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Abstract: Background: Smoking cigarettes is associated with many chronic illnesses such as cancer, heart diseases, and
cataract. In addition, smokers are more likely to develop dry eye symptoms compared with nonsmokers. Purpose: To assess the
tear evaporation rate in chronic smokers using a VapoMeter. Materials and Method: This observational, case-control and nonrandomized study included one hundred and twenty male smokers that ranged in age from 18 to 43 years (mean ± SD =
25.4±5.8 years). An age (18-43 years) matching control group (120 male subjects), with a mean age of 26.1±5.2 years
participated in the study. Each participant completed the ocular surface disease index dry eye questionnaire, then a VapoMeter
was used to determine the tear evaporation rate. Result: Significant (Kolmogorov-Smirnov test; p<0.05) differences were
found between the average scores collected from the ocular surface disease index and the tear evaporation rate measurements
within the smokers and nonsmokers groups. The average tear evaporation rate was significantly (p<0.05) higher in the study
group [median (interquartile range; IQR) = 37.7 (59.3) g/m2h] compared with that obtained in control group [15.4 (13.1)
g/m2h]. Moreover, the average score from the ocular surface disease index in smokers was significantly (p<0.05) higher [15.4
(13.1)] compared with that obtained in the control group [5.4 (5.5)]. Conclusion: Smokers have significant higher tear
evaporation rates compared with nonsmokers and normal eye subjects. Clearly, VapoMeter can be used as a reliable tool to
assess the eye dryness due to excessive evaporation of tears. Smoking is a risk factor for cancer, heart diseases, and cataract. In
addition, smoking is a risk factor for eye dryness and contributes to evaporative dry eye disease, more likely due to the
disturbance in the non-polar lipid layer within the tear film. Lipid-rich eye drops could be used to manage dry eye symptoms in
smoker subjects. Moreover, smoking cessation remains the single most effective prophylactic measure to avoid dry eye
symptoms.
Keywords: Smokers, Dry Eye, Tear Evaporation Rate, Evaporative Dry Eye, VapoMeter

1. Introduction
Tobacco consumption has increased over the years and has
become a major public concern. Tobacco contains many toxic
chemicals and, as a result, is responsible for the death of
more than eight million globally every year [1, 2]. The
consumption of tobacco is declining in Europe and North

America and slightly increasing in Eastern Europe and Asia.
The number of smokers is estimated to be in the range of 1.1
billion in which the majority of them live in poorer countries
[1]. Cigarettes are the most common method of tobacco
consumption. Smoking is a risk factor for various chronic
illnesses, such as cancer, heart diseases, and cataract [3-8]. In
addition, association between smoking and dry eye
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symptoms has been suggested [9-12]. Smokers can develop
dry eye symptoms by a factor of 1.44 compared with
nonsmokers [13].
Dry eye syndrome is a common ocular disease that affects
around 5–35% of the world population [14, 15]. Evaporative
and aqueous deficient dry eye are very common resulting
mainly due to the dysfunctions of the Meibomian and
lacrimal glands, respectively [16]. Eye dryness leads to a
discomfort that affects the quality of life. Such discomfort
can be evaluated using dry eye questionnaires (e.g. the ocular
surface disease index, OSDI) [17]. Several diagnostic tests
have been used to the assess eye dryness in terms of the
quality and quantity of tears [18-24].
The measurement of tear evaporation rate (TER) can
provide useful information about the tear film stability and
degree of eye dryness [25]. The TER test is a noninvasive
and valuable technique to assess tear dynamics and can be
used to differentiate between dry eye symptoms due to either
aqueous or lipid tear deficiency [26, 27]. For normal eye, the
TER is the range of 19-21g/m2 h (0.04-0.07µl/min) [28].
There are various techniques that can be used to measure the
TER, such as infrared thermography which has been used to
measure TER and monitors its variation over time [29].
Spectral interferometry is used to measure the precorneal tear
film thickness and its thinning between blinks [30], while
VapoMeter is a dermatology device used to measure the
trans-epidermal water loss and evaporation rate [31]. The
current study assessed the TER among smokers using Delfin
VapoMeter, a light, portable device that does not need to be
calibrated daily, can be used in all angles, is not sensitive to
ambient airflows, and involves only a few seconds to perform
the measurement [32]. Delfin VapoMeter is currently used
efficiently to assess the TER in subjects with thyroid gland
disorders [32].
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performed three times with two readings obtained in each
case. In the first reading, both eyes were opened and blinking
normally, while, in the second reading, the test was
conducted with both eyes closed. Two minutes were applied
as a gap between tests. The TER was calculated by
subtracting the reading when both eyes were closed from the
reading where both eyes were opened so as to obtain the
average. Evaporative dry eye condition was defined for a
TER of more than 25g/m2h [32, 34]. The TER tests were
carried out in a room where the temperature (22 °C) and
humidity level (less than 35%) were controlled.
The data were collected in Excel (Microsoft Corporation,
Redmond, WA, USA) and were analyzed using the SPSS
statistical software package (IBM, Armonk, NY, USA).

