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Abstract

Background Hormonal contraceptives (HCs) are a known risk factor for dry eye disease (DED), yet the relationship between
HCs use and DED in women of child-bearing age remains debatable. The aim of this study was to determine the association
between HCs and DED in females of reproductive age.

Methods This was a retrospective cohort study using data from IQVIA’s electronic medical record (IQVIA, USA).
4,871,504 women (age 15-45) between 2008 and 2018 were followed to the first diagnosis of DED as defined by an ICD-9/
10 code. DED cases also required at least two prescriptions of cyclosporine or lifitegrast topical drops within 60 days of the
first code. The date of the first code was designated as the index date. Regular HCs users needed to have at least two
prescriptions in both the first year and second year prior to the index date. For each case, five controls were selected and
matched to cases by age and follow-up time. A conditional logistic regression model was used to adjust for confounders of
DED and to calculate odds ratios (ORs).

Results HCs users were at a higher risk for DED than non-users. Regular users of HCs were more likely to develop DED
(ORs =2.73, 95% CI [2.21-3.73]) than irregular users. Those who used a greater number of HCs were at a higher risk for DED.

Conclusions This study indicates an increased risk of DED with HCs use in women of child-bearing age.

Introduction

Dry eye disease (DED) is a chronic, multifactorial ocular
surface disease characterised by symptoms of eye dis-
comfort, ocular dryness, irritation, and fluctuating vision
[1]. Women are disproportionally affected by DED, with a
global prevalence rate of ~20%, and are diagnosed at an
earlier age compared to men [2, 3]. In addition, women
report greater intensity, frequency and duration of symp-
toms compared to their male counterparts [3]. DED is a
serious public health concern, with studies demonstrating
corneal complications leading to visual compromise [4],
psychological distress [5], and economic burden [6] in
women with untreated DED. Annually, DED is estimated to
cost the healthcare system over 3.8 million dollars [7].
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One of the risk factors for DED is the use of hormonal
contraceptives (HCs) [8], and worldwide, an estimated 800
million women of reproductive age use some form of HCs
[9]. A study by Schaumberg et al. looked at women who
were either never (never used HCs) or ever (used HC at
some point from baseline to 3 years of study follow-up)
users of HCs and found the risk for developing DED to be
significantly higher for each 3-year increase in duration of
HCs use [10]. However, the authors were not able to
address whether the number of different HCs used influ-
ences the risk of DED nor control for confounders such as
other medical conditions and medications that are known to
be associated with dry eye syndrome [11-14]. The aim of
this study was to investigate associations between DED and
HCs utilisation in a large cohort of women of child-
bearing age.

Materials and methods
This was a retrospective cohort study with a case-control

analysis (nested case-control study) as this methodology is
most practical for pharmacoepidemiologic studies that
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examine the effect of a time-dependent exposure (HCs use)
over time [15]. Data were obtained from the IQIVA
Ambulatory EMR database (IQVIA, USA), which contains
medical records of over 74 million patients from the United
States of America. These records, which include informa-
tion on patient age, sex, race, geographical location and
medical diagnosis (ICD-9/10 codes), were acquired from
more than 100,000 physicians and from all 50 states. The
database also contained relevant prescription drug infor-
mation such as drug name and strength, the number of
refills, and the start and stop dates.

Our study cohort comprised of 4,871,504 women (age
15-45) between 2008 and 2018 who were followed to
diagnosis of DED or latest available time in the database.
DED cases were defined as those with a first ICD-9
(375.15) or ICD-10 (H04.121, H04.122, H04.123, H04.129,
H16.221 H16.222 H16.223) code for unspecified tear film
insufficiency, dry eye syndrome of unspecified lacrimal
gland, dry eye syndrome of right lacrimal gland, dry eye
syndrome of left lacrimal gland, dry eye syndrome of
bilateral lacrimal glands, keratoconjunctivitis sicca of right
eye, keratoconjunctivitis sicca of left eye and kerato-
conjunctivitis sicca bilateral. DED cases also had to have at
least two prescriptions of cyclosporine or lifitegrast topical
drops within 60 days of the first code to capture sympto-
matic patients where artificial tears would not have been
sufficient. The date of the first code was designated as the
index date or date of diagnosis. For each case, five controls
from the database who did not use any HCs and had no
diagnosis of DED were selected using density-based sam-
pling and matched to the cases by age and follow-up time.

