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Purpose: To explore the relationship between symptomatic dry eye and circadian typology in college students.
Methods: This study included 269 students from 3 Chinese universities. All participants completed the ocular surface disease index 
(OSDI) questionnaire, the morningness-eveningness questionnaire (MEQ), and the Pittsburgh sleep quality index (PSQI) question-
naire. Participants were grouped into 3 types by the reduced MEQ (rMEQ) score:E-Type, N-Type, and M-Type. All these parameters 
were then analyzed for the effect on the severity of dry eye.
Results: The occurrence rates of poor sleep quality (PSQI>5) and symptomatic dry eye (OSDI > 13) in the college students were 
53.2% and 40.2%, respectively. The distribution of the circadian typology differed significantly among the college students with 
different dry eye severities (χ2 = 59.44, P = 0. 000), and E-type was associated with the most severe dry eye symptoms. The 
OSDI and PSQI scores were both significantly different among college students with different chronotypes (F = 22.14, P = 0.000; 
F = 15.21, P = 0.000; respectively). For both scores, the E-type scored the highest, followed by N-type, and M-type was the 
lowest. The circadian typology was an independent factor for dry eye. The risk of E-Type was 6.99 times higher than that of 
M-Type (P = 0.000), and the risk of N-types was 3.23 times higher than that of M-Type (P = 0.000). Sleep quality was also an 
independent risk factor for dry eye (P = 0.000). Gender and awareness of dry eye were not risk factors for dry eye.
Conclusion: The severity of dry eye symptoms and sleep quality were associated with different circadian typologies. The more the 
circadian preference tended to be E-type, the worse the sleep quality and the more serious dry eye symptoms would appear.
Keywords: circadian typology, college students, dry eye, sleep disorder

Introduction
Dry eye is a multifactorial disease that affects the ocular surface and tear film. Patients can present with symptoms 
including dryness, itching, coarseness, pain, light sensitivity, and blurred vision, which may significantly affect their daily 
life.1 In 2019, a nationwide clinical multicenter dry eye epidemiology survey conducted in China revealed that the 
prevalence of dry eye was as high as 57.6% among the 31,124 volunteers.2 Thus, dry eye is recognized as a substantial 
global public health and financial burden.1

The prevalence of dry eye is also high in the college student population. Asiedu et al reported that the prevalence of 
symptomatic dry eye was as high as 44.3% among the 650 college students.3 In addition, more and more evidence shows 
that lifestyle is an important risk factor for dry eye development.4 Both poor sleep quality and psychological distress can 
contribute to symptomatic dry eye, which can, in turn, exacerbate the original psychological distress as well as sleep 
disorders.5 Moreover, these risk factors are related to the circadian rhythms. Circadian rhythms play important roles in 
the regulation of biological functions, including sleep/wake preference, body temperature, hormone secretion, etc. 
Disturbances in circadian rhythms can lead to chronic diseases and sleep disorders.6
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Circadian rhythms in humans manifest as a complex phenotype with many physiological processes, of which the most 
prominent circadian rhythms in mammals are sleeping and waking.7 Circadian phase preference shows large differences 
in both biological and behavioral parameters, and different circadian rhythms lead to different sleep and activity times. 
This characteristic is reflected by the Circadian Typology (CT).8 CT is generally considered as an individual trait with 
a genetic basis. It is also influenced by external factors and varies across the lifespan, which reflects the different 
chronobiological phenotypes due to individual variation in circadian rhythms.9 Based on the circadian preferences, there 
are three distinct chronotypes: the morning type (M-Type), the evening type (E-Type) and neither type (N-Type).10 

M-Type is more efficient and active during the first half of the day, while the E-Type has difficulty getting up in the 
morning and requires more time to reach optimal levels of mental and physical efficiency. N-Type exhibits intermediate 
features with no apparent circadian preference.10 This interindividual variation affects our biological and psychological 
functioning, not only in health but also in disease.8 Studies have found that biological rhythms vary among students, such 
as when they get up, when they sleep, or when they feel the best.9

However, whether different types of CT are related to dry eye in college students has not been studied. It is of 
prospective significance to study the relationship between CT and dry eye in the student population. This cross-sectional 
study aims to investigate the association between dry eye and the chronotype, so that preventive interventions can be 
taken in the future to reduce the prevalence of dry eye in the student population.

