lifestyle charac
teristics of the respondents are shown in Table 1. The median (IQR) age 
was 50.0 (37.0, 64.0) years; 1449 (48.0 %) were male and 1570 (52.0 %) 
were female. Diabetes was reported by 7.8 % of the respondents, glau
coma by 2.8 %, and blepharitis by 5.2 %. Prior eye surgery was reported 
by 18.6 % of respondents, in most cases cataracts (9.4 %) and myopia 
(6.9 %).

3.2. DED prevalence

The prevalence of DED according to WHS criteria was 16.6 %, with a 
highly significant difference between sexes (10.9 % men versus 21.3 % 
women, p < 0.001). Of the total sample, 371 participants (12.3 %) re
ported having a diagnosis of DED by a physician (Table 2). Distributed 
by age groups, diagnosis of DED increased constantly by age starting at 
40 years (Fig. 1A). Prevalence was significantly higher in women overall 
(p < 0.0001) and in all age groups starting at 40 years; in the age groups 
between 40 and 69 years, the percentage of women with DED more than 
doubled men (p ≤ 0.001).

Dry or irritated eyes were symptoms reported constantly or often by 
12.1 % and 13.5 % of the participants, respectively (Table 2). These 
symptoms had no clear age trends (Fig. 1B and C). Dry eye symptoms 

were again reported by a significantly higher number of women (p <
0.001), especially in the age group of 18–29 years (p = 0.007), and in the 
age groups from 40 to 79 years (Fig. 1B). Eye irritation was also reported 
by a significantly higher number of women overall (p < 0.001), with the 
strongest sex differences observed in the age groups 18–29 years, 40–49 
years, and 60–69 years (Fig. 1C).

According to the BES criteria, the prevalence of DED was 22.5 %, and 
again, it had a higher prevalence among women (20.2 % of men, 24.6 % 
of women, p = 0.005) (Table 2). The questions with the highest fre
quency of participants responding often/constantly were ‘Do your eyes 
ever feel dry?’ (10.0 %) and ‘Are your eyes ever red?’ (8.9 %). The 
strongest sex differences were observed for the question on the feeling of 
dry eyes (5.9 % men versus 13.8 % women, p < 0.001) and on the feeling 
of gritty or sandy sensation in the eyes (4.2 % men versus 7.3 % women, 
p < 0.001). If age groups are considered, no increase in the prevalence of 
DED was observed with age, and the highest prevalence (30.0 %) was 
observed in the youngest group (18–29 years) (Fig. 2A). Women pre
sented a significantly higher prevalence than men for age groups 40–69 
years.

Analysis of two additional questions on symptoms related to DED 
showed that a relatively high percentage of respondents reported ‘eyes 
feeling tired, with a need to close them’ (14.2 % responded often/ 

Table 1 
Demographic and clinical characteristics of respondents.

Variable Total 
N = 3019

Sex (female), N (%) 1570 (52.0)
Age (years), median (IQR) 50.0 (37.0, 64.0)
Age ranges (years), N (%)

18–29 424 (14.0)
30–39 450 (14.9)
40–49 604 (20.0)
50–59 562 (18.6)
60–69 450 (14.9)
70–79 317 (10.5)
≥80 212 (7.0)

Habitat (inhabitants), N (%)
≤10,000 622 (20.6)
10,001–100,000 1119 (37.1)
>100,000 1278 (42.3)

Comorbidities, N (%)
Diabetes 235 (7.8)
Glaucoma 80 (2.6)
Blepharitis 157 (5.2)

Prior eye surgery, N (%) 561 (18.6)
Myopia 182 (6.0)
Hyperopia 28 (0.9)
Cataracts 283 (9.4)
Glaucoma 14 (0.5)
Retina 30 (1.0)
Eyelids 26 (0.9)
Other 128 (4.2)

Medication, N (%)
Antihistamines (allergy pills) 552 (18.3)
Retinoids (acne pills) 17 (0.6)
Antidepressants/anxiolytics 342 (11.3)
Blood pressure drugs 621 (20.6)
Glaucoma eye drops 58 (1.9)
Sleeping pills (except melatonin) 351 (11.6)
Hormone replacement therapy (women only) 32 (1.1)
Other 1637 (54.2)

Use of artificial tears, N (%) 687 (22.8)
Daily 184 (6.1)
Sometimes 503 (16.7)

Use of contact lenses, N (%) 307 (10.2)
Daily 187 (6.2)
Sometimes 120 (4.0)

Use of screens (hours/day), N (%)
<6 1667 (55.2)
6–9 761 (25.2)
>9 591 (19.6)

Abbreviations: IQR, interquartile range.