Those who received at least two prescriptions in both the
first year and second year prior to the index date were
classified as regular contraceptive users, and anyone who
did not meet the criteria for regular use were classified as
irregular contraceptive users. Regular users were further
subclassified to recent users (those who received at least one
prescription in days 0-90) and past users (those who had
received at least one prescription in days 91-365 prior to the
index date). The HCs included were combined oral con-
traceptives, medroxyprogesterone injection, etonogestrel
vaginal ring and intrauterine levonorgestrel. Given that
intrauterine levonorgestrel prescriptions can last for several
years, in our study, they were assumed to have last for at
least 1 year and therefore were not included in the classi-
fication for regular nor irregular use. Confounding variables
of DED were selected for if they satisfied the criteria of a
true confounder (i.e. they were causes of both the exposure
(hormonal contraceptive use) and the outcome (DED)) [16]
and these included thyroid disease, autoimmune disorders,
and use of tricyclic antidepressants, isotretinoin, and beta
blockers. Smoking was not adjusted for as only 5% of the
subjects were smokers. A conditional logistic regression

Table 1 Characteristics of cases and controls.

Cases Controls

Number 1799 7196
Age (mean £s.d.) 35.0+5.7 35.0+5.7
Body Mass Index 26.8+£5.7 28.0+5.8
Follow-up 22+22 22422
Conditions (N (%)):

Hypothyroidism 163 (9.1) 426 (9.6)

Hyperthyroidism 8 (0.4) 28 (0.4)

Rheumatoid arthritis 52 (2.9) 52 (0.7)

Sjogren’s 58 (3.2) 16 (0.2)

Lupus 35 (2.0) 39 (0.5)
Drugs (N (%)):

Tricyclic antidepressants 106 (5.9) 177 (2.5)

Isotretinoin 10 (0.6) 7 (0.1)

Beta blocker 115 (6.4) 262 (3.6)

model was used to adjust for DED confounders and to
calculate odds ratios (ORs). All ORs were compared to
subjects with no HCs use. All analyses were done using
SAS version 9.4. Approval for the study was obtained by
the University of British Columbia’s Clinical Research
Ethics Board.

Results

There were 1,799 DED cases and 7196 controls (Table 1).
Both cohorts had similar covariate distributions and a mean
age of 35.0 £5.7. There was an increased risk of DED with
regular HCs use (ORs =2.73, 95% CI [2.21-3.73]) com-
pared to irregular use (ORs = 1.80, 95% CI [1.58-2.04])
(Table 2). Among regular users of HCs, recent users who
had at least one prescription in days 0-90 prior to the index
date were at a higher risk for DED (ORs =2.79, 95% CI
[2.05-3.74]) compared to regular users who used at least
one prescription in days 91-365 prior to the index date
(ORs =2.70, 95% CI [2.06-3.54]). The risk for DED also
increased with the number of different types of HCs used,
with a ORs of 1.66 (95% CI [1.42-1.94]) among women
who used 1-2 HCs, and a ORs of 2.16 (95% CI
[1.74-2.69]) for those who used 3-4 HCs. Women who
used more than four different types of HCs were at greatest
risk, with a ORs of 2.35 (95% CI [1.98-2.79]).

Discussion
This is the first population-based study to investigate the
association of DED with the duration and quantity of HCs

use. There was an increased risk of DED in all HCs users,
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Table 2 Adjusted® Odds Ratios (ORs) of cases of dry eye disease with
respect to regular exposure of contraceptives 1 year prior to index.

Cases Controls Odds ratios 95% CI

Number of subjects 1,799 7,196
No use of HC (%) 60.42 74.47 1.00 Reference
PRegular use of HC (%) 10.01 4.70 2.73 2.21-3.73

Recent use 445  2.00 2.79 2.05-3.74

(0-90 days)

Past use 91days+ 556 270 2.70 2.06-3.54
“Irregular use of HC (%) 29.57 20.83 1.80 1.58-2.04
Risk with number of prescriptions

1-2 HC 16.84 12.73 1.66 1.42-1.94

3-4 HC 7.84 475 2.16 1.74-2.69

>4 HC 1490 8.05 2.35 1.98-2.79

*Adjusted for variables in Table 1.

PRegular use of HCs was defined as at least 2 HCs prescriptions in first
year prior to index, and at least 2 HCs prescriptions in the second year
prior to index date. All HCs except for intrauterine levonorgestrel were
included.

“Irregular use included anyone who were not classified as regular
users of HC. All HCs except for intrauterine levonorgestrel were
included.

and regular users had a higher risk for DED than irregular
users. Among women who used HCs regularly, recent use
was associated with a higher risk for DED than past use. In
addition, women who took a greater number of different
types of HCs were at a higher risk for DED than women
who took fewer prescriptions.

