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Abstract

Purpose: Exfoliation syndrome (XFS), the most common recognizable cause of open-angle 

glaucoma worldwide, is a systemic disorder with genetic predisposition due to variations in 

lysyl oxidase-like 1 (LOXL1) function, leading to altered elastin matrices in ocular and systemic 

tissues. Obstructive sleep apnea (OSA) is a highly prevalent disorder also involving elastic tissue 

dysfunction and has been found to be associated with glaucoma. Due to similarities between the 

disorders, we sought to uncover any relationship in the prevalence of these diagnoses.

Design: Case-control retrospective cohort study.

Subjects: A cohort of 81,735 patients diagnosed with OSA at ages 50–90 years were identified 

from medical records from 1996 to 2017 in the Utah Population Database. Case subjects were 

matched to random controls on to sex and birth year in a 4:1 ratio.

Methods: International Classification of Diseases, Ninth Revision (ICD-9) codes or their ICD-10 

equivalent were used to define a diagnosis of OSA (ICD-9 327.23) and a diagnosis of XFS (ICD-9 

365.52 and 366.11). Conditional logistic regression odds ratios accounting for individual matching 

on sex and birth year was used to estimate the risk of XFS in OSA patients. Models included 

adjustment for race, obesity, tobacco use, hypertension, atrial fibrillation, and chronic obstructive 

pulmonary disease.

Outcome: Whether OSA patients have an increased risk of diagnosis of XFS compared with 

non-OSA population controls.

Results: There was an increased risk of an XFS diagnosis in OSA patients compared with 

non-OSA controls (OR = 1.27; 95% CI, 1.02–1.59; P = 0.03). In a stratification of patients by 
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hypertension diagnosis history, OSA patients with hypertension exhibited an increased risk of XFS 

compared to non OSA controls with hypertension (OR = 2.67; 95% CI, 2.06–3.46; P <0.0001).

Conclusions: Patients with OSA may be at an increased risk of XFS compared to non-OSA 

diagnosed individuals, particularly in patients with a history of hypertension.

Introduction

Exfoliation syndrome (XFS) is a systemic age-related elastin disorder recognized by the 

presence of fibrillary material in the anterior segment of the eye. It has a known association 

with exfoliative glaucoma (XFG),1 as well as zonular weakness, cataract, central retinal 

vein occulsion, and lens dislocation.1 Systemic diseases associated with this elastin-related 

disorder have also been reported by our group and others, including pelvic organ prolapse, 

atrial fibrillation (AF), chronic obstructive pulmonary disease (COPD), inguinal hernia, as 

well as cardiovascular and cerebro-vascular disease.2,3,4,5,6

XFS has a genetic basis, with the lysyl oxidase-like gene (LOXL1) variants associated 

with abnormal extracellular matrix (ECM) material production and deposition, and elastin 

repair.4 XFS has been hypothesized to be associated with chronic low-grade oxidative stress 

in the anterior segment of the eye with deposition of extracellular microfibrils.7,8 Markers 

of oxidative stress include increased prooxidant-antioxidant balance8, and endothelin-1.9 

The prevalence has been reported to increase in higher latitudes,10 as high as 10% in 

Scandanavian populations,11 but is also common to those in Greece (11%),12 Celtic 

populations and throughout the middle east.13 XFS progresses to XFG in some patients 

and the risk is increased with increasing age.14 XFG has been observed to involve higher 

baseline intraocular pressure (IOP) and to require more IOP lowering medications than those 

for primary open angle glaucoma to control progression.15 Additionally, cataract surgical 

management of patients with XFS and XFG can be complicated by capsular tear, zonular 

dehiscence, and vitreous loss.16

Obstructive sleep apnea (OSA) is a common disorder affecting at approximately 22% 

of men and 17% of women worldwide,17 although some analyses have concluded that 

the prevalence may be much higher.18 Severity increases with age, male sex, and higher 

body-mass index (BMI).18 Other factors including family history, menopause, craniofacial 

abnormalities and health behaviors such as cigarette smoking and alcohol use may also play 

a role.10 OSA is caused by the partial or total collapse of upper airways during sleep. In 

patients with OSA, airway patency is maintained by the pharyngeal muscles during awake 

hours, but due to an anatomically small upper airway that relaxes and collapses during sleep, 

changes in airflow occur, leading to frequent arousals during sleep.19 The gold-standard 

method for diagnosing OSA is overnight polysomnography.20 Severity of OSA increases 

with age and increasing BMI.21 OSA is also associated with systemic diseases such as 

hypertension and atrial fibrillation (AF).22,23 Hypertension and obesity may also influence 

progression of AF in patients with OSA.24 Untreated OSA is associated with systemic 

hypertension, cardiovascular disease, and derangements in glucose metabolism.25,26,27