Patients and Methods
Survey Procedure and Data Collection
This study was a cross-sectional questionnaire-based survey conducted among students from 3 Chinese universities. Data 
collection started in September and ended in December 2021 (4 months). Inclusion criterion was college students who 
were willing to participate in this study. Exclusion criteria included: (1) any active external ocular diseases, (2) history of 
ocular surgery, (3) history of ocular trauma, (4) other eye diseases, (5) long term or frequent use of contact lens, (6) 
cognitive dysfunction. In total, 352 students were randomly selected and requested to complete the questionnaire. The 
study assistants contacted the students and conducted a survey including demographic data, dry eye symptoms, potential 
risk factors for dry eye disease, sleep quality, CT, and awareness of dry eye (Ever heard of dry eye). The final dataset 
included a total of 269 subjects. The gender of the students was determined due to random sampling. The age range 
ranged from 19–25 years (Table 1).

Table 1 Characteristics of the Study Population (n=269)

Total Number Circadian Typology χ2 P

M-Type N-Type E-Type

Total 269 93(34.6%) 137(50.9%) 39(14.5%)

Gender
Female 175(65.1%) 55(59.1%) 95(69.3%) 25(64.1%) 2.56 0.279

Male 94(34.9%) 38(40.9%) 42(30.7%) 14(35.9%)

Dry eye symptom (OSDI)
Normal 143(59.8%) 71(76.3%) 61(44.5%) 11(28.2%) 59.44 0.000

Mild 52(11.9%) 12(12.9%) 33(24.1%) 7(17.9%)

Moderate 34(12.6%) 6(6.5%) 25(18.2%) 3(7.7%)
Severe 40(14.9%) 4(4.3%) 18(13.1%) 18(46.2%)

Sleep quality (PSQI)
Good sleep 126(46.8%) 59(63.4%) 58(42.3%) 9(23.1%) 20.25 0.000
Poor sleep 143(53.2%) 34(36.6%) 79(57.7%) 30(76.9%)

Ever heard of dry eye
Yes 211(78.4%) 71(76.3%) 106(77.4%) 34(87.2%) 2.10 0.351

No 58(21.6%) 22(23.7%) 34(22.6%) 5(12.8%)

Abbreviation: OSDI, ocular surface disease index.
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This study was conducted in accordance with the tenets of the Declaration of Helsinki and approved by the Ethical 
Committee of Beijing Tongren Hospital. Informed consent was obtained from all participants.

CT
The morningness-eveningness questionnaire (MEQ) is one of the most widely used questionnaires for determining the 
type of CT.10 Reduced MEQ (rMEQ) is the shortened 5-item version of the standard 19-item MEQ, including sleeping 
and waking hours, peak time, morning alertness, and self-assessment of chronotype (Figure 1). rMEQ accounts for 
83% of the total variance of the original MEQ and has advantages of simplicity and stability, and thus was used to 
assess the chronotype in the current study.11 The first four questions were scored 1–5, and question 5 was scored 0–6. 
The total score ranged from 4 to 26. Participants were grouped into 3 types by the rMEQ score:E-Type (<12 points), 
N-Type (12–17 points), and M-Type (>17 points).

Sleep Quality
The Pittsburgh sleep quality index (PSQI) questionnaire is a scale for assessing sleep quality. It examines 7 components 
of sleep quality over the past month: subjective sleep quality, sleep latency, sleep duration, sleep efficiency, sleep 
disturbance, sleeping pill use, and disorders in daily activities. The 7 components were derived from 19 self-rated 
questions in the questionnaire, and each component was scored 0–3. The total score ranged from 0–21. Participants were 
grouped into 2 types by the PSQI score:good sleepers (0–4 points) and poor sleepers (>4 points).12

Dry Eye Symptoms
The ocular surface disease index (OSDI) questionnaire is a validated dry eye questionnaire, which measures the severity, 
symptoms, functional problems, and environmental triggers of dry eye in the past week. It provides a rapid assessment of 
the discomfort symptoms, which are consistent with dry eye severity and their effect on the visual function. The OSDI 
contains 12 items, with each item scored 0 to 4. The final score of the OSDI is the sum of the scores of all questions 
answered multiplied by 25, and then divided by the total number of questions answered. Participants were grouped into 4 
categories by the OSDI score: normal (0–12 points), mild dry eye symptoms (13–22 points), moderate dry eye symptoms 
(23–32 points), and severe dry eye symptoms (33–100 points).13

