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Purpose: The present study aimed to determine the relationship of non-modifiable (rheumatoid arthritis, thyroid 
diseases, and arterial hypertension) and modifiable risk factors (diuretics, antidepressants, or anxiolytics tran
quilizers) with the different Dry Eye Disease (DED) diagnostics in a sample adjusted by antihistamines intake. 
Methods: A total of 400 participants were included in a cross-sectional study. Before a dry eye examination, 
participants completed an online self-administered OSDI questionnaire with six additional questions about 
possible DED risk factors. The Tear Film and Ocular Surface Society Dry Eye Workshop II (TFOS DEWS-II) 
diagnostic criteria of DED was used. Based on signs and/or symptoms, participants were divided into 4 
groups: No DED, Pre-clinical DED, Predisposition to DED and DED. Since the symptom scores would have been 
altered by the use of antihistamines, the analysis of each outcome was adjusted for this factor, where those 
participants were assumed to be symptomatic. 
Results: Multivariable logistic regression found thyroid disease as a possible risk factor for DED (OR 4.53, 95 % CI 
1.04–19.73; Fisher’s exact, p = 0.044; Cramerś V = 0.140, p = 0.024). No association was found between the 
studied parameters and Pre-clinical DED (Fisher’s exact, all p ≥ 0.398; Cramerś V, all p ≥ 0.242) or Predispo
sition to DED (Fisher’s exact, all p ≥ 0.065; Cramerś V, all p ≥ 0.031). 
Conclusion: Participants with thyroid disease were more likely to develop DED, therefore, thyroid disease could 
be a risk factor for DED.   

The Tear Film and Ocular Surface Society Dry Eye Workshop (TFOS 
DEWS-II) has defined dry eye disease (DED) as a”multifactorial disease of 
the ocular surface characterized by a loss of homeostasis of the tear film, and 
accompanied by ocular symptoms, in which tear film instability and hyper
osmolarity, ocular surface inflammation and damage, and neurosensory 
abnormalities play etiological roles” [1]. The prevalence range of DED 
based on symptoms and signs has been estimated to vary between 8.7 
and 42.0 %; although if studies that involve symptomatic participants 
with or without DED signs were considered, the range varies between 
5.0 and 50.0 % [2–4]. 

An extensive list of DED risk factors has been reported by the liter
ature, including age, sex, video displays use, Sjögren syndrome, envi
ronmental pollution, low humidity, systemic diseases, and many 
medications like antihistamines or anxiolytics among others [2]. Re
searchers like McMonnies and Ho in 1987 designed a dry eye 

questionnaire that involves items about age, sex, primary and secondary 
dry eye symptomatology frequency and medication intake [5]. Those 
authors were concerned that the origin of DED could be influenced by 
systemic factors and their medical management [5]. The physiopa
thology and treatment of systemic diseases like rheumatoid arthritis, 
and thyroid disease can impact the normal function of the ocular surface 
[2,6], while medication for treating common diseases like allergy or 
depression has side effects that affect the ocular surface function [2,7]. 
These disorders and the medication for their treatment are commonly 
prescribed in daily clinical practice and may be important risk factors for 
DED due to their high prevalence: 6.7 % for thyroid diseases and be
tween 0.5 and 0.7 % for rheumatoid arthritis, 31.5 % for high blood 
pressure, and 0.9 to 28.3 % for anxiety [8–11]. Moreover, asthma and 
atopic dermatitis are the two most prevalent disorders in the field of 
allergies, with prevalence values of 4.3 % for children, and 8.6 % for 
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adults with asthma symptoms, and a prevalence of atopic dermatitis in 
children between 15.0 and 20.0 %, and in adults between 1.0 and 3.0 % 
[12,13]. 

The present study aimed to establish if there is a link between DED 
and its risk factors, whether non-modifiable (rheumatoid arthritis, thy
roid diseases, and arterial hypertension) or modifiable (diuretics, anti
depressants, or anxiolytics tranquilizers) in a sample adjusted by 
antihistamines intake. 

