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Abstract
Objective. To determine the prevalence of dry eye symp-
toms (DES) and associated risk factors among adults in Tlax-
cala, Mexico. Materials and methods. A cross-sectional 
population-based study that included 1 508 individuals aged 
≥50 years who answered the Dry Eye Questionnaire (DEQ-
5), with a score ranging between 0 and 22; the following 
categories were defined: no DES (<6); mild-moderate DES 
(6 to 11) and severe DES (≥12). Results. The prevalence of 
DES was 41.1% (95%CI 38.6-43.6), and was higher in women 
(OR=2.26, 95%IC 1.70-3.00), in individuals with smoking in-
dex of <10 (OR=1.40, 95%CI 1.05-1.87) and ≥10 pack-years 
(OR=2.29, 95%CI 1.44-3.63), compared to never-smokers, 
subjects with history of ever consuming alcohol (OR=1.31, 
95%CI 1.02-1.70), and those receiving antihypertensive treat-
ment (OR=1.29, 95%CI 1.00-1.65). Conclusion. Dry eye 
symptoms were highly prevalent in the study population and 
were associated with sex, smoking, alcohol consumption, and 
antihypertensive medications.
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Resumen
Objetivo. Determinar la prevalencia de síntomas de ojo 
seco y factores de riesgo asociados en población adulta 
de Tlaxcala, México. Material y métodos. Se realizó 
un estudio de base poblacional con 1,508 individuos ≥50 
años que respondieron el Dry Eye Questionnaire (DEQ-5) 
y se definieron las siguientes categorías: sin síntomas (<6); 
síntomas leve-moderado (6 a11) y síntomas severos (≥12). 
Resultados. La prevalencia de síntomas de ojo seco fue de 
41.1% (IC95% 38.6-43.6); fue mayor en mujeres (OR=2.26, 
IC95% 1.70-3.00), en individuos con índice de tabaquismo <10 
(OR=1.40, IC95% 1.05-1.87) y ≥10 paquetes-año (OR=2.29, 
IC95% 1.44-3.63), en sujetos con historia de consumo 
de alcohol (OR=1.31, IC95%1.02-1.70) y en aquellos con 
tratamiento antihipertensivo (OR=1.29, IC95% 1.00-1.65). 
Conclusión. La frecuencia de síntomas de ojo seco fue 
altamente prevalente en la población de estudio y fue asociada 
con sexo, tabaquismo, consumo de alcohol y medicamentos 
antihipertensivos.

Palabras clave: síntomas de ojo seco; cuestionario de ojo 
seco; prevalencia
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Dry eye is defined by the 2007 International Dry 
Eye Workshop as a multifactorial disease of the 

tears and ocular surface, which results in symptoms 
of discomfort,1 visual disturbance, increased tear film 
osmolarity, and inflammation of the ocular surface. Dry 
eye is regarded as an important public health issue due 
to its impact on the quality of life of those with the pa-
thology.2 The prevalence of this condition ranges from 5 
to 30%, depending on the characteristics of the studied 
population and the method of assessment.2,3 Among 
the risk factors related to dry eye are older age, female 
sex, ethnicity, decreased androgen levels, exogenous 
estrogen use, imbalance of the essential fatty acids, 
autoimmune disorders, and use of certain drugs (i.e. 
antihypertensive and antianxiety drugs).1-3 Several dry 
eye symptoms questionnaires have been developed for 
epidemiological research as well as clinical diagnosis 
and monitoring of treatment response. The 5-item Dry 
Eye Questionnaire (DEQ-5) explores the frequency and 
intensity of eye dryness and discomfort together with 
the frequency of watery eye.4,5 The DEQ-5 is a simple, 
inexpensive instrument for screening dry eye symptoms 
that can be applied to large cohorts of patients. The aim 
of this study was to determine the prevalence of dry 
eye symptoms and the risk factors associated to this 
condition among the adult population of the State of 
Tlaxcala, Mexico.