There is a notable and complex association of both XFS and OSA with hypertension 

(HTN). Population studies have shown a dose dependent relationship between OSA severity 
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and blood pressure, (even when controlling for concurrent diseases such as obesity, 

age and sex).28,29,30,31,32 The mechanisms linking OSA to HTN are theorized to be 

the intermittent hypoxia leading to heightened sympathetic nervous system response,33 

and oxidative stress, driving subsequent damage to endothelial cells, peripheral arterial 

constriction and stiffening.34 Other mechanisms involved with OSA and hypertension 

include increased inflammation, increase in the renin-angiotensin aldosterone system, and 

increased endothelin,35 all factors now recognized to play a role in glaucoma.36,37,38 

Both OSA and glaucoma39 are associated with vascular endothelial dysfunction.40 A 

healthy functioning vascular endothelium is necessary to maintain vascular homeostasis 

and the balance of anti-inflammatory, pro-inflammatory, and coagulation pathways. HTN 

is associated with increased risk of glaucoma41 and exfoliation syndrome42,43 as well as 

nighttime drops in blood pressure.44,45 Pathogenic mechanisms common to OSA and XFS 

are shown in Figure 1. While the causal mechanisms linking OSA and HTN are still being 

investigated, it appears that the interaction is bidirectional with the one reinforcing the other. 

For the purposes of our current analysis, it is sufficient to recognize that HTN and OSA 

modulate one another and this may impact and influence the clinical presentation of XFS. 

We theorize that the underlying oxidative stress and inflammation caused by OSA, alone or 

in combination with HTN, may place patients at higher risk of presenting with XFS, based 

on an underlying genetic predispostion.

We examined a large population database, which has successfully demonstrated systemic 

associations in the past, to determine whether there are associations between OSA and XFS, 

and to report the strength of these associations.

Methods:

Utah Population Database

The Utah Population Database (UPDB) is a research resource located at the University of 

Utah that contains electronic data records for more than 11 million individuals who currently 

reside in or have had an event recorded in Utah (e.g. a birth, marriage, death, medical record, 

or genealogy record).46 Contained within the UPDB are vital records data from birth and 

death certificates from the early 1900s and electronic medical claims data beginning in 1996 

from statewide inpatient hospital and ambulatory facility records, as well as links to the 

clinical records of a statewide system of hospitals and clinics, University of Utah Health 

Care (UUHC). Approval to conduct this study was obtained from the University of Utah 

Institutional Review Board (00081512) and the Resource for Genetic and Epidemiologic 

Research, the body that governs research use of UPDB data. All data was de-identified and 

HIPAA compliant per the tenets of the Declaration of Helsinki.

Study Population

Using the UPDB, the electronic medical records (EMR) of 2.2 million UUHC patients 

and statewide medical discharge data from Utah inpatient and ambulatory facilities were 

interrogated over an 18-year period (1999–2017) to identify an OSA cohort of 81,735 

patients ages 50 through 90 years at time of index diagnosis based on International 

Classification of Diseases, Ninth Revision (ICD-9) code 327.23 (obstructive sleep apnea) 
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or the ICD-10 equivalent (G47.33) beginning in October, 2015. A comparison (“control”) 

group of individuals with no diagnosis of any form of sleep apnea were randomly selected 

from the UPDB and individually matched based on sex and birth year in a 4:1 ratio to OSA 

patients.

An XFS cohort of 2,943 patients ages 50–90 years diagnosed from 1996 – 2015 was 

previously identified based on ICD-9 codes 365.52 (exfoliation glaucoma) or 366.11 

(exfoliation of lens capsule) as described.5 For comparison, 14,713 control subjects for were 

individually matched on sex and birth year to XFS patients in a 5:1 ratio. Each control was 

required to have follow up in Utah that was at least as long as their respective matched study 

patient, based on the latest event recorded in the UPDB.

Study Outcome

The risk of having had an XFS diagnosis (including exfoliation glaucoma, XFG) in patients 

with a diagnosis of OSA in comparison to risk of XFS in their respective matched controls 

without a history of sleep apnea..