1. Methods 

1.1. Study and sample design 

A total sample of 400 participants was analysed in a cross-sectional 
study. All attended the Optometry Clinic referred by the Medical Ser
vice of the institution to examine their dry eye-related complaints. 
Before referral, the Medical Service screened for dry eye symptoms using 
the McMonnies questionnaire, which is an easy-to-use tool to identify 
patients at risk for DED [5,14]. 

Prospective participants were contacted by the Optometry Clinic via 
mail and, after completing an online, self-administered, OSDI ques
tionnaire with six additional questions, an appointment was scheduled. 
The six additional questions were about possible clinical risk factors for 
DED, as suggested by McMonnies and others [5,14]: rheumatoid 
arthritis, thyroid diseases, arterial hypertension, use of antihistamines, 
use of diuretics, and use of tranquilizers (antidepressants or anxiolytics). 
All participants signed an informed consent form to be included in the 
study. The present study adhered to the tenants of the Declaration of 
Helsinki and was approved by the Bioethics Committee of the institu
tion. Based on the criteria of the TFOS DEWS-II Diagnostic Methodology 
Subcommittee, a battery of tests was performed to discriminate the 
possible diagnosis in each participant: OSDI questionnaire, tear osmo
larity, tear film break-up time (TFBUT), and corneal staining [1,15,16]. 
All procedures were performed by the same observer, who was unaware 
of the results of the questionnaire. The data were masked by an alpha
numeric code for subsequent analysis. 

1.2. TFOS DEWS-II tests battery and diagnostic 

The OSDI questionnaire was self-administered by an online form 
[17]. A TearLab osmometer (TearLab, San Diego, USA) was used to 
measure the tear film osmolarity [18]. Slit-lamp Topcon® SL-D4 with a 
DC-4 video camera (TOPCON Corporation, Tokyo Japan) attached, and 
non-preserved fluorescein was used for measuring TFBUT and corneal 
staining [19,20]. A video of each slit-lamp procedure performed was 
recorded for the post-analysis. Both eyes of every participant were 
measured in all procedures. 

The diagnostic tests cut-off values for the DED diagnosis were OSDI 
≥ 13, tear osmolarity ≥ 308 mOsm/L, TFBUT < 10 s, and corneal 
staining (Oxford grade) ≥ 2 [15]. 

Following TFOS DEWS-II diagnostic criteria, participants were 
divided into four possible diagnoses based on the presence of the 
different combinations of signs and symptoms: No DED, Pre-clinical 
DED, Predisposition to DED or DED (Table 1). 

1.3. Statistical analysis 

SPSS statistical software v.25.0 for Windows (SPSS Inc., Chicago, 
USA) was used for data analyses. Significance was set at a p ≤ 0.05 for all 
the analyses. Participants were grouped depending on their diagnosis 
based on TFOS DEWS-II criteria and included in the corresponding 
groups (Table 1). Odds ratios (OR) along with 95 % Confidence Intervals 
(CI) were estimated to represent the magnitude of the identified asso
ciations between the risk factors studied and the differential diagnosis 
groups established. Due to the categorical nature of the data, a Chi- 
squared design was used to compare by pairs the outcomes of the risk 

factors presented in the different diagnostics; Fisher’s exact test was 
performed to assess the association between risk factors and the differ
ential diagnosis [21]. Multivariable logistic regression was conducted. 
Cramerś V was calculated to evaluate correlations with categorical data. 
Since the symptom scores could have been altered by antihistamine use 
(therefore potentially lowering the diagnostic classification of patients), 
the analysis was adjusted for this factor by assuming these participants 
to be symptomatic. 

2. Results 

From the 400 recruited participants, the distributions of the differ
ential diagnoses were: 56 participants as No DED (14 % of the total; 
Mean age ± SD = 24.3 ± 10.6 years; 46.4 % men; OSDI score ± SD = 6.0 
± 3.6), 30 participants as pre-clinical DED (7.5 % of the total; Mean age 
± SD = 32.6 ± 16.3 years; 30 % men; OSDI score ± SD = 26.4 ± 12.6), 
107 participants as predisposed to DED (26.75 % of the total; Mean age 
± SD = 35.1 ± 17.4 years; 27.1 % men; OSDI score ± SD = 7.0 ± 3.5) 
and, 207 participants as DED (51.75 % of the total; Mean age ± SD =
46.2 ± 15,2 years; 18.8 % men; OSDI score ± SD = 31.7 ± 14.3). 