Materials and methods
Study population

A cross-sectional population-based study was carried 
out from July to September 2013 in order to determine 
the prevalence of visual impairment and blindness in 
people aged ≥50 years in the State of Tlaxcala, Mexico. 
The prevalence of dry eye was also evaluated. A mul-
tistage sampling design in keeping with the Rapid As-
sessment of Avoidable Blindness (RAAB) methodology 
was used. A total of 39 municipalities were chosen, 
comprising 4 282 households with 2 574 individuals 
aged ≥50 years (INEGI, National Institute of Statistics 
and Geography of Mexico). Of these potentially eligible 
people, 1 617 accepted to participate in the study, and 
1 508 completed the DEQ-5. The evaluation included 
also several health questionnaires and assessment of 
visual acuity by trained interviewers at the homes of 
the participants. People with any visual impairment 
or general health problems were referred for medical 
attention with their usual health care provider. This 
study was performed in accordance with the guidelines 
of the Declarations of Helsinki. The Institutional Review 
Boards of Research, Ethics, and Biosecurity of the Conde 

de Valenciana Institute of Ophthalmology approved the 
study protocol. Before the interview and blood sam-
pling, all participants signed an informed consent form.

General evaluation and visual acuity

A general questionnaire including sociodemographic 
information, smoking (age at first cigarette, duration 
of smoking, and average of cigarettes per day), alcohol 
consumption (age at first use, duration of alcohol con-
sumption, and average of drinks per day), and chronic 
comorbidities (such as diabetes, hypertension, and 
obesity) was administered. Both smoking and alcohol 
consumption statuses were categorized into never, 
former, and current use. The intensity  of smoking was 
evaluated by calculating the smoking index: 

average of cigarettes per day X duration of smoking in years
 20

which quantifies the number of pack-years a person 
has smoked. Due to the small number of participants 
with ≥15 pack-years of smoking (4.4%), we categorized 
the score as follows: never-smoker, <10 pack-years of 
smoking (low exposure), and ≥10 pack-years of smoking 
(medium/high exposure). Systolic (SBP) and diastolic 
(DBP) blood pressure was measured three times using 
a digital sphygmomanometer, and the average of the 
last two measurements was used. Hypertension was 
defined as SBP³140 mmHg, DBP³90 mmHg, or intake 
of antihypertensive drugs regardless of blood pressure 
values. Diabetes was defined according to the Expert 
Committee on Diagnosis and Classification of Diabetes 
Mellitus 2003, as fasting serum glucose >7.0 mmol/l (126 
mg/dl) or previous physician’s diagnosis.
 Visual acuity and pinhole visual acuity were mea-
sured using the Snellen tumbling E chart. Individuals 
were categorized according to visual acuity in the better 
eye as normal (better than or equal to 20/60), moder-
ately impaired (worse than 20/60 and equal to 20/200), 
severely impaired (worse than 20/200 and equal to 
20/400), and blind (worse than 20/400). Fasting plasma 
glucose, total cholesterol, triglycerides, HDL-cholester-
ol, LDL-cholesterol, and creatinine and albumin levels 
were determined. All analytical measurements were 
performed at the Clinical Laboratory at the Conde de 
Valenciana Institute of Ophthalmology in Mexico City.

Five-item dry eye questionnaire (DEQ-5)

For this study, a previously validated Spanish version 
of the DEQ-5 questionnaire was used.6 The DEQ-5 is 
a five-item questionnaire that measures a number of 
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symptoms along four dimensions: frequency, intensity 
in the morning, intensity late in the day, and degree of 
bother.5 The questionnaire score ranges from 0 to 22 
points, and the sum of points is categorized as follows: 
<6, no dry eye symptoms; 6 to 11, mild-moderate dry 
eye symptoms; and ≥12, severe dry eye symptoms. 
Persons in the last category must be also examined for 
the presence of Sjögren's syndrome (SS), an autoimmune 
disease that combines dry eyes, dry mouth, and other 
diseases of the connective tissues.5

