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Inverse Cross-sectional and Longitudinal
Relationships between Diabetic Retinopathy
and Obstructive Sleep Apnea in Type 2
Diabetes

Results from a National Screening Program

Jakob Grauslund, DMSci,1,2,3 Lonny Stokholm, PhD,2,4 Anne S. Thykjær, MD,1,2,3 Sören Möller, PhD,2,4

Caroline S. Laugesen, MD,5 Jens Andresen, PhD,6 Toke Bek, DMSci,7 Morten la Cour, DMSci,8,9

Steffen Heegaard, DMSci,8,9 Kurt Højlund, DMSci,2,3 Ryo Kawasaki, PhD,2,10 Javad Hajari, PhD,8,9

Kirsten O. Kyvik, PhD,2 Katja C. Schielke, MD,11 Katrine H. Rubin, PhD,2,4 Malin L. Rasmussen, PhD1,2

Purpose: In previous smaller studies, associations were demonstrated between diabetic retinopathy (DR)
and obstructive sleep apnea (OSA), but longitudinal relationships have not been evaluated in larger cohorts. The
aim of the present study was to assess the cross-sectional and prospective associations between DR and OSA in
a national cohort of patients with type 2 diabetes.

Design: Cross-sectional and 5-year longitudinal registry-based cohort study.
Participants: For cases, we included 153 238 patients with type 2 diabetes who had attended diabetic eye

screening and were registered in the Danish Registry of Diabetic Retinopathy (DiaBase). Each of these were
matched by 5 control participants without diabetes of the same age and gender (n ¼ 746 148).

Methods: Exposure and outcome data as well as systemic morbidity and use of medications were identified
in national registers, including the DiaBase, the Danish National Patient Register, the Danish National Prescription
Registry, and the Danish Civil Registration System. The index date was defined as the date of the first DR
screening registered in DiaBase.

Main Outcome Measures: Exposure was defined as present and level-specific DR, and main outcomes
were crude, age- and gender-adjusted, and multivariable adjusted odds ratios (ORs) for prevalent OSA as well as
hazard ratios (HR) for 5-year incident OSA and DR.

Results: Patients with type 2 diabetes independently were more likely to have prevalent OSA (OR, 2.01; 95%
confidence interval [CI], 1.95e2.08) and to develop OSA within 5 years (HR, 1.55; 95% CI, 1.46e1.64). Patients
with type 2 diabetes and DR at baseline were less likely to have prevalent OSA (OR, 0.57; 95% CI, 0.52e0.62) or
to demonstrate incident OSA (HR, 0.86; 95% CI, 0.74e0.99). Likewise, patients with OSA had a lower risk to
develop DR (HR, 0.83; 95% CI, 0.74e0.92).

Conclusions: In a registry-based national cohort study, patients with type 2 diabetes had a higher risk of
OSA. However, a 43% decreased risk of prevalent OSA was demonstrated in patients with DR, and prospectively,
OSA and DR both were related inversely with each other. Ophthalmology Science 2021;1:100011 ª 2021 by the
American Academy of Ophthalmology. This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Diabetic retinopathy (DR) is themost common complication in
diabetes1,2 and a leading cause of blindness in the diabetes
population.3,4 Screening of DR is highly recommended to
reduce the risk of irreversible visual loss,5,6 and this has been
implemented successfully in Denmark7 and other countries.8,9

Obstructive sleep apnea (OSA) is a devastating sleep
disorder associated with chronic intermittent nocturnal
hypoxemia, arousal, and sleep fragmentation.10 In a meta-
analysis, Qie et al11 demonstrated that patients with type 2
diabetes are 40% more likely to have OSA compared with
ª 2021 by the American Academy of Ophthalmology
This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/). Published by Elsevier Inc.
patients without diabetes, and likewise, patients with type
2 diabetes and moderate to severe OSA are 3 times more
likely to experience microvascular and macrovascular
diabetes related-complications.12