Statistical Methods

Odds ratios (OR) were calculated from conditional multivariable logistic regression models 

to estimate the risk of XFS in OSA patients compared to birth- and sex-matched 

controls. A model including adjustment covariates for race, obesity, hypertension, tobacco 

use, hypertension, atrial fibrillation (AF), and chronic obstructive pulmonary disease 

(COPD) diagnosis history was analyzed. First-order interactions (multiplicative scale) were 

examined between covariates potentially related to both OSA and XFS, including: obesity, 

hypertension, tobacco use, AF, and COPD. Race was recorded as as a binary variable 

(nonwhite vs. white) and obesity according to body mass index (BMI) derived from height 

and weight in drivers license data in UPDB corresponding to the time that was closest 

to a case diagnosis of OSA. Body mass index was categorized as non-obese (BMI <30), 

obese (BMI≥ 30), or BMI unknown. A binary hypertension history variable was identified 

in the medical record based on a presence of an ICD-9 code (or ICD-10 equivalent) for 

hypertension (401.0 malignant, 401.1 benign, or 401.9 unspecified) vs. no indication of 

hypertension. Similarly, tobacco use was designated by the medical record codes, 305.1 

and V15.82 which corresponded to any tobacco use disorder and history of tobacco use, 

respectively, versus no tobacco use. History of AF was determined by a diagnosis of ICD-9 

code 427.31 and COPD history was determined by diagnosis code 491.22 in the medical 

record. The software package SAS 9.4 (SAS Institute Inc, Cary, NC) was used for all 

statistical analyses.

Continuous positive airway pressure (CPAP) Pilot

Given that the diagnosis of OSA based on diagnosis codes in administrative databases may 

be misclassified, we sought to identify a pilot subset in our OSA patient cohort, defined 

by ICD-9/-10 code, who had either a physician order for either a CPAP machine and/or 

certification of CPAP compliance in UUHC sleep-wake clinic records. Accordingly, a subset 

of 6,275 OSA patients with CPAP was available to examine the risk of XFS in comparison 

to their respective, non-OSA controls as a robustness check of our OSA cohort definition..
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Results

Study Participants

The characteristics of the OSA patient cohort and matched controls are shown in Table 1. 

Years of follow-up and race did not differ significantly between patient cohort and sex- and 

birth year-matched controls. The mean age at index diagnosis for OSA in patients was 64.6 

years and mean diagnosis age among all XFS patients was 74.9 years (Supplemental Table 

S1), which is consistent current published demographic data.18,47 In the OSA cohort, the 

mean age of onset of XFS was 71.5 (SD ±8.38) years. In the XFS cohort, the mean age of 

onset of OSA was 71.8 (SD ±9.56) years. Most subjects had at least 10 to 20 or more years 

of follow-up. At study end, OSA patients were less likely to be living compared to controls. 

The majority of study subjects were white, consistent with the Utah population. Where BMI 

was available, OSA patients were more often obese compared to their non-OSA counterparts 

(45.9% vs 20.3%). Patients with OSA were also more likely than control subjects to have 

a history of tobacco use (18.5% vs 14.6%). Patients with OSA had a significantly higher 

likelihood of having AF than their respective controls (9.8% vs. 2.9% respectively) which 

is consistent with published data.48 For those with OSA, the proportion with a COPD 

diagnosis was also greater than in their respective controls (5.1% vs. 1.2%), as was of the 

presence of a hypertension history compared to controls (26.8% vs. 9.3%).

Association of XFS with OSA

In Table 2, the odds ratio (OR) estimates from the covariate-adjusted model with 95% 

confidence intervals (CI-L, lower; CI-U, upper) and P values for XFS risk in OSA patients 

overall and in OSA patients stratified by hypertension history compared with matched 

control subjects are shown. After accounting for matching variables of sex and birth year 

and with covariate adjustment for: race, obesity, tobacco use, AF, COPD, hypertension, and 

interactions of hypertension with both AF and XFS, we observed a modest increased risk 

of XFS in OSA patients overall (OR = 1.27; 95% CI, 1.02–1.59; P = 0.03); see Table 2. In 

the subset of OSA patients with CPAP pilot data, a consistent but non-statistically significant 

increased risk of XFS was also observed (OR = 2.89; 95% CI 0.77–11.03; P = 0.12; data not 

shown).