2.1. Risk factors analyses on No DED vs Pre-clinical DED participants 

Table 2 shows the distribution of the No DED and Pre-clinical DED 
participants, adjusted by antihistamine intake, based on the presence or 
absence of risk for the studied risk factors. Both univariate and multi
variable regression showed that Pre-clinical DED participants were not 
likely to be under any of the risk factors studied compared to the No DED 
group (Fisher’s exact test, all p ≥ 0.257, Table 2). In addition, no cor
relation between any of the studied risk factors with a Pre-clinical DED 
differential diagnosis was obtained (Cramerś V analyses, all p ≥ 0.281, 
Table 2). 

2.2. Risk factor analyses on No DED vs Predisposition to DED participants 

Table 3 shows the distribution of the No DED and DED participants, 
adjusted by antihistamines intake, based on the presence or absence of 
risk for the studied risk factors. Only on the univariate comparison was it 
found that participants in the Predisposition to DED group were more 
likely to have arterial hypertension (OR 7.16, 95 % CI 0.91–56.19; 
Fisher’s exact test p = 0.023) than the No DED group. In addition, a 
correlation was obtained between arterial hypertension and Predispo
sition to DED differential diagnosis (Cramerś V = 0.177, p = 0.031, 
Table 3). No correlation was obtained between the other studied risk 
factors and a Predisposition to DED differential diagnosis (Cramerś V 
analyses, all p ≥ 0.500, Table 5). 

Table 1 
TFOS DEWS-II criteria. DED = Dry eye Disease.  

Differential 
diagnosis 

Symptoms Signs 

No DED OSDI score 
< 13 

All conditions 
must be filled 

- Osmolarity in one eye <
308 mOsm/l- Osmolarity 
difference between eyes <
8 mOsm/l- TFBUT ≥ 10 s- 
Corneal staining (Oxford 
Scale) < 2 grade 

Pre-clinical dry 
eye state 

OSDI score 
≥ 13  

Predisposition to 
dry eye 

OSDI score 
< 13 

Only one 
condition must 
be filled 

- Osmolarity in one eye ≥
308 mOsm/l- Osmolarity 
difference between eyes ≥
8 mOsm/l- TFBUT < 10 s- 
Corneal staining (Oxford 
Scale) ≥ 2 grade 

DED OSDI score 
≥ 13   
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2.3. Risk factor analyses on No DED vs DED participants 

Table 4 shows the distribution of the No DED and DED participants, 
adjusted by antihistamines intake, based on the presence or absence of 
risk for the studied risk factors. Compared to the No DED group, DED 
participants were more likely to have thyroid diseases when both uni
variate (OR 4.65, 95 % CI 1.08–20.04; Fisher’s exact test p = 0.014) and 
multivariable (OR 4.53, 95 % CI 1.04–19.73; Fisher’s exact test p =
0.044) regressions were performed. Also, on univariate analysis, the 
number of participants with arterial hypertension and using tranquil
izers (antidepressants or anxiolytics) seemed to be statistically higher in 

the DED, than the No DED group (Fisher’s exact test, both p ≤ 0.048, 
Table 4). A weak correlation was obtained between thyroid disease and 
a DED differential diagnosis (Cramerś V = 0.140, p = 0.024, Table 4). No 
correlation was obtained between the other risk factors studies with a 
DED differential diagnosis (Cramerś V analyses, all p ≥ 0.057, Table 4). 

3. Discussion 

Antihistamines are usually prescribed in conditions such as allergic 
rhinitis and conjunctivitis, where previous reports have found that they 
decrease TFBUT values and increase conjunctival staining by lowering 

Table 2 
Distribution of the No DED and Pre-clinical DED participants adjusted by antihistamine intake based on the presence or absence of risk for the studied risk factors. DED 
= Dry eye Disease. OR = Odds Ratio. CI = Confidence Intervals.      