Statistical analysis

Unadjusted and sex-adjusted prevalence and their re-
spective 95% confidence intervals (95%CI) for dry eye 
symptoms, both overall and by degree of severity, were 
estimated by logistic regression analysis. Comparisons 
between individuals with and without dry eye symp-
toms were carried out when appropriate, using Pearson 
chi-square test for categorical variables and analysis 
of variance (ANOVA) or the Kruskal-Wallis test for 
continuous variables. The magnitude of the association 
between dry eye symptoms and various risk factors 
across severity categories was examined by logistic 
and multinomial logistic regression models, using the 
DEQ-5 score, with the participants without dry eye as 
reference group, and calculating odds ratios (OR) and 
their 95% confidence interval (95%CI). Some of the risk 
factors for dry eye symptoms were age (continuous and 
dichotomous variable), sex, smoking status (as nominal 
variable [never, former, and current]), smoking index 
(never-smokers, <10 pack-years, and ≥10 pack-years), 
ever alcohol consumption (as dichotomous [yes/no] and 
nominal variable [never, former, and current]), diabetes 
(yes/no), antihypertensive treatment (yes/no), visual 
impairment (none, mild/moderate, and severe), and 
wearing glasses (yes/no). In a model for individuals 
with diabetes, duration of diabetes (continuous vari-
able) was added. The fit of the models was tested with 
the Hosmer-Lemeshow deciles of risk. Also, the outliers 
and influence statistics were evaluated. All analyses 
were performed with STATA 14.0 (Stata Corporation, 
College Station, Tex.).

Results
Description of the study population

The study population included 1 508 individuals (900 
women [59.6%] and 608 men [40.3%]; the mean age was 
64.7 years [s.d. 10.6]). According to the classification of 
the degree of severity of dry eye symptoms, 887 (58.8%) 
participants did not have the condition, 455 (30.2%) had 

mild/moderate symptoms, and 166 (11.0%) had severe 
dry eye symptoms. Comparison of participants across 
DEQ-5 categories showed significant differences by sex, 
occupation, wearing of glasses, visual acuity in the better 
eye, and visual function (table I). Although no significant 
differences between dry eye symptoms groups by smok-
ing status or smoking index were observed, the smoking 
index of ≥10 pack-years was more prevalent in current 
than in former smokers with mild/moderate (36.9 vs. 
13.4%, respectively) or severe dry eye symptoms (36.8 
vs. 11.8%, respectively).

Prevalence of mild/moderate and severe 
dry eye symptoms

The overall prevalence of any degree of severity of 
dry eye symptoms was 41.1% (95%CI 38.6-43.6). The 
prevalence of any severity of dry eye symptoms was 
significantly higher in women than in men (45.3% 
[95%CI 42.1-48.6] vs. 35.0% [95%CI 31.3-38.9], respec-
tively), as well as in individuals with ≥10 pack-years of 
smoking (58.4% [95%CI 48.5-67.7]) and in those with<10 
pack years of smoking (46.3% [95%CI 41.4-51.2]), com-
pared to never-smokers (36.1% [95%CI 32.6-39.8]). The 
prevalence of any severity of dry eye symptoms was also 
higher in current (42.6% [95%CI 38.7-46.5]) and former 
(45.0% [95%CI 40.3-49.8]) alcohol consumers than in 
never-consumers (35.1% [95%CI 30.6-39.8]), as well as 
in individuals with moderate visual impairment (59.4% 
[95%CI 46.8-70.9]) and severe visual impairment/blind-
ness (68.6% [95%CI 56.4-78.6]), compared to those with 
normal visual acuity (38.9% [95%CI 36.4-41.6]). A similar 
trend was observed in the prevalence of mild/moderate 
and severe dry eye symptoms (table II). Additionally, the 
prevalence of any degree of dry eye symptoms increased 
significantly with worsened visual acuity in those who 
did not wear glasses (normal vision, 34.6%; moderate 
visual impairment, 54.3%; and severe visual impair-
ment/blindness, 75.8%; p<0.001). No significant trend 
due to visual impairment was observed in participants 
who wore glasses.