Sub-analyses by Hypertension History

As history of hypertension appeared to interact with both XFS and AF in the OSA patient 

cohort, a stratification by the absence or presence of hypertension history in OSA patients 

was also conducted (Table 2). For patients with no hypertension history, we observed no 

increased risk of an XFS diagnosis in OSA patients compared with controls. For OSA 

patients in which a diagnosis of hypertension was present in the medical record, a 2.7-fold 

increased risk of XFS was observed (OR = 2.67; 95% CI, 2.06–3.46; P < 0.0001); see Table 

2.

As a check on the robustness of our finding of an association between OSA and XFS, we 

performed a parallel set of analyses to examine the association of an OSA diagnosis in our 

previously identified XFS case and control cohort. We observed no increased risk of OSA 

in XFS patients compared to non-XFS controls, when stratified by hypertension, those XFS 
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patients with a hypertension history exhibited an increased risk of having an OSA diagnosis 

(OR = 1.53; 95% CI, 1.22–1.93; P = 0.0003; data not shown). In ourXFS cohort, patients 

with an XFS diagnosis had an increased risk of a hypertension diagnosis than non-XFS 

controls (OR = 2.98; 95%CI, 2.70–3.28, P<0.0001 Table 3) which is consistent with prior 

publications42,43. Furthermore, increased risk of hypertension in XFS patients was observed 

in both those with or without an OSA diagnosis (Table 3). See Supplemental Table S1 

(available online) for a description of the XFS patient and control cohorts.

Discuss

We hypothesized that OSA and XFS may be inter-related due to the oxidative stress and 

inflammatory changes common to both disorders, as well as the implication that OSA has 

had in glaucoma development. Since patients with OSA are more likely to have a diagnosis 

of XFS, we infer that XFS and OSA may be involved in a similar disease process and 

are comorbidities, and that those with OSA may have greater risk of XFS in genetically 

predisposed individuals, especially if they also have HTN.

Our results indicate that after accounting for multiple risk factors, OSA patients are more 

likely to have a diagnosis of XFS especially in those with a hypertension history. In an 

XFS patient cohort, increased risk of OSA with hypertension was corroborated. Given these 

findings, all patients with XFS should be referred for evaluation for OSA and particulary 

if they have hypertension. Given that XFS typically presents after 70 years of age, the 

likelihood of finding OSA is high given the increasing prevalence of OSA with age 

and therefore all patients with XFS should be screened for OSA and especially if they 

exhibit glacuomatous progression. The other clinical implication is that in OSA patients 

with hypertension, particularly those over age 70 (when XFS typically presents) can be 

considered for ophthalmologic referral for evaluation for XFS.

The statistically significant odds ratios representing the relationship between OSA and XFS 

are summarized in Figure 2, to provide insight as to how hypertension (HTN) may be 

involved in the disease process. If we compare the risk of an XFS diagnosis for the entire 

OSA cohort compared to those who also had a HTN diagnosis, the odds ratio appears 

greater for those with HTN. This was confirmed by the analysis of those in the CPAP cohort.

What role does treatment with CPAP in OSA patients, particularly in those with 

hypertension, play in the incidence of XFS, and what mechanisms may be responsible? 

CPAP has been shown to decrease daytime and nighttime blood pressure measurements 

in those with refractory hypertension.29,49,50 Meta-analyses however only show blood 

pressure drops of 2–3 mmHg.51 It may be useful for further research to focus on the other 

mechanisms by which CPAP treatment affects XFS and ophthalmic health. Since CPAP 

lowers the oxidative stress and systemic inflammation in patients with HTN,52 we propose 

that further research examine how this affects the risk of XFS development and progression.

A lingering question for our study is whether OSA influences the progression of XFS 

(without glaucomatous damage), to manifestations of glaucoma with an elevation of IOP 

and development of XFG with optic nerve head damage. Our current dataset did not 
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incorporate all of the clinical factors including UV exposure and altitude that can be taken 

into consideration when evaluating the conversion of XFS to XFG as well as glaucomatous 

progression, and we recognize this as a limitation of our analysis, and an area for further 

inquiry.