3. Results
The age was normally distributed (Kolmogorov–Smirnov
test; p˃0.05) in smokers and nonsmoker groups and the
average was presented as mean ± SD. The data obtained from
the OSDI sheets and TER tests were abnormally distributed
(Kolmogorov–Smirnov test; p<0.05) and the average was
presented as median (interquartile ranges; IQR). The
averages for the age, the OSDI scores and TER
measurements are shown in Table 1. The side-by-side
boxplots for the OSDI and TER scores in the smoker and
nonsmoker groups are shown in Figures 1 and 2,
respectively.
Table 1. The averages for the age, OSDI scores, and TER measurements
(p<0.05).
Score
Age (year)
OSDI*
TER (g/m2h)*

Smokers group (n=120)
25.4±5.8
18.8 (8.8)
37.7 (59.3)

nonsmoker group (n=120)
26.1±5.2
5.4 (5.5)
15.4 (13.1)

2. Materials and Methods
This observational, case-control and non-randomized study
included one hundred and twenty male smokers. The age of
the smoker subjects ranged from 18 to 43 years (mean ± SD
= 25.4±5.8 years). In addition, an age (18-43 years) matching
control group (120 male subjects), with an average of
26.1±5.2 years, participated in the study. An informed written
consent was obtained from each participant prior to
conducting the study. The study was approved by the College
of Applied Medical Science Ethics Committee and the
participants were treated based on Helsinki Declaration [33].
The exclusion criteria included subjects having a risk factor
for dry eye, contact lens wearers, those who had
abnormalities in the eyelids, had undergone recent ocular
surgeries, consumed medication, had diabetes, a high level of
cholesterol, a high body mass index, thyroid disorders, and
anemia.
The OSDI dry eye questionnaire was completed first by all
participants in which a score of less than 13 was defined as a
normal eye [17]. The measuement of TER using a VapoMeter
(Delfin Technologies UK Limited, Surrey, UK) was

Figure 1. Side-by-side boxplots for the ocular surface disease index scores
(p<0.05).

Figure 2. Side-by-side boxplots for tear evaporation rate measurements
(p<0.05).
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The average of TER was significantly (KolmogorovSmirnov test; p<0.05) higher in smokers [median
(interquartile range; IQR) = 37.7 (59.3) g/m2h] compared
with that obtained within control group [15.4 (13.1) g/m2h].
Moreover, the OSDI average score was significantly
(Kolmogorov-Smirnov test; p<0.05) higher [15.4 (13.1)] in
smokers compared with nonsmokers [5.4 (5.5)]. The OSDI
score ranged from 2.1 to 55.0 and from 1.0 to 30.0 for the
smokers and nonsmokers groups, respectively. For smokers
group, the TER scores ranged from 5.5 to 131.0g/m2h and
from 5.9 to 35.7g/m2h for the control group. The TER
measurements showed that 85 smokers (70.8%) had higher
reading compared with normal level, indicating a dry eye
condition. Similarly, the OSDI scores showed that 82
smokers (68.3%) indicated discomfort as a result of eye
dryness. There was a medium correlation (r=0.451; p=0.039)
between the OSDI scores and TER measurements.