Risk factors associated with the 
prevalence of dry eye symptoms

In a multiple logistic regression analysis, the odds for 
any severity of dry eye symptoms were higher in women 
(OR=2.26, 95%CI 1.70-3.00), in individuals with a smok-
ing index of <10 pack-years (OR=1.40, 95%CI 1.05-1.87) 
and ≥10 pack-years (OR=1.29, 95%CI 1.44-3.63), subjects 
with a history of ever alcohol consumption (OR=1.31, 
95%CI 1.02-1.70), and those receiving antihypertensive 
treatment (OR=1.29, 95%CI 1.00-1.65) (table III). In ad-
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Table I
Sociodemographic and clinical characteriSticS of mexican adultS aged 50

or more yearS by Severity of dry eye SymptomS. tlaxcala Study, 2013
No dry eye symptoms

N=887
Mild/moderate dry eye symptoms

N=455
Severe dry eye symptoms

N=166 P value

Age (year), mean (s.d.) 64.8 (10.5) 64.6 (10.8) 64.1 (10.6) 0.706

Sex
     Women 492 (55.5) 293 (64.4) 115 (69.3) <0.001
     Men 395 (44.5) 162 (35.6) 51 (30.7)

Level of education
     Less than elementary school  148 (16.7) 68 (15.0) 37 (22.3) 0.095
     Elementary school or higher 739 (83.3) 387 (85.0) 129 (77.7)

Occupation
     Housewife 404 (45.6)   242 (53.2) 94 (56.6) 0.019
     Farmer/trader 197 (22.2) 84 (18.4) 26 (15.7)
     Other 286 (32.2) 129 (28.4) 46 (27.7)

Type of locality
     Rural 191 (21.5) 108 (23.7) 35 (21.1) 0.616
     Urban 696 (78.5) 347 (76.3) 131 (78.9)

Smoking status
     Never 516 (58.2) 261 (57.4) 96 (57.8) 0.698
     Former 237 (26.7) 128 (28.1) 51 (30.7)
     Current 134 (15.1) 66 (14.5) 19 (11.5)

Smoking index (pack-years)
     Never-smokers 516 (58.8) 261 (57.6) 96 (57.8) 0.518
     <10 pack-years 306 (34.8) 151 (33.3) 57 (34.4)
     ≥10 pack-years 56 (6.4) 41 (9.1) 13 (7.8)

Alcohol consumption 
     Never 269 (30.3) 132 (29.0) 37 (22.3) 0.067
     Former 247 (27.9) 126 (27.7) 63 (37.9)
     Current 371 (41.8) 197 (43.3) 66 (39.8)

Diabetes Mellitus
     Yes 285 (32.1) 162 (35.6) 54 (32.5) 0.433
     No 602 (67.9) 293 (64.4) 112 (67.5)

Hypoglycemic treatment* 97 (34.0) 56 (34.6) 17 (31.5) 0.916

Hypertension
     Yes 411(46.3) 234(51.4) 89(53.6) 0.084
     No 476 (53.7) 211 (48.6) 77 (46.4)

Antihypertensive treatment* 127 (30.9) 91 (38.9) 33 (37.1) 0.100

Visual acuity in the better eye‡

     Normal 841 (94.8)    393 (86.4) 146 (88.0) <0.001
     Moderate 25 (2.8)    29 (6.4) 8 (4.8)
     Severe/blindness 21 (2.4) 33 (7.2) 12 (7.2)

Visual function score  (VF-14), median (IQR) 94.0 (78.5-100) 86.0 (62.0-96.0) 70.0 (41.5-91.0) <0.0001

Wearing of glasses
     Yes 376 (42.4) 219 (48.1) 91 (54.8) 0.005
     No 511 (57.6) 236 (51.9) 75 (45.2)

Cataract surgery history
     Yes 40 (4.5) 21 (4.6) 12 (7.2) 0.314
     No 847 (95.5) 434 (95.4) 154 (92.8)

All values are presented as frequency and percentages except when noted
ANOVA or Kruskal-Wallis test for means and medians comparisons, respectively and Pearson chi-square test for proportions comparison were applied when 
appropriate

* Treatment for subjects with diabetes and hypertension, respectively
‡ Pinhole visual acuity in the better eye was defined as follows:  normal, equal to or better than 20/60; moderate impairment, worse than 20/60 and equal to 

20/200; severe impairment, worse than 20/200 and equal to 20/400; and blindness, worse than 20/400