Univariate logistic 
regression 

Multivariable logistic 
regression 

Crameŕs V   

No DED Pre-clinical DED OR (95 % CI) p OR (95 % CI) p Value p 
Risk Factor  n = 46 n = 40       
Rheumatoid Arthritis Yes 1 3 3.65 (0.36, 36.56) 0.257 2.64 (0.29, 30.43) 0.436 0.124 0.242 

No 45 37 
Thyroid Disease Yes 2 4 2.44 (0.42, 14.12) 0.274 2.30 (0.33, 15.80) 0.398 0.111 0.305  

No 44 36 
Arterial Hypertension Yes 1 2 2.37 (0.21, 27.15) 0.447 1.53 (0.10, 23.42) 0.751 0.077 0.476  

No 45 38 
Use of diuretics Yes 1 1 1.15 (0.07, 19.07) 0.465 – 1.000 0.116 0.281  

No 45 39 
Use of tranquilizers (antidepressants or anxiolytics) Yes 1 2 2.37 (0.21, 27.15) 0.447 1.32 (0.79, 21.93) 0.846 0.077 0.476  

No 45 38  

Table 3 
Distribution of the No DED and Predisposition to DED participants adjusted by antihistamines intake based on the presence or absence of risk for the studied risk 
factors. DED = Dry eye Disease. OR = Odds Ratio. CI = Confidence Intervals.      

Univariate logistic 
regression 

Multivariable logistic 
regression 

Crameŕs V   

No 
DED 

Predisposition to 
DED 

OR (95 % CI) p OR (95 % CI) p Value p 

Risk Factor  n = 46 n = 102       
Rheumatoid Arthritis Yes 1 2 0.90 (0.08, 

10.18) 
0.676 0.28 (0.14, 5.80) 0.413 0.007 0.932  

No 45 100       
Thyroid Disease Yes 2 6 1.38 (0.27, 7.09) 0.523 0.97 (0.17, 5.53) 0.974 0.031 0.702  

No 44 96       
Arterial Hypertension Yes 1 14 7.16 (0.91, 

56.19) 
0.023 8.70 (0.87, 

86.81) 
0.065 0.177 0.031  

No 45 88       
Use of diuretics Yes 1 1 0.01 (0.03, 7.28) 0.689 – 1.000 0.055 0.500  

No 45 101       
Use of tranquilizers (antidepressants or 

anxiolytics) 
Yes 1 6 2.81 (0.33, 

24.06) 
0.301 2.71 (0.31, 

24,06) 
0.372 0.081 0.436  

No 45 96        

Table 4 
Distribution of the No DED and DED participants adjusted by antihistamines intake based on the presence or absence of risk for the studied risk factors. DED = Dry eye 
Disease. OR = Odds Ratio. CI = Confidence Intervals.      

Univariate logistic 
regression 

Multivariable logistic 
regression 

Crameŕs V   

No DED DED OR (95 % CI) p OR (95 % CI) p Value p 
Risk Factor  n = 46 n = 212       
Rheumatoid Arthritis Yes 1 9 2.00 (0.25, 16.15) 0.441 1.49 (0.17, 12.94) 0.771 0.041 0.696  

No 45 203       
Thyroid Disease Yes 2 37 4.65 (1.08, 20.04) 0.014 4.53 (1.04, 19.73) 0.044 0.140 0.024  

No 44 175       
Arterial Hypertension Yes 1 25 6.02 (0.79, 45.58) 0.033 5.06 (0.66, 39.07) 0.120 0.049 0.057  

No 45 187       
Use of diuretics Yes 1 8 1.76 (0.22, 14.47) 0.203 – 1.000 0.083 0.181  

No 45 204       
Use of tranquilizers (antidepressants or anxiolytics) Yes 1 23 6.29 (0.83, 47.59) 0.048 4.36 (0.56, 33.87) 0.160 0.114 0.090  

No 45 181        
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the aqueous and mucin production of the lacrimal glands and goblet 
cells [22,23]. Since antihistamines intake can also affect symptom
atology, participants in the present study could be miscategorized, if 
their symptoms are supressed by antihistamine use. To address this, data 
were analysed after including all these participants in the symptomatic 
group. 