Table 2 
Prevalence of DED in Spain.

Total (N =
3019)

Men (N =
1449)

Women (N 
= 1570)

pa

WHS criteriab 492 (16.3) 158 (10.9) 334 (21.3) <0.001
1. DED diagnosis by a 
physicianc

371 (12.3) 115 (7.9) 256 (16.3) <0.0001

2. How often do your 
eyes feel dry?d

363 (12.1) 119 (8.2) 244 (15.6) <0.001

3. how often do your 
eyes feel irritated?d

407 (13.5) 146 (10.1) 261 (16.6) <0.001

BES criteriae
679 (22.5) 293 (20.2) 386 (24.6) 0.005

4.1. Do your eyes ever 
feel dry?f

303 (10.0) 86 (5.9) 217 (13.8) <0.001

4.2. Do you ever feel a 
gritty or sandy 
sensation in your 
eye?f

175 (5.8) 61 (4.2) 114 (7.3) <0.001

4.3. Do your eyes ever 
have a burning 
sensation?f

180 (6.0) 69 (4.8) 111 (7.1) 0.019

4.4. Are your eyes 
ever red?f

269 (8.9) 129 (8.9) 140 (8.9) 0.002

4.5. Do you notice 
much crusting on 
your lashes?f

180 (6.0) 86 (5.9) 94 (6.0) 0.001

4.6. Do your eyes ever 
get stuck shut in the 
morning?f

106 (3.5) 53 (3.7) 53 (3.4) 0.907

Additional questions
4.7. Do your eyes feel 
tired, with need to 
close them?f

429 (14.2) 163 (11.2) 266 (16.9) <0.0001

4.8. Do you feel 
fluctuating vision 
when reading, driving 
or using a computer?f

418 (13.9) 162 (11.2) 256 (16.3) <0.001

Abbreviations: BES, Beijing Eye Study; DED, dry eye disease; WHS, Women’s 
Health Study.

a Fisher’s Exact Test.
b Respondents with DED diagnosis by a physician or presented both eye dry

ness and irritation ‘Constantly’ or ‘Often’ (items 2 and 3).
c Respondents who reported ‘Yes’.
d Sum of the number of respondents who reported the symptom ‘Constantly’ 

or ‘Often’.
e Sum of respondents who reported the symptom ‘Often or all the time’ to any 

of the items 4.1 to 4.6.
f Number of respondents who reported the symptom ‘Often or all the time’.
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constantly), and ‘fluctuating vision when reading, driving, or using a 
computer’ (13.8 %) (Fig. 2B). If these two questions were included with 
the other of the standard BES criteria, then the prevalence of DED would 
be 33.0 %.

3.3. Risk factors of DED

Respondents who reported DED diagnosed by a physician presented 
a significantly higher frequency of diabetes (odds ratio [OR] = 2.1, p <
0.0001), glaucoma (OR = 5.4, p < 0.0001), and blepharitis (OR = 3.9, p 
< 0.0001), compared with those without a DED diagnosis (Table 3). 
Also, DED diagnosed by a physician was significantly associated with the 
administration of antidepressants and anxiolytics (OR = 2.7, p <
0.0001), blood pressure drugs (OR = 2.6, p < 0.0001), glaucoma eye 
drops (OR = 4.9, p < 0.0001), and sleeping pills (OR = 3.2, p < 0.0001). 
However, no association was observed between DED diagnosis and the 
use of antihistamines or retinoids, or with the administration of hor
mone replacement therapy in women.

A diagnosis of DED by a physician was also significantly associated 
with having had prior eye surgery (OR = 2.6, p < 0.0001), and the use of 
artificial tears (OR = 9.0, p < 0.0001). However, only 64.7 % of re
spondents with a DED diagnosis reported using artificial tears, and 16.9 
% of those without a diagnosis of DED used artificial tears. There was no 
association between DED diagnosis with the use of contact lenses. Using 
digital screens <6 h/day was significantly associated with having a DED 
diagnosis, but higher screen use was associated with not having a DED 
diagnosis.