Statistical Analysis
All statistical analyses were performed using SPSS V.25.0 (SPSS, Chicago, IL) statistical package. The proportion of 
subjects with different severities of dry eye, different sleep quality and different circadian typology in the study 
population was expressed by N (%), and the comparison among groups was conducted by Chi-squared test. The total 
scores of OSDI and PSQI in M-Type, N-Type and E-Type were described as means ± standard deviation (SD). The 
comparison of the severity of dry eye symptoms among the three groups was conducted by one-way ANOVA, and the 
pairwise comparison between groups was analyzed by LSD-t or Tamhane’s T2 test. Multiple-ordinal logistic regression 

Figure 1 Questionnaire of rMEQ in this study. 
Abbreviation: rMEQ, reduced morningness-eveningness questionnaire.
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was used to analyze the effect of different factors on the severity of dry eye. A p-value lower than 0.05 was considered 
statistically significant in all analyses above.

Results
The occurrence rate of poor sleep quality (PSQI>5) and symptomatic dry eye (OSDI > 13) in college students were 
53.2% and 40.2%, respectively. The dominant CT type in college students was N-Type (50.9%), followed by M-Type 
(34.6%), and E-Type were the least (14.5%). The distribution of the CT differed significantly among the college students 
with different dry eye severities (χ2 = 59.44, P = 0. 000), and E-type was associated with the most severe dry eye 
symptoms. In addition, the distribution of the CT also differed significantly among the college students with different 
sleep quality (χ2 = 20.25, P = 0. 000), and the college students with poor sleep quality was more likely to be E-type. 
There was no significant difference in CT distribution between different gender (χ2 = 2.56, P = 0.279) or different degrees 
of dry eye awareness (χ2 = 2.10, P = 0.351) (Table 1).

The mean OSDI and PSQI scores of college students with different chronotypes were significantly different 
(F = 22.14, P = 0.000; F = 15.21, P = 0.000; respectively). E-type scored the highest, followed by N-type, and 
M-type was the lowest for both scores (Table 2).

The CT was an independent risk factor for the development of dry eye. The risk of E-Type was 6.99 times higher than 
that of M-Type (P = 0.000), and the risk of N-types was 3.23 times higher than that of M-Type (P = 0.000). Sleep quality 
was also an independent risk factor for dry eye (P = 0.000). Gender and awareness of dry eye were not risk factors for dry 
eye (Table 3).

Table 2 Differences in PSQI and OSDI Scores of Different Circadian Typology

Circadian 
Typology

Number OSDI Score PSQI Score

Mean SD F P Mean SD F P

M-Type 93 7.92 13.73 22.14 0.000 4.08 3.04 15.21 0.000

N-Type 137 15.49 15.05 5.36 2.72
E-Type 39 27.54 20.90 7.18 3.75

Total 269 14.62 16.79 5.18 3.15

Abbreviations: PSQI, Pittsburgh sleep quality index; OSDI, ocular surface disease index; SD, standard deviation.

Table 3 Multivariate Logistic Regression of Potential Predictive Factors of Dry 
Eye Symptom

Variable B SE Wald χ2 OR (95%Cl) P

Gender
Male – –

Female 0.346 0.271 1.631 1.41(0.83–2.40) 0.202
Circadian typology

M-Type – –

N-Type 1.171 0.306 14.626 3.23(1.77–5.88) 0.000
E-Type 1.944 0.408 22.642 6.99(3.14–15.55) 0.000

PSQI 0.290 0.046 40.517 1.33(1.22–1.46) 0.000

Ever heard of dry eye
No – –

Yes −0.060 0.314 0.036 0.94(0.51–1.75) 0.850

Abbreviations: SE, standard error; OR, odds ratio; CI, confidential interval; PSQI, Pittsburgh sleep 
quality index.
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Discussion
The study on circadian rhythm has made rapid progress in the past 20 years, and the difference between M-Type and 
E-Type in the CT can be reflected by personality characteristics, habits and lifestyle.8 Adolescence is the critical period 
when CT shifts from M-Type to a more pronounced E-Type.14,15 Compared with pre-adolescence children, adolescents 
tend to stay up late, get up later in the morning and sleep longer on weekends.16 Delayed sleep-wake phase disorder 
caused by circadian rhythm disorder accounts for 10% of patients with chronic insomnia, and is especially common in 
adolescents, with an incidence of 7%-16%.17 Therefore, it is particularly important to pay attention to adolescents with 
E-type. A cross-sectional study involving 79,866 subjects showed that dry eye was particularly common among people 
aged 20–30 with mental illness, sleep apnea, depression and other risk factors for dry eye.18 Our study showed that the 
occurrence rate of symptomatic dry eye (OSDI > 13) was 40.2% in college students. Most students were N-Type 
(50.9%), followed by M-Type (34.6%) and then E-Type (14.5%). The severity of dry eye symptoms (OSDI score) and 
sleep quality (PSQI score) were associated with different chronotypes. The more the circadian preference tended to be 
E-type, the worse the sleep quality and the more serious dry eye symptoms would appear.