An association between DR and OSA has been proposed,
given the pathophysiologic similarities between the condi-
tions. Systemic hypoxia in OSA may activate oxidative
stress and promote inflammatory pathways, which may in-
crease levels of vascular endothelial growth factor,13 thereby
promoting DR.14 In a meta-analysis, Leong et al10 found
1https://doi.org/10.1016/j.xops.2021.100011
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some evidence that OSA may be associated with higher
levels of DR, but most of these studies were cross-
sectional and included low numbers of patients.15 In fact,
we are aware of only 1 prospective study of 121 patients
that, during 43 months of follow-up, demonstrated a
5.2-fold increase of incident advanced DR in those with
OSA present at baseline.16

From a clinical point of view, it also is important to
examine whether DR is able to act as a predictive marker for
OSA, given that early detection and treatment of OSA may
be cost-effective17 and may halt the progression of DR, as
demonstrated by Altaf et al.16 Thus, based on the
hypothesis that DR may act as an independent marker of
systemic neurovascular dysfunction, which may cause
OSA in type 2 diabetes, the present study aimed to
evaluate the role of DR in the development of incident
OSA in a national cohort of patients with type 2 diabetes.
Likewise, we tested if the presence of OSA had an
influence on the future development of DR.

Methods

Study Population

In Denmark, screening for DR has been implemented since 2013. It
is offered for free for all patients with diabetes, and the screening
program can be attended either at the offices of practicing oph-
thalmologists or at selected hospital departments. Screening is
performed predominantly by fundus photography according to a
national guideline, stating that (1) screening should as a minimum
be performed based on mydriatic 2-field retinal images, (2) the
level of DR should be graded according to the International
Clinical Retinopathy Disease Severity Scale18 as levels 0 (no DR),
1 through 3 (mild, moderate, and severe nonproliferative DR) or 4
(proliferative DR), and (3) flexible, individualized screening
intervals should be used.7

It ismandatory to report screening results to theDanishRegistry of
Diabetic Retinopathy (DiaBase), which is a national quality database
including data from 591 136 screening episodes of 205 970 patients
who attended the screening program.19 The DiaBase comprises all
patients older than 18 years diagnosed with diabetes in Denmark,
who have attended the DR screening program. The DiaBase was
developed between 2003 and 2006, and the systematic collection of
outpatient data from hospitals in Denmark started in 2008 and was
extended nationwide in 2010. In 2013, data also were included from
practicing ophthalmologists, who perform the screening for most
patients.19 For both eyes, the DiaBase includes the level of DR,
visual acuity, presence or absence of diabetic macular edema, prior
eye surgery (cataract extraction and vitrectomy), and planned
interval to next eye screening.

In the present study, we included data of patients with type 2
diabetes collected between January 2, 2013, and December 28, 2018.
The index date was set as the date of the first registration in DiaBase,
and each patient was matched by year of birth and gender with 5
control participants who were not registered in DiaBase. Control
participants were excluded if they had been diagnosed with an Inter-
nationalClassification ofDiseases, TenthRevision (ICD-10), code for
diabetes at the index date. Level ofDRat the timeof the indexdatewas
given by the highest level of the 2 eyes of the patient.

In the cross-sectional part of the study, we evaluated presence
of OSA at the time of the index date in accordance with level of
DR. In the prospective study, patients and control participants with
2

OSA at the index date were excluded, and incident OSA was
registered with time of risk, as defined by time from the index date
to incident OSA, death, emigration, or the end of the study
(December 31, 2018), whichever came first. For the other part of
the prospective study, we included type 2 diabetic patients without
DR at baseline and registered the numbers of incident cases of DR
as well of person-years at risk for patients with and without
baseline OSA.
Data Extraction

National registers were used for data linkage and to register OSA
and other relevant medical conditions and systemic medications.
The Danish Civil Registration System was used to link data from
the various registers by a unique personal identifier, the Central
Personal Registration number, which is given to each inhabitant in
Denmark.20 This register was also used to obtain data regarding
age, gender, and marital status.