3.4. Geographic determinants of DED

The prevalence in each Autonomous Community by number of re
spondents with a clinical diagnosis of DED (item 1 of WHS criteria) was 
highly variable and ranged from 5.1 % in Murcia to 23.5 % in Asturias 
(Table S3 and Fig. S1). By sex, it varied between 3.2 % in Castilla la 
Mancha and 15.7 % in the Canary Islands in men and between 6.8 % in 
Aragón and 31.4 % in Asturias in women. A clinical diagnosis of DED 

Fig. 1. Frequency of DED diagnosis and symptoms by sex and age group (WHS criteria). A, DED diagnosis; B, frequency of symptoms of ocular dryness (constantly or 
often); C, frequency of symptoms of ocular irritation (constantly or often). Statistical significance between men and women was calculated using Fisher’s exact test, 
with p-values >0.05 considered as non-significant. 
Abbreviations: DED, dry eye disease; NS, not significant.
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was not associated with the number of inhabitants, closeness to the sea, 
or altitude of the respondent’s residence.

4. Discussion

This study revealed that DED is prevalent in the adult Spanish pop
ulation, with 12.3 % of the population reporting having a clinical 
diagnosis. The prevalence of DED was 16.3 % according to the WHS 
criteria but increased to 22.5 % when the BES criteria were applied 
instead. DED was significantly more frequent in women than men by 
both WHS or the BES criteria. The significant risk factors of DED 
observed were the presence of diabetes, glaucoma, or blepharitis, and 
the intake of antidepressants/anxiolytics, blood pressure drugs, or 
sleeping pills. Prior eye surgery was also a significant risk factor. The use 
of digital screens for <6 h per day was significantly associated with DED, 
but longer use was associated with decreased risk of DED. There was a 
substantial diversity of prevalences in the 17 regions of Spain, ranging 
from 5.1 % in Murcia to 23.5 % in Asturias. Community size did not 
affect the prevalence of DED.

Before this study, the prevalence of DED in the Spanish population 
had only been investigated locally. A survey in Northwestern Spain in 
2005–2006 found a prevalence of 11.0 % [16], and a study in a Medi
terranean population found a prevalence of 57.7 % [18]. However, the 
methodological differences between these studies and the present one, 
including the surveyed population and DED definition, prevent direct 
comparison. In the present study, the population was randomly selected 
from the entire adult population of Spain following a strictly adjusted 
proportion with the true population characteristics (age, sex, habitat) in 

each region. This study is the first population-level evaluation of the 
prevalence of DED in Spain.

This study found a remarkably high frequency of DED symptoms 
among the young adult population (18–29 years), according to WHS 
criteria, but this population was the one with the lowest rate of clinical 
diagnosis of DED. Also, prevalence was significantly higher in women in 
this age group. According to BES criteria, the age group 18–29 also re
ported the highest prevalence of DED overall, up to 30 %, but in contrast 
to the WHS criteria, no differences could be observed between sexes. A 
large population-level study in the Netherlands also found a high 
prevalence DED symptoms among the young adult population, as 
measured by the WHS criteria [10]. As highlighted in several studies, the 
increased use of digital displays could be behind the high prevalence in 
this age group versus older groups [26–28]. The excessive use of com
puters, smartphones, and tablets leads to reduced blink rates and tear 
film evaporation, leading to DED [29]. The rise in DED among young 
adults highlights the need for increased awareness and preventive 
measures, such as regular breaks from screens and maintaining proper 
ocular hydration [27,30]. Given that most youth are unaware of the 
problem, young people should be encouraged to visit the ophthalmol
ogist when symptoms occur.

Sexual hormones play a major role in the regulation of ocular surface 
homeostasis and in the observed difference in DED prevalences ac
cording to sex [2]. In the current study, 16.3 % of women versus 7.9 % of 
men reported having a clinical diagnosis. Consistent with studies in 
other countries, women presented a significantly higher frequency of 
DED than men in the age range between 40 and 69 years [5,10,22]. 
Consistent with these results, a survey of women aged between 45 and 

Fig. 2. Prevalence and severity of DED symptoms by age and sex (BES criteria). A. Prevalence of BES; B, severity of symptoms. Two symptoms not included in the 
BES criteria were added (need to close eyes because they feel tired, and feeling of fluctuating vision when reading, driving, or using a computer). Statistical sig
nificance between men and women was calculated using Fisher’s exact test, with p-values >0.05 considered as non-significant.
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79 years in Spain found a prevalence of DED symptoms of up to 64 %, 
which increased significantly in postmenopausal women (66.8 %) [31]. 
Hormone replacement therapy has been suggested to alleviate meno
pausal symptoms, including DED, but the evidence is inconclusive [32]. 
Although limited by a small population sample, the present study found 
that there was no increased risk of DED in women treated with hormone 
replacement therapy.