Missing values for smoking index by DEQ-5: <6, 9; 6 to 11, 2; and ≥12, 0; for visual function score by DEQ-5: <6, 50; 6 to 11, 34; and ≥12, 9
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Table II
prevalence (%) of Severity of dry eye SymptomS among mexican adultS aged 50

or more yearS. tlaxcala Study, 2013

Variables Mild/moderate dry eye symptoms
Prevalence (95%CI)

Severe dry eye symptoms
Prevalence (95%CI)

Any severity of dry eye symptoms
Prevalence (95%CI)

Sex
     Men 26.6 (23.3-30.3)† 8.4 (6.4-10.9)† 35.0 (31.3-38.9)‡
     Women 32.6 (29.6-35.7) 12.8 (10.8-15.1) 45.3 (42.1-48.6)
     P value† 0.014 0.008 <0.001

Smoking status*
     Never 27.4 (24.2-30.8) 9.2 (7.3-11.5) 36.5 (33.0-40.2)§
     Former 34.0 (29.1-39.2) 14.5 (11.1-18.7) 48.6 (43.3-54.0)
     Current 33.9 (27.4-41.1) 10.7 (6.9-16. 3) 45.2 (38.1-52.5)
Ptrend value 0.060 0.249 0.013

Smoking index (pack-years)
     Never-smokers 27.1 (23.9-30.5)§ 9.1 (7.2-11.4)§ 36.1 (32.6-39.8)#
<10 pack-years 32.7 (28.3-37.4) 13.2 (10.2-16.9) 46.3 (41.4-51.2)
     ≥10 pack-years 43.3 (33.6-53.6) 16.0 (9.4-25.9) 58.4 (48.5-67.7)
Ptrend value 0.003 0.024 <0.001

Alcohol consumption*
     Never 28.3 (24.2-32.9) 7.1 (5.0-9.8) 35.1 (30.6-39.8)§
     Former 29.7 (25.5-34.2) 15.1 (11.9-18.8) 45.0 (40.3-49.8)
     Current 31.6 (28.1-35.4) 10.6 (8.4-13.3) 42.6 (38.7-46.5)
Ptrend value 0.256 0.126 0.040

Visual acuity in the better eye
     Normal 28.4 (26.1-30.8)# 10.4 (8.9-12.1)§ 38.9 (36.4-41.6)#
     Moderate 46.5 (34.5-58.9) 12.5 (6.4-23.2) 59.4 (46.8-70.9)
     Severe/blindness 50.2 (38.3-62.0) 18.1 (10.5-29.3) 68.6 (56.4-78.6)
Ptrend value <0.001 0.051 <0.001

Overall prevalence 30.1 (27.8-32.5) 10.8 (9.3-12.5) 41.1 (37.6-42.6)

Sex-adjusted prevalence and its 95% CI by smoking status, smoking index, alcohol consumption, and visual acuity in the better eye were calculated by logistic 
regression analysis
†chi-square test, †chi-square test for trend
Visual acuity in the better eye was defined as follows: normal, better than or equal to 20/60; moderate impairment, worse than 20/60 and equal to 20/200; 
severe impairment, worse than 20/200 and equal to 20/400; and blindness, worse than 20/400

Table III
riSk factorS aSSociated with Severity of dry eye SymptomS among mexican adultS aged 50 or more 

yearS. tlaxcala Study, 2013

Variables
Mild/moderate dry eye 

symptoms,*‡
Severe dry eye 
symptoms*,‡

Any severity of dry eye 
symptoms§

OR (95% CI) P value OR (95% CI) P value OR (95% CI) P value

Sex (women) 2.04(1.50-2.79) <0.001 2.94 (1.87-4.63) <0.001 2.26 (1.70-3.00) <0.001
Smoking index <10 pack-years* 1.37 (1.00-1.88) 0.050 1.49 (0.96-2.31) 0.078 1.40 (1.05-1.87) 0.021
Smoking index ≥10 pack-years* 2.29 (1.39-3.78) 0.001 2.27 (1.09-4.76) 0.029 2.29 (1.44-3.63) <0.001
Ever alcohol consumption 1.17 (0.89-1.55) 0.260 1.80 (1.18-2.75) 0.007 1.31 (1.02-1.70) 0.036
Antihypertensive treatment 1.35 (1.03-1.78) 0.028 1.11 (0.74-1.66) 0.600 1.29 (1.00-1.65) 0.047