Besides HTN, other comorbid conditions associated with OSA include the metabolic 

syndrome (hyperlipidemia, obesity, and elevated blood glucose)25,26,27,21 as well as 

increasing age and male sex.18 OSA has increased prevalence in those with atrial fibrillation 

(AF).22,23 Hypertension and obesity also appear to increase the progression of AF in patients 

with OSA.24

Although OSA is estimated to occur in 17% of individuals, it is under-recognized and 

undertreated.32 XFS is also missed on clinical exam more often than it is diagnosed. Many 

ophthalmologists miss XFS on routine non-mydriatic anterior segment exams, because 

pupillary dilation is often necessary to assess the central disc of material on the anterior 

lens and the peripheral granular zone.53 With regard to hypertension, it may be that those 

with hypertension are more likely to have an eye exam and have XFS diagnosed, which we 

acknowledge could be a source of bias in our study. It may also be true that those without 

diagnosis of systemic illness such as OSA or HTN were less likely to get eye exams, and 

this is recognized as another limitation of our study.

It is important to note that having a CPAP order did not guarantee compliance with 

CPAP, however 67% of patients with a CPAP order also had certification of compliance. 

Conversely, as information regarding CPAP orders/certification was not available for most 

patients in the UPDB, absence of an order/certification could not infer non-use of CPAP.

The UPDB provides a strong foundation for large population database studies. The unique 

dataset allows a combination of civil government, outpatient clinic, and hospital records 

to be analyzed in one comprehensive source. Nevertheless, there has been some difficulty 

in assessing OSA according to administrative diagnosis codes in some academic settings. 

In another study, a group of approximately 5,000 adults who underwent polysomnography 

studies, 56% of these met criteria for OSA, however, none of the administrative diagnostic 

codes or therapeutic interventions by themselves or in combination identified OSA with 

high sensitivity and specificity.54 Because of this, studies that use diagnosis codes and 

interventions alone need to be evaluated with caution, and this is a potential limitation to this 

present study. However, in an effort to better identify and characterize clinical CPAP-treated 

OSA of potentially greater severity, we performed a pilot OSA patient study within a single 

healthcare system in which CPAP orders and evidence of CPAP compliance were available 

from clinic records. While the presence of a CPAP order does not indicate actual daily 

CPAP use, even the documentation of CPAP compliance at one or more time points does not 

indicate sustained usage of CPAP for OSA treatment. Therefore the implications of CPAP 

use should also be interpreted with caution. Interestingly, patients with CPAP orders were 

much more likely to have a hypertension history (nearly 2/3 of CPAP+ patients) than OSA 

overall.
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For almost a century, XFS was misunderstood as being primarily an ocular phenomenon. 

The present study further supports the now established and broader understanding of XFS 

as a genetically predisposed systemic illness that is impacted and correlated with various 

systemic comorbidities. We expect that future research will continue to enable a better 

understanding of XFS and its complexities as researchers emphasize the connection with 

other disease states that can help better manage and influence patient care.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
Summary of pathogenic mechanisms of OSA and XFS/XFG.

XFS= Exfoliation syndrome, XFG=Exfoliation Glaucoma, OSA=Obstructive sleep apnea, 

HTN=Systemic hypertension

The left side summarizes some of the proposed mechanisms involved in OSA, focusing 

on some of the factors contributing to HTN. The right side summarizes pathogenesis of 

XFS/XFG. The text in purple highlight similarities between OSA and XFS/XFG.
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Figure 2. 
Summary of significant* odds ratio evidence in OSA and XFS cohorts

Arrow direction, color, width, and number indicate strength of odds ratio association with 

comorbid condition, for example: The OSA cohort of patients had a 1.27 odds ratio of 

having a diagnosis of XFS. Patients with XFS and HTN had a 1.53 odds ratio of having 

diagnosis of OSA etc. For full list of odds ratios along with confidence intervals see Table 2 

and Table 3.

*All numbers in figure are statistically significant with p<0.05, with confidence intervals 

that do not include 1.
aModel accounting for sex and birth year and adjusted for race, obesity, tobacco use, AF, 

COPD, hypertension and: interaction of AF and hypertension, XFS and hypertension (OSA 

cohort)
bModel accounting for sex and birth year, adjusted for race, obesity, tobacco use, AF, and 

COPD history.

XFS= Exfoliation syndrome, XFG=Exfoliation glaucoma, OSA=Obstructive sleep apnea, 

HTN=Systemic hypertension
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Table 1.

Characteristics of Utah obstructive sleep apnea (OSA) patients ages 50–90y and respective unexposed 

controls.