In this study, diabetes was found to be a risk for DED (p < 0.0001). 
Diabetes has been described as a risk factor for DED in multiple pop
ulations [14,22,33], although no association was found in other large 
studies [34]. High blood sugar levels in diabetic individuals can lead to 
nerve damage, including the nerves that stimulate tear production. This 
results in reduced tear secretion and poor tear film quality, both of 
which contribute to dry eye symptoms. Additionally, diabetes can cause 
inflammation and damage to the ocular surface, further exacerbating 
DED [35]. DED was associated with the intake of drugs to control blood 
pressure (p < 0.0001). Hypertension has also been found a risk factor for 
DED in many studies [22]. In the past decade, metabolic diseases in 
Spain have seen a notable rise, reflecting global trends. Conditions such 
as diabetes, obesity, and metabolic syndrome have increased, driven by 
an aging population and lifestyle changes, including sedentary habits, 
and poor dietary choices [36,37].

In the present study, the presence of glaucoma was also associated 
with an increased risk of DED (p < 0.0001). The association between 

glaucoma and DED has been reported before [22], and both conditions 
were found to be highly correlated in a large study in the Netherlands 
[10]. The association between glaucoma and DED may be, in part, a 
result of glaucoma medication [38]. Accordingly, receiving glaucoma 
medication was also a risk factor of DED in this study.

Regarding other ocular factors, prior eye surgery was found to be a 
risk factor for DED (p < 0.0001), as shown in other large studies [10]. 
However, no association was found for the use of contact lenses. Some 
studies have found some increased risk of DED among contact lens 
wearers [22,39], but the evidence is ambiguous. It is possible that people 
with a DED diagnosis stop using contact lenses or are advised not to use 
them. Contact lenses can exacerbate symptoms by reducing tear pro
duction and disrupting the tear film, and a feeling of ocular dryness is 
one of the main causes of abandoning the use of contact lenses. The 
condition arises from prolonged lens wear, environmental factors, or 
underlying ocular surface diseases.

The present study found an interesting pattern regarding the use of 
digital displays, with a highly significant increased risk of DED among 
users <6 h/day (p < 0.0001), but decreased risk among users >6–9 h per 
day (p = 0.0354), and highly significant decreased risk of DED among 
users >9 h per day (p < 0.0001). The differences in the risks of DED 
observed among the groups of use of digital displays (<6, >6 to 9, >9 h/ 
day) could also be due to differences in age and sex in these groups. 
Alternatively, these results could be interpreted as if the population with 
DED was limiting, consciously or unconsciously, the time of use of 
digital displays, possibly due to their condition. DED symptoms could 
make it difficult to focus on tasks requiring prolonged screen time or 
visual concentration. Generally, numerous studies have pointed to a 
correlation between increased use of digital screens and DED [26,27,29,
33]. A study using the ocular surface disease index (OSDI) questionnaire 
among university students in Spain concluded that the COVID-19 
pandemic could have contributed to an increase in DED in this popu
lation due to the increased use of digital screens [28]. A meta-analysis 
found a DED prevalence of 49.5 % among digital screen users, 
although studies were highly heterogeneous [40].

This study found a heterogeneous distribution of prevalences of DED 
in the various regions of Spain. No clear geographical patterns were 
apparent, and no significant differences were found regarding altitude 
or habitat size. The high prevalence observed in Asturias (23.5 %) is 
surprising, given that this is one of the most humid regions in the 
country. Conversely, low DED prevalences were found in some of the 
dryest regions, such as Aragón and Castile and León (7.0 % and 7.4 %, 
respectively). In contrast, a recent study in Spain found a strong corre
lation between the presence of DED symptoms and long-term low rela
tive humidity <70 % [19]. Further studies will be required to investigate 
the reasons for these differences, which could be caused by distinct 
criteria to diagnose DED among regions, different access to healthcare, 
pollution levels, or demographic reasons.