* Never-smoker as reference category
‡ Multiple multinomial regression analysis, n=1470
§ Multiple logistic regression analysis, n=1470
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dition, when the association between mild/moderate 
and severe dry eye symptoms and a smoking index of 
≥10 pack-years was evaluated by multinomial logistic 
regression, the odds remained largely unchanged 
(OR=2.29, 95%CI 1.39-3.78 and OR=2.27, 95%CI 1.09-
4.76, respectively).
 In a multiple logistic regression analysis in indi-
viduals with diabetes, the likelihood of dry eye symp-
toms was higher in women (OR=2.28, 95%CI 1.30-3.97), 
in individuals with a smoking index of ≥10 pack-years 
(OR=2.75, 95%CI 1.12-6.73), and in those with longer 
diabetes duration (OR per 5 yrs. =1.14, 95%CI 1.03-1.25). 
No difference was observed in those taking antihyper-
tensive medication (table IV).We were not able to esti-
mate the association between smoking index categories 
and moderate and severe dry eye symptoms, because of 
the small number of participants with a high smoking 
index (≥10 pack-years).

Discussion
Dry eye disease is the most frequent ocular complaint 
among the aging population and represents an eco-
nomic burden for healthcare systems.7 The diagnosis 
of this condition is often complex, because signs and 
symptoms of dry eye disease do not always correlate. 
Despite the development of many questionnaires and 
diagnostic tools, there is no gold standard. Tear film 
osmolarity is recognized as a better marker of disease 
severity compared to other methods, such as Schirmer’s 
test, tear breakup time, corneal staining, and meibomian 
gland dysfunction testing.8 However, the measurement 
of tear osmolarity or the use of other biochemical or tear 
composition markers (MMP-9, interleukins) is expensive 
and impractical in both routine clinical practice and 
population-based studies.

 The DEQ-5 is a valuable, inexpensive and simple in-
strument, useful for screening dry eye symptoms in large 
populations, as it accurately detects more severe forms 
of the disease.5,9 In the present study, the sex-adjusted 
overall prevalence of dry eye symptoms was 41.1%. The 
prevalence of dry eye reported in several population-
based studies shows a wide variability, which may be ex-
plained by differences in measuring methods as well as 
differences in individual and environmental risk factors 
between the studied populations.9–15 Prevalence ranges 
between 6%, in a population of Melbourne, Australia,  
and 50%, among Mongolian people in China.11,12 As 
for the Hispanic population, a population-based study 
found a prevalence of 18%, whereas hospital-based 
studies have reported a prevalence of 25% in Hispanic 
Americans, and 34% in Mexicans.9,13,14 Compared to re-
cent studies in Caucasian populations,  studies in Asian 
populations showed a consistently higher prevalence, 
following adjustment for age and gender.12,16,17 Given 
the high prevalence reported here, Hispanic ethnicity 
may be considered as a specific risk factor.
 Several population-based studies have reported 
an increase in the prevalence of dry eye among older 
people.3,10 Our study, however, did not find any differ-
ences by age, maybe because we included individuals 
aged more than 50 years, of whom 20% were older than 
80 years, potentially reducing thereby the age effect. We 
found that women (45.3%) had both a higher preva-
lence of dry eye (35.0%) and a more severe condition 
of the disease than men. Likewise, many studies have 
reported that women have a higher likelihood of dry 
eye symptoms than men, particularly women receiving 
estrogen replacement therapy.15 Also, women tend to re-
port more intense, frequent, and longer-duration pain, 
which may predispose a higher report of pain related 
to dry eye.18 Differences between the sexes could thus 
be explained by the interaction of biological dissimi-
larities together with psychological and sociocultural 
determinants.1,19

 With regard to smoking, we found a significant 
trend in the prevalence of mild/moderate and severe 
dry eye according to the smoking index (pack-years) 
categories that we evaluated. The relation between 
smoking and dry eye has not yet been extensively 
researched. Some studies suggest that both passive 
and active exposure increase the risk of dry eye, and 
for people with this condition, smoking is a significant 
irritant that worsens their symptoms.14 The effect of 
smoking-induced lipid peroxidation on the outer layer 
of the precorneal tear film is the most probable cause 
of tear film breakdown leading to dry eye symptoms; 
smoking reduces the blood flow and adds to the forma-
tion of clots within ocular capillaries.20