Impaired light hygiene may be a relevant factor in the development of dry eye and sleep disturbance. Compromised 
light hygiene, as due to decreased time outdoors, and increased screen time in the evening, drives circadian phase delay 
and later sleep, decreasing sleep quality.19,20 Ishizawa et al21 have found that the proportion of deep sleep was 
significantly reduced in the blue light exposure group (P < 0.01), suggesting that blue light exposure affects sleep 
quality by decreasing the proportion of deep sleep. Saxvig et al22 conducted a large cross-sectional study in 3920 high 
school students between 16 and 17 years old and found that E-type individuals used electronic media more in bed 
compared with other chronotypes. A long-time video terminal use will shorten the tear film breakup time, resulting in or 
aggravating the dry eye.23 The similar circadian changes can also be linked with the decreased light perception due to 
certain eye disease that can be facilitated in individuals with the certain gene polymorphisms, eg, melatonin receptor, 
MTNR1B.24–26 In addition, poor light hygiene can be linked with unhealthy diet patterns and vitamin D deficiency that 
are also linked with dry eye risks.27

Circadian rhythm and sleep homeostasis interact precisely with each other to determine the sleep/wake times. And 
the mismatch of them can lead to sleep deprivation and sleep disorders, which may be a risk factor for dry eye. 
Previous studies have shown that compared with M-type, E-type is more likely to have difficulty falling asleep, have 
reduced sleep time and sleep efficiency, and have nightmares, insomnia and other sleep quality deterioration,28–30 

which is consistent with our results. E-type shows more severe dry eye symptoms, which may be related to sleep 
deprivation. Hakki Onen et al31 found that rapid eye movement sleep deprivation induced a significant increase in rats’ 
responses to harmful mechanical, thermal and electrical stimuli. In a cross-sectional study, it was proposed that 
shortened sleep time could be an independent risk factor for dry eye with water deficiency, and a long-time use of 
video terminals and excessive pressure were risk factors for dry eye with excessive evaporation.4 A study conducted by 
Vitale et al32 in college students showed that the sleep quality of E-type was lower than that of M-type on weekdays, 
while the sleep quality and quantity of E-type reached the same level with other chronotypes on weekends. Their result 
might be related to the fact that the fixed study schedule of school is not synchronized with the students’ individual 
chronotype.33 E-type individuals may accumulate sleep deprivation during the weekdays and then recover from it 
during their “free days” on weekends. This “social jet lag” is common in our current society and has been confirmed to 
be linked to depression.34

Previous studies have shown that compared with M-type college students, E-type was not only characterized by poor 
sleep quality, but also by excessive anxiety and higher susceptibility to mental diseases. In addition, depression, mood 
disorders, and anxiety symptoms are also correlated with the severity of dry eye symptoms.35–37 Serotonin level affects 
the regulation of circadian preference,38 and is also associated with depression caused by abnormal rhythm, which means 
that it may play a role in the association between dry eye and chronotypes. Serotonin is a neurotransmitter known to be 
involved in nociceptor sensitization and is present in human tears.39 Elevated serotonin level is reported to be associated 
with signs and symptoms of dry eye disease, and the concentration of serotonin level is higher in tears of patients with 
dry eye symptoms and reduced tear secretion.39
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Our study has several limitations. First, we investigated the relationship between dry eye symptom scores and the 
chronotypes in the population of college students. These participants may have different characteristics, such as specific 
family background, economic level and control over their daily work and rest time. Second, the signs of dry eyes in the 
students were not examined, and these variables will be further evaluated in our future studies.

Despite these limitations, the current results are instructive, and they indicate that optimization of students’ schedules 
and adherence to personal circadian preference can avoid sleep deprivation and emotional disorders caused by disturbed 
circadian preference and reduce the impact of dry eye on college students. Schools should consider aligning class hours 
with the students’ individual chronotypes when possible. Students should also learn about their chronotype as early as 
possible so that they can better arrange their classes and consider taking jobs that can synchronize with their chronotype 
in the future to reduce the occurrence of disease. In addition, it is suggested that supportive treatment for sleep disorders 
as well as emotional and mental disorders may be an important means for the prevention and treatment of dry eye.
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