No OSA OSA patients

Characteristic N % N %
P 

1 

Total 319,939 100.0 81,735 100.0

 Female 132,184 41.3 33,698 41.2

 Male 187,755 58.7 48,037 58.8 0.65

Age at diagnosis of OSA case
2

 Mean y (±SD) 64.5 (9.4) 64.6 (9.4) 0.04

Years of followup

 Mean y (±sd) 20.9 (2.2) 20.6 (2.6) <0.001

 <1y to 9y 115 0.0 52 0.1

 10y to 22y 319,824 100.0 81,683 99.9 0.001

Vital status

 Alive at 12/31/2017 290,165 90.7 68,168 83.4

 Deceased 29,774 9.3 13,567 16.6 <0.0001

Race

 Caucasian 306,255 95.7 78,507 96.1

 Non-Caucasian 13,684 4.3 3,228 3.9 <0.0001

Obesity (BMI≥ 30)
3

 Not indicated 254,952 79.7 44,182 54.1

 Indicated 64,987 20.3 37,553 45.9 <0.0001

Tobacco use

 Not indicated 273,222 85.4 66,639 81.5

 Indicated 46,717 14.6 15,096 18.5 <0.0001

AFib history
4

 Absent 310,603 97.1 73,728 90.2

 Present 9,336 2.9 8,007 9.8 <0.0001

COPD history
4

 Absent 316,032 98.8 77,583 94.9

 Present 3,907 1.2 4,152 5.1 <0.0001

Hypertension
4

 Absent 290,169 90.7 59,832 73.2

 Present 29,770 9.3 21,903 26.8 <0.0001

OSA history
4

 Absent 319,939 100.0 0 0.0

 Present 0 0.0 81,735 100.0 —

XFS history
4

 Absent 319,190 99.8 81,487 99.7
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No OSA OSA patients

Characteristic N % N %
P 

1 

 Present 749 0.2 248 0.3 <0.001

1
Discrete measures, chi-square test; continuous measures, paired t test.

2
Age at time of OSA patient diagnosis. For controls with no OSA, age at the time of diagnosis of their corresponding matched case.

3
Body mass index (BMI) as height in meters2 /weight in kg.

4
ICD-9 diagnosis in the patient medical record from 1996–2015.
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Table 2.

Association of exfoliation glaucoma/syndrome (XFS) and obstructive sleep apnea (OSA) in Utah patients ages 

50–90y compared with controls unexposed to OSA.

Covariate-adjusted model

OR 95%CI-L 95%CI-U P 
1 

OSA cohort (overall)
2

 XFS absent Ref. —

 XFS present 1.27 (1.02 – 1.59) 0.03

OSA cohort, hypertension absent
3

 XFS absent Ref. —

 XFS present 0.85 (0.68 – 1.05) 0.12

OSA cohort, hypertension present
3

 XFS absent Ref. —

 XFS present 2.67 (2.06 – 3.46) <0.0001

1
Wald chi-square test.

2
Model accounting for sex and birth year and adjusted for race, obesity, tobacco use, atrial fibrillation history, chronic obstructive pulmonary 

disease history, hypertension history, and interaction terms for: atrial fibrillation and hypertension; and, XFS and hypertension.

3
Stratified model accounting for sex and birth year and adjusted for race, obesity, tobacco use, atrial fibrillation history, and chronic obstructive 

pulmonary disease history.
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Table 3.

Association of hypertension (HTN) and exfoliation syndrome (XFS) in 2,943 Utah patients ages 50–90y 

compared with 5:1 controls unexposed to XFS.

Covariate-adjusted model

OR 95%CI-L 95%CI-U P 
1 

XFS cohort (overall)
2

 HTN absent Ref. —

 HTN present 2.98 (2.70 – 3.28) <0.0001

XFS cohort, OSA absent
3

 HTN absent Ref. —

 HTN present 2.91 (2.63 – 3.23) <0.0001

XFS cohort, OSA present
3

 HTN absent Ref. —

 HTN present 4.71 (2.43 – 9.13) <0.0001

1
Wald chi-square test.

2
Model accounting for sex and birth year and adjusted for race, obesity, tobacco use, atrial fibrillation history, chronic obstructive pulmonary 

disease history, hypertension history, and interaction terms for: atrial fibrillation and hypertension; and, XFS and hypertension.

3
Stratified model on obstructive sleep apnea (OSA) accounting for sex and birth year and adjusted for race, obesity, tobacco use, atrial fibrillation 

diagnosis, and chronic obstructive pulmonary disease diagnosis.
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