Some limitations of the present study should be addressed. First, 
selection bias is a concern in most population-based cohort studies, 
although a representative sample of the population has most definitely 
been achieved in terms of sex, age, population size, and regions 
included. Second, as with other questionnaire-based studies, it was 
prone to recall bias, particularly regarding a previous diagnosis of DED 
from a clinician. Access to specialized care can vary between regions and 
diagnostic criteria may differ between clinicians. This could have led to 
an under- or overestimation of the disease. However, the WHS ques
tionnaire has been shown to have good specificity and sensitivity versus 
clinical examination and has been implemented by multiple study 
groups worldwide. Thirdly, this is a cross-sectional study, so causation 
cannot be investigated and would need further studies. Fourth, there is a 
possibility that some of the symptoms reported could be secondary to 
other ocular diseases, such as allergic conjunctivitis, especially in the 
younger population. The major strengths of this study are the large 
sample size, which has included a representative sample of the Spanish 
population, and the use of criteria common to multiple studies, allowing 

Table 3 
Risk factors for DED.

Variable Diagnosis of DED by a 
physiciana

OR (95 % 
CI)

p

Yes (N =
371)

No (N =
2648)

Concomitant disease
Diabetes, N = 235 51 (21.7) 184 

(6.9)
2.1 
(1.5–3.0)

<0.0001

Glaucoma, N = 80 33 (41.3) 47 (1.8) 5.4 
(3.4–8.6)

<0.0001

Blepharitis, N = 157 52 (33.1) 105 
(4.0)

3.9 
(2.8–5.6)

<0.0001

Medication
Antihistamines, N = 552 74 (20.0) 478 

(18.1)
1.1 
(0.9–1.5)

0.377

Retinoids (acne pills), N 
= 17

3 (0.8) 14 (0.5) 1.5 
(0.4–5.4)

0.503

Antidepressants/ 
anxiolytics, N = 342

83 (22.4) 259 
(9.8)

2.7 
(2.0–3.5)

<0.0001

Blood pressure drugs, N 
= 621

136 (36.7) 485 
(18.3)

2.6 
(2.0–3.3)

<0.0001

Glaucoma eye drops, N 
= 58

23 (6.2) 35 (1.3) 4.9 
(2.9–8.4)

<0.0001

Sleeping pills (except 
melatonin), N = 351

94 (25.3) 257 
(9.7)

3.2 
(2.4–4.1)

<0.0001

Hormone replacement 
therapy, N = 32

4 (1.1) 28 (1.1) 0.7 
(0.3–2.1)b

0.558

Other, N = 1637 124 (33.4) 1513 
(57.1)

0.4 
(0.3–0.5)

<0.0001

Prior eye surgery, N = 561 125 (33.7) 436 
(16.5)

2.6 
(2.0–3.3)

<0.0001

Use of artificial tears, N =
687

240 (64.7) 447 
(16.9)

9.0 
(7.1–11.4)

<0.0001

Use of contact lenses, N =
307

36 (9.7) 271 
(10.2)

1.0 
(0.7–1.5)

0.908

Use of digital screens
<6 h/day, N = 1667 251 (67.7) 1416 

(53.5)
1.8 
(1.4–2.3)

<0.0001

6–9 h/day, N = 761 77 (20.8) 684 
(25.8)

0.8 
(0.6–1.0)

0.035

>9 h/day, N = 591 43 (11.6) 548 
(20.7)

0.5 
(0.3–0.7)

<0.0001

a Response to item 1 of the questionnaire.
b Calculated based on the total number of women with (N = 256) and without 

(N = 1314) DED diagnosis.
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for a direct comparison with data from other countries.
In conclusion, this population-based study performed in Spain found 

that DED is a common disorder, with 12.3 % having a clinical diagnosis. 
The population with DED symptoms ranged between 16.3 % (WHS 
criteria) and 22.5 % (BES criteria). People in the age range from 18 to 30 
years presented a very high frequency of DED symptoms, but the lowest 
frequency of DED diagnosis. This result highlights the need to increase 
awareness of this disease among the younger population with the 
objective of improving diagnosis and treatment. The results of this study 
also suggest that educational campaigns should be implemented to 
promote healthy habits in young adults to improve their ocular health, 
and to reduce the burden of the healthcare system.
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