4. Discussion
The current study suggests an association between
cigarette smoking and dry eye symptoms based on the OSDI
scores and the TER test measurements. Such results are
consistent with previously reported findings, but using a
different tear evaporimeter. For example, the TER measured
by a tear evaporimeter (KAO Corporation) among chronic
smokers (n=15) who consumed 20 cigarettes a day for long
duration (20 years) showed a significant (p<0.001) increase
in the TER scores, lipid layer interferometry measurements,
and hemoglobin carbon dioxide level and a reduction in the
tear break-up time (TBUT) scores [35]. In smokers, the
average scores of TER was 7.7±0.2 × 10-7g/cm2 per second
compared with 2.5±0.9 × 10-7g/cm2 per second among
normal eye subjects [35]. However, there was no significant
(p>0.05) difference in the Schirmer’s test scores between
smokers and nonsmokers [35].
The tear film stability among healthy subjects exposed to
cigarette smoke in a controlled environment was investigated
[36]. The TER, TBUT, vital staining scores and tear lipid
spread time in passive smokers were significantly (p<0.05)
worse compared with the scores obtained pre-exposure to
cigarettes smoke [36]. For example, the average TER
measured using a tear evaporimeter (KAO Corporation) was
1.8±1.2g/cm2 per second before exposure to smoke compared
with 3.3±2.0g/cm2 per second after 5 min of smoke exposure
[36]. Similar results were obtained among soft contact lens
wearer who were exposed to passive cigarette smoke [37].
The TER was significantly (p<0.05) higher in contact lens
wearer compared with non-contact lens wearer after exposure
to cigarette smoke [37].
Smoking had a negative effect on the tear film stability [9,
38-41]. For example, the study conducted on 30 smokers and
30 nonsmokers showed a significant difference in the
McMonnies scores (p=0.020), TBUT test scores (p=0.036),
and tear ferning (TF) test grades (p=0.001) between smokers
and nonsmokers [9]. Another study indicated that smokers
(n=50) had significantly (p<0.001) lower scores from the

TBUT and Schirmer tests compared with nonsmokers [38].
The degree of dry eye severity was found to be dependent on
the number of cigarettes smoked daily [38]. In addition, the
OSDI scores were found to be significantly (p<0.001) higher
among female smokers (n=63) compared with nonsmokers
[39].
A study conducted on sixty (33 male and 27 female) heavy
smokers who had smoked cigarettes for at least five years
showed significant (p<0.05) differences in the scores
obtained from the TBUT, conjunctival sensitivity, and central
corneal sensitivity compared with those obtained among
nonsmokers [42]. For the Schirmer test and goblet cell
densities, there were no significant (p>0.05) differences
between smoker and nonsmoker groups [42]. Smoking seems
to affect the spreading of lipids layer since normal subjects
showed smooth spread of lipids layer (grade 1 and 2)
compared with smokers (grade 3 to 4). A higher grade of
lipids is an indication of dry eye symptoms [42]. It seems
likely that smoking tends to damage the precorneal tear film
lipids layer through lipid peroxidation due to generation of
free radicals [42]. The tear film polar lipids layer, which
contains wax, cholesterol esters, and triglycerides, acts as an
interface between the air and tear film and tends to reduce the
TER significantly [43]. It has been suggested that the
thickness of the lipids layer has an inverse relationship with
the TER [43] with the disturbance in the lipids layer of tear
film believed to be responsible for the high TER among
smokers [43]. The interaction between aqueous and mucin
layers acts as a barrier for evaporation of tears [43]. In
contrast, another study suggested that the thickness of tear
film lipids layer does not decrease in smokers, but the tear
thinning rate increases [44].
The study has some limitations in which the harsh
environmental factors, such as high degree of humidity and
temperature, that any of the subjects might experience just
before the measurements took place was not assessed. In
addition, the subjects were only male and from Riyadh City.
Therefore, a future study is still needed to overcome the
limitations associated with the current study and to prove
further the association between smoking and dry eye
symptoms.

5. Conclusion
Smokers have significant higher tear evaporation rates
compared with nonsmokers and normal eye subjects. Clearly,
VapoMeter can be used as a reliable tool to assess the eye
dryness due to excessive evaporation of tears. Smoking is a
risk factor for cancer, heart diseases, and cataract. In
addition, smoking is a risk factor for eye dryness and
contributes to evaporative dry eye disease, more likely due to
the disturbance in the non-polar lipid layer within the tear
film. Lipid-rich eye drops could be used to manage dry eye
symptoms in smoker subjects. Moreover, smoking cessation
remains the single most effective prophylactic measure to
avoid dry eye symptoms.
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