We used the Danish National Patient Register, which includes the
ICD-10 codes21 of all hospital contacts in Denmark.22 This register
was used to identify patients with OSA (sleep apnea, G473*) and
systemic comorbidity. The latter was evaluated by a modified
Charlson comorbidity index score that excluded diabetes (which
was present only in patients with diabetes according to study
protocol), but included myocardial infarction, congestive heart
failure, cerebrovascular disease, dementia, chronic pulmonary
disease, connective tissue disease, rheumatologic disease, ulcer
disease, mild or moderate to severe liver disease, hemiplegia or
paraplegia, moderate or severe renal disease, any malignancies
(including leukemia and lymphoma), and acquired
immunodeficiency syndrome. The comorbidity was evaluated 5
years before the index date, and levels 0 through 3 reflected higher
levels of comorbidity.23,24

We used the Danish National Prescription Registry25 to assess
the use of systemic medications as given by the Anatomical
Therapeutic Chemical classification system.26 The register
included information regarding filed prescription dispensed at
Danish community pharmacies. We extracted data regarding the
current use of insulin (A10A*), blood glucose-lowering drugs
excluding insulins (A10B*), antihypertensive treatment (C03*,
C07*, C08*, and C09*), or lipid-lowering therapy (C10*).

Combining data from the Danish National Patient Register and
the Danish National Prescription Registry, we were able to identify
patients with type 2 diabetes in DiaBase. This was achieved by
combining ICD-10 codes for type 2 diabetes (E11*) and
Anatomical Therapeutic Chemical codes for redeemed pre-
scriptions for insulin and noninsulin blood glucose-lowering drugs.
Seven combinations were used for type 2 diabetes classification:
DE11* only, A10B* only, DE11* and A10A*, DE11* and A10B*,
A10A* and A10B*, DE11* and A10A* and A10B*, and no codes
given. Patients with other combinations were excluded from this
study for having type 1 diabetes or a combination of diagnostic
codes and Anatomical Therapeutic Chemical codes that did not
make it possible to categorize them as having type 2 diabetes.

Combined data from these 2 registers also were used to define
obesity, which was defined for all persons with codes E66 (obesity)
or Z98 (intestinal anastomosis) in combination with relevant surgical
codes for volume-reducing operations: KJDF, KJAW90, KJAW91,
KJDW96A or KJDW97A27; MA08AA03 (amfepramon);
MA08AA62 (bupropion or naltrexon); MA08AB01 (orlistat); or
MA10BJ02 (liraglutide, only including the trade name Saxenda).

Duration of diabeteswas givenby the difference between the index
date and the date of the first ICD-10 code for diabetes or the first
redeemed prescription for diabetes, whichever came first.
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Statistical Analysis

Data are given as numbers, percentages, or medians (with inter-
quartile ranges). Differences between groups in Tables 1 and 2
were estimated by the k-sample test for equality of medians
(continuous data) and chi-square tests (categorical data).

Present and level-specific DR at the index date was used as a
predictor, and prevalent and incident OSA was used as the outcome.
In the cross-sectional part of the study (Tables 3 and 4), we estimated
odds ratios (ORs) with 95% confidence intervals (CIs) for OSA in
crude, age- and gender-adjusted, and multivariable logistic regres-
sion models (adjusted for all parameters with P < 0.10 in Table 2).
Correspondingly, the prospective part of the study (Tables 5 and 6)
evaluated hazard ratios (HRs) for incident OSA in crude, age- and
gender-adjusted, and multivariable Cox regression models
(adjusted for all parameters withP< 0.10 in Table 2). For references,
we used the control population in Tables 3 and 5 and patients without
DR in Tables 4 and 6. Finally, we used the proportion of the patient
populationwith at least 2 screening episodes and noDRat baseline to
test whether the presence of OSA at the index date would influence
future development of DR (Table 7).