Table IV
riSk factorS aSSociated with any Severity

of dry eye SymptomS among mexican adultS 
aged 50 or more yearS with diabeteS. 

tlaxcala Study, 2013

Variables
Any severity of dry eye symptoms‡

OR (95%CI) P value

Sex (women) 2.28 (1.30-3.97) 0.004
Smoking index <10 pack-years* 1.30 (0.74-2.28) 0.364
Smoking index ≥10 pack-years* 2.75 (1.12-6.73) 0.027
Diabetes duration (per 5 yrs.) 1.14 (1.03-1.25) 0.012
Antihypertensive treatment 1.15 (0.77-1.72) 0.505

* Never-smoker as reference category
‡ Multiple logistic regression analysis, n=407
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 Alcohol consumption is another risk factor as-
sociated with the likelihood of more severe dry eye 
syndrome (in our study, OR=1.31, 95%CI 1.02-1.70).  
Not enough information on the effect of ethanol on tear 
film and ocular surface is available to suggest that al-
cohol contributes to the development of chronic ocular 
surface diseases.21 Ethanol can act both as a hyperos-
molar agent and an organic solvent for the lipid layer, 
which may also disturb cytokine production through 
various pathways, such as the thromboxane pathway, 
ultimately leading to subclinical or even overt inflam-
mation of the ocular surface.21

 On the other hand, dry eye was more frequent in 
participants with visual impairment who did not wear 
glasses compared to those who wore them. A study 
suggest that wearing glasses significantly increases the 
humidity of both normal and dry eye by 17% to 14%, 
respectively.22 Also, environmental factors such as air 
pollution and atmospheric pressure play a significant 
role in both the prevalence and the pathogenesis of the 
dry eye syndrome.23 However, air pollution was not 
of concern in the sample area. Previous studies have 
clearly demonstrated that people living in heavily 
urbanized areas have a higher likelihood of dry eye 
syndrome than those who live in rural areas.23 The state 
of Tlaxcala is located in East-Central Mexico. It is the 
smallest and one of the most densely populated states 
of the country; 78% of the population lives in urban 
areas and 22% in rural zones.  It is estimated that its 
capital city,Tlaxcala, is one of the ten most polluted 
cities in the country.
 Our data show an increased likelihood of dry eye 
symptoms linked to duration of diabetes (14% for severe 
dry eye symptoms per each 5 years) and to individuals 
with ≥10 pack-years of smoking. Dry eye symptoms in 
people with diabetes are known to occur because dia-
betic neuropathy results in reduced corneal sensitivity, 
which decreases both the reflex-induced lacrimal secre-
tion and the blink rate while increasing evaporative tear 
loss.24 In general, individuals with longer duration of 
diabetes may report fewer dry eye symptoms, even with 
increased tear osmolarity.25

 Among the limitations of our study was the type 
of design, which did not allow us to determine a causal 
association between the evaluated risk factors and dry 
eye symptoms. Another limitation relates to self-report 
of dry eye symptoms; nevertheless, several studies 
have underscored the use of self-report as a screening 
tool applicable to the general population that reflects 
the magnitude of dry eye symptoms and therefore the 
importance of this condition as a public health concern. 
For diabetic subjects, we were not able to estimate the 
effect of metabolic control on dry eye symptoms due 

to the lack of information on HbA1c. Finally, we did 
not include information about dry eye biomarkers and 
environmental exposure, which may have caused some 
residual confounding.
 In short, dry eye symptoms were common among 
adults aged 50 or more years in a specific Mexican 
population and are related to certain risk factors, such as 
smoking and alcohol consumption, which are potentially 
modifiable with appropriate public health interventions. 
Further studies will help determine the variability in the 
prevalence of dry eye symptoms in Mexican population 
as well as assess the impact of this condition on the qual-
ity of vision and, consequently, of life.
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