While previous studies in the literature have reported on
the relationship between dry eye syndrome and hormone
replacement therapy, results have been conflicting. Chen
et al. conducted a study on tear osmolality and dry eye
symptoms in women using oral contraception and contact
lenses, and concluded that neither oral contraceptive pills
use nor oestrogen dose of the pills had any significant effect
on tear osmolality and dry eye symptoms [17]. In this study
however, tear osmolarity, an objective DED marker, was
measured only once, even though the literature recommends
at least three consecutive measurements for greater relia-
bility [18]. Similarly, other studies have found no difference
in Schirmer I or tear breakup time between women using
OCP and controls [19, 20]. At the same time however, some
authors have reported increased risk of DED with HCs use
[21-23] while others have noted the opposite [24, 25].
Nevertheless, none of these studies have specifically eval-
uated the time-dependency or quantitative effects of HCs
and DED.

The tear film on the ocular surface is composed of three
layers, with the outer lipid layer produced by meibomian
glands, the middle aqueous layer secreted by lacrimal
glands and the inner mucin layer supplied by conjunctival
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goblet cells. Dry eye syndrome occurs when there is
decreased aqueous tear production or excessive tear eva-
poration [26]. While the exact pathophysiologic mechanism
underlying HCs use and DED remains unclear, sex steroids
hormones, including oestrogens, androgens, and progestins,
are thought to be implicated in DED pathophysiology [27].
Specifically, oestrogen receptors are known to be found on
meibomian glands [28], and oestrogen administration may
promote suppression of meibomian gland function [29].
Furthermore, oestrogen have been reported to decrease the
activity, lipid production and size of sebaceous glands,
possibly by promoting the release of lysosomal enzymes
within sebocytes that lead to premature cellular destruction
and attenuated sebum elaboration [30]. Similarly, proges-
terone in mice studies has been observed to be a key player
in altering gene expression and molecular processes of
lacrimal and meibomian glands [29, 31].

Androgen deficiency, as seen in menopause, aging and
Sjogren’s syndrome, is associated with meibomian gland
dysfunction, including acinar cell atrophy and ductal epi-
thelium hyperkeratinisation [32]. This leads to significant
alterations to the chemical composition and lipid profiles of
the glandular secretions [33], resulting in decreased tear film
stability and evaporative dry eye [30]. In fact, patients who
take anti-androgen therapy are more likely to have a greater
frequency of tear film debris, an abnormal tear meniscus,
and reduced tear film breakup time compared to age-
matched controls [34, 35]. Androgens are also partially
responsible for the function and structure of the lacrimal
gland via the regulation of gene transcription [36], and
reduced serum androgen levels were associated with
inflammatory changes of the lacrimal gland, leading to
aqueous-deficient dry eye [36, 37]. Interestingly, the
secretory function of lacrimal glands does not seem to be
influenced by androgen level nor lacrimal gland size as an
increase in tear volume has been reported in castrated male
rats [38] while no changes in lacrimal secretion were noted
in ovariectomized female rabbits despite lacrimal tissue
regression [39]. Finally, a significant reduction in the
numbers of conjunctival goblet cells have been observed
following castration of male rabbits, suggesting a potential
role for androgen in the production of the mucin layer [40].
Evidently, more research is needed to clarify the relation-
ships of these hormones and DED and what influence do the
hormones have on tear film production and quality.

In summary, we found that longer duration and higher
quantities of HCs use are significantly associated with
greater likelihood of developing DED. The strengths of our
study include the large sample size and the control of
potential confounders variables. We were also able to
quantify the risk of DED and also confirm with a dose
response analysis that greater number of HCs increase the
risk of DED. Limitations of this study include the lack of
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power for different dosages and content formulation of
HCs, as well as uncontrollable confounders such as contact
lens wear and refractive surgeries. As well, this study did
not examine mild cases of dry eye for which topical lubri-
cation alone was sufficient. Further studies are needed to
confirm the associations observed and elucidate whether
different dosages or formulations of HCs impart a greater
risk for DED.

Summary
What was known before

e Hormonal contraceptives (HCs) are a known risk factor
for DED.

e The relationship between HCs use and DED in women
of child-bearing age remains debatable.

What this study adds

e There is an increased risk of DED with HCs use in
women of child-bearing age.

e Longer duration and higher quantities of HCs used
increases the risk of DED.
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