The proportional hazard assumptions were checked visually by
log-log plots of survival. As a sensitivity analysis, we modeled a
competing risk analysis with deaths as a competing cause to
OSA.28 Finally, to consider the potentially confounding effect of
obesity, we performed stratified analyses, separating persons with
and without obesity.

Statistical analyses were performed with Stata software version
16.1 (StataCorp LP). P values of less than 0.05 and CIs that did not
include 1.0 were considered statistically significant.
Table 1. Characteristics for Patients with Type 2 Diabetes at the First T
of Diabetic Retinopathy as Given by the D

Overall Level 0 Level

No. of patients 153 238 139 700 9495
Gender, % male 56.4 55.8 61
Age (yrs), median (IQR) 66.9 (58.0e73.8) 66.9 (58.0e73.8) 67.4 (58.5
Duration of diabetes (yrs),

median (IQR)*
5.3 (2.1e9.8) 5.0 (1.9e9.1) 10.5 (5.3e

Marital status, %
Never married 12.5 12.2 13
Married or living with

someone
59.3 59.6 57

Widowed or divorced 28.2 28.2 28
Charlson comorbidity index

score, %
0 (low) 77.2 78.2 69
1 (moderate low) 10.0 9.2 16
2 (moderate high) 8.7 8.7 8
3 or more (high) 4.1 3.9 5

Use of medication, %
Insulin 15.8 13.3 37
Glucose-lowering

treatment, excluding
insulins

86.5 86.2 89

Antihypertensive drugs 77.8 77.2 83
Cholesterol-lowering drugs 77.3 77.2 79

Obesity, % 32.0 31.1 40
Obstructive sleep apnea, % 5.8 5.9 4

IQR ¼ interquartile range.
*Duration of diabetes was calculated only in patients with at least 1 Interna
Anatomical Therapeutic Chemical Classification code for treatment of diabete
Informed Consent and Ethics Committee
Approval

The present study was part of the Ocular and Systemic Compli-
cations in Diabetic Retinopathy Study, which was initiated by the
Danish Excellence Centre in Ophthalmic Epidemiology.29 The
study was performed with respect to the tenets of the
Declaration of Helsinki, with permissions obtained from the
record of data processing activities at the Region of Southern
Denmark (identifier, 18/61231) and the Danish Clinical
Registries (DIABASE-2018-12-11). According to Danish law,
informed consent and permissions from the Danish National
Committee on Health Research Ethics are not required for
register-based studies.
Results

We identified 153 238 patients with type 2 diabetes, who
had attended diabetic eye screenings and were registered in
DiaBase (Table 1). Median age was 66.9 years (interquartile
range, 58.0e73.8 years), 56.4% were men, and 32.0% were
registered as obese. In general, patients with higher levels of
DR were more likely to be men, to have a longer duration of
diabetes, to be living alone, to have a higher Charlson
comorbidity index score, and to use insulin and
antihypertensive drugs. In contrast, a higher prevalence of
OSA was found for patients with a lower level of DR
ime of Screening for Diabetic Retinopathy According to the Level
anish Registry of Diabetic Retinopathy

Level of Diabetic Retinopathy

P Value1 Level 2 Level 3 Level 4

2682 419 942
.8 64.0 69.7 65.3 < 0.001
e74.6) 64.6 (55.8e72.2) 59.7 (52.2e67.8) 67.7 (59.1e74.8) < 0.001
15.4) 11.0 (5.4e15.8) 11.3 (5.4e15.8) 14.2 (8.9e19.0) < 0.001