In the present research, only thyroid disease was found to be a risk 
factor for DED when the univariate and the multivariable logistic re
gressions were performed, with ORs of 4.65 (95 % CI 1.08–20.04) and 
4.53 (95 % CI 1.04–19.73) respectively. Thyroid disorders are highly 
prevalent, endocrine conditions that affect the function of most organs 
in the body, and it is one of the most frequent complications of preg
nancy and endocrine disorder in infants or children [24,25]. This con
dition did not seem to be a non-modifiable risk factor in the Pre-clinical 
or Predisposition DED status groups however. 

Researchers like Galor et al. [26] also found thyroid disease to be a 
DED risk factor and together with the present results, this could imply 
that thyroid disease has more effect during advanced dry eye conditions, 
rather than in the early stages of the disease [27,28]. It has already been 
stated that gender plays an important role as a risk factor for DED and as 
thyroid hormones are implicated in the development of DED it is note
worthy that female gender is also a risk factor for thyroid disease 
[9,29,30]. 

No other potential risk factors for DED were identified in the current 
research after performing multivariable logistic regression. Other work 
in this area has been equivocal, with some studies showing that arterial 
hypertension could be a potential risk factor for DED [26,31,32], while 
others, such as Yu et al., [27] did not find an association between arterial 
hypertension and severe dry eye signs. 

Tranquilizers include antidepressants and anxiolytics, both of which 
are antimuscarinic agents that have been shown to affect aqueous and 
mucous secretions, leading to an alteration of tear film stability [23]. 
Previous reports found the use of tranquilizers to be a risk factor for DED 
[26,32,33]. Nevertheless, the multivariable logistic regression of the 
present study did not show statistically significant results for this risk 
factor. 

A principal limitation of the study could be that factors like rheu
matoid arthritis and the use of diuretics were not well represented 
among the study data. In both cases, the sample size showed few cases 
for each condition, therefore there was low power to generate significant 
ORs as possible risk factors of DED. A larger, representative sample in 
which participants with rheumatoid arthritis and diuretics intake are 
more strongly represented, should be recruited in future studies. 

Another limitation could be the possible misclassification of partic
ipants with a neurotrophic condition or neuropathic pain in the Pre- 
Clinical and Predisposition to DED groups, which could have influ
enced risk factor identification in those groups. Moreover, Pre-clinical 
DED participants are “healthy” individuals that have dry eye symp
tomatology (OSDI ≥ 13), but these may be due to other common, 
external factors such as the overuse of video display terminals, smart
phones, etc [1,34] and so not directly DED related. 

4. Conclusion 

In conclusion, a group of non-modifiable and modifiable, possible 
risk factors of DED and their association with its three possible states, as 
proposed by the TFOS DEWS-II Diagnostic Methodology Subcommittee, 
were studied in the present research: no risk factor was identified in the 
Pre-clinical DED or Predisposition to DED groups, whereas participants 
with thyroid disease were at greater risk of being included in the DED 
group. 
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functional status in primary Sjögren’s syndrome. Arthritis Care Res 2012;64(11): 
1760–4. https://doi.org/10.1002/acr.21738. 

[7] Bron AJ, de Paiva CS, Chauhan SK, Bonini S, Gabison EE, Jain S, et al. TFOS DEWS 
II pathophysiology report. Ocul Surf 2017;15(3):438–510. https://doi.org/ 
10.1016/j.jtos.2017.05.011. 

[8] Almutairi K, Nossent J, Preen D, Keen H, Inderjeeth C. The global prevalence of 
rheumatoid arthritis: a meta-analysis based on a systematic review. Rheumatol Int 
2021;41(5):863–77. 

[9] Garmendia Madariaga A, Santos Palacios S, Guillén-Grima F, Galofré JC. The 
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