< 0.001
.9 16.5 15.8 18.5
.2 55.8 57.3 56.4

.9 27.7 27.0 25.2
< 0.001

.4 65.6 58.5 55.4

.5 19.5 25.3 27.7

.8 8.7 9.5 9.9

.3 6.2 6.7 7.0

.3 48.6 51.1 51.6 < 0.001

.9 90.7 91.9 85.8 < 0.001

.6 82.7 81.4 89.6 < 0.001

.0 77.3 75.9 78.6 0.013

.0 43.5 47.5 38.4 < 0.001

.2 3.1 4.1 2.9 < 0.001

tional Classification of Diseases, Tenth Revision, code for diabetes or 1
s.
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Table 2. Characteristics of Patients with Type 2 Diabetes and Control Participants without Diabetes with and without Obstructive Sleep
Apnea at the Time of the First Registration in the Danish Registry of Diabetic Retinopathy for Patients

Obstructive Sleep Apnea

Patient Population Control Population

Yes No P Value Yes No P Value

No. of patients (%) 8817 (5.8) 144 421 (94.2) 15 109 (2.0) 731 039 (98.0)
Gender, % male 76.7 55.2 < 0.001 81.9 55.8 < 0.001
Age (yrs), median (IQR) 63.1 (55.2e69.4) 67.2 (58.2e74.1) < 0.001 65.9 (58.9e71.5) 66.9 (57.9e73.8) < 0.001
Duration of diabetes (yrs), median (IQR)* 4.7 (1.6e8.8) 5.4 (2.1e9.8) < 0.001 N/A N/A < 0.001
Marital status, % < 0.001 < 0.001
Never married 14.1 12.4 8.7 11.5
Married or living with someone 61.5 59.2 68.6 61.8
Widowed or divorced 24.4 28.5 22.6 26.7

Charlson comorbidity index score, % < 0.001 < 0.001
0 (low) 71.6 77.5 79.7 85.4
1 (moderate low) 13.8 9.8 7.4 4.8
2 (moderate high) 9.1 8.7 9.4 7.4
3 or more (high) 5.6 4.0 3.4 2.4

Use of medication, %
Insulin 16.5 15.7 0.058 N/A N/A N/A
Glucose-lowering treatment, excluding insulins 89.2 86.4 < 0.001 N/A N/A N/A
Antihypertensive drugs 80.7 77.6 < 0.001 5.5 39.5 < 0.001
Cholesterol-lowering drugs 78.6 77.2 0.002 35.8 24.6 < 0.001

Obesity, % 54.5 30.6 < 0.001 18.7 5.8 < 0.001
Level of DR, % < 0.001 N/A
0 94.0 91.0 N/A N/A
1 4.5 6.3 N/A N/A
2 0.9 1.8 N/A N/A
3 0.2 0.3 N/A N/A
4 0.3 0.6 N/A N/A

DR ¼ diabetic retinopathy; IQR ¼ interquartile range; N/A ¼ not applicable.
*Duration of diabetes was calculated only for patients with at least 1 International Classification of Diseases, Tenth Revision, code for diabetes or 1
Anatomical Therapeutic Chemical Classification code for treatment of diabetes.
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(5.9% vs. 4.2% vs. 3.1% vs. 4.1% vs. 2.9%; P < 0.001) for
levels 0 through 4, respectively.

Among patients with type 2 diabetes and 746 148
control participants, OSA was diagnosed before the in-
dex date in 8817 (5.8%) and 15 109 (2.0%) people,
respectively (Table 2). In both groups, patients with OSA
were younger and were more likely to be men, to be
Table 3. Odds Ratio with 95% Confidence Interval for Obstructive Sle
Retinopathy Compared with Age- and Gender-Matched Control Parti

the Time of the First Registration in the Danish

Level of Diabetic
Retinopathy

Patients Control Parti

With Obstructive
Sleep Apnea

Without Obstructive
Sleep Apnea

With Obstructive
Sleep Apnea

With
S

Overall 8817 144 421 15 109
Level 0 8291 131 409 13 724
Levels 1e4 526 13 012 1385
Level 1 400 9095 954
Level 2 82 2600 291
Level 3 17 402 48
Level 4 27 915 92

*Multivariable logistic regression model adjusted for gender, age, marital statu
comorbidity index.
yStatistically significant.

4

married, to be registered with obesity, to have a higher
Charlson comorbidity index score, and to be treated
with antihypertensive and cholesterol lowering drugs.
For patients with type 2 diabetes, those with OSA also
were more likely to be treated with noninsulin
glycemic therapy, but did not differ regarding use of
insulin.
ep Apnea for Patients with Type 2 Diabetes Screened for Diabetic
cipants According to Level of Diabetic Retinopathy for Patients at
Registry of Diabetic Retinopathy for Patients

cipants Odds Ratio (95% Confidence Interval)

out Obstructive
leep Apnea

Crude
Model

Model Adjusted for
Gender and Age

Multivariable
Model*

731 039 2.95 (2.88e3.03)y 2.98 (2.90e3.06)y 2.01 (1.95e2.08)y

666 583 3.06 (2.98e3.15)y 3.10 (3.01e3.19)y 2.10 (2.03e2.17)y

64 456 1.88 (1.70e2.08)y 1.89 (1.70e2.09)y 1.19 (1.05e1.34)y

45 188 2.08 (1.85e2.35)y 2.09 (1.86e2.36)y 1.36 (1.19e1.57)y

12 768 1.38 (1.08e1.77)y 1.39 (1.08e1.78)y 0.88 (0.61e1.07)
2006 1.77 (1.01e3.10)y 1.77 (1.01e3.12)y 0.79 (0.41e1.54)
4494 1.44 (0.93e2.23) 1.44 (0.93e2.23) 0.93 (0.56e1.57)

s, use of antihypertensive drugs, cholesterol-lowering drugs, and Charlson



Table 4. Odds Ratio with 95% Confidence Interval for Obstructive Sleep Apnea for Patients Screened for Diabetic Retinopathy at the
Time of the Index Date* According to Level of Diabetic Retinopathy (Level 0 Used as Reference)

Level of
Diabetic Retinopathy

People with Obstructive
Sleep Apnea

People without Obstructive
Sleep Apnea

Odds Ratio (95% Confidence Interval)

Crude
Model

Model Adjusted
for Gender and Age Multivariable Modely

Level 0 8817 144 421 1 (Reference) 1 (Reference) 1 (Reference)
Level 1-4 526 13 012 0.64 (0.59e0.70)z 0.59 (0.54e0.65)z 0.57 (0.52e0.62)z

Level 1 400 9095 0.70 (0.63e0.77)z 0.66 (0.60e0.73)z 0.64 (0.58e0.71)z

Level 2 82 2600 0.50 (0.40e0.62)z 0.44 (0.35e0.55)z 0.42 (0.34e0.53)z

Level 3 17 402 0.67 (0.41e1.09) 0.51 (0.31e0.84)z 0.48 (0.29e0.78)z

Level 4 27 915 0.47 (0.32e0.69)z 0.43 (0.30e0.64)z 0.40 (0.27e0.59)z

*Index date defined as the date of the first registration in the Danish Registry of Diabetic Retinopathy for patients.
yMultivariable logistic regression model adjusted for gender, age, marital status, use of antihypertensive drugs, cholesterol-lowering drugs, and Charlson
comorbidity index.
zStatistically significant.
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As compared with control participants, a higher presence
of OSA was found for the entire group of patients with type 2
diabetes (multivariable adjusted OR, 2.01; 95% CI,
1.95e2.08; Table 3). The higher levels of OSA in patients
were identified both in those without DR (multivariable
adjusted OR, 2.10; 95% CI, 2.03e2.17) and with DR
(multivariable adjusted OR, 1.19; 95% CI, 1.05e1.34). In
analyses stratified for obesity (data not shown), the excess
risk of OSA was demonstrated in patients without a
diagnosis of obesity (OR, 1.32; 95% CI, 1.26e1.37), as
well as in those with obesity (OR, 3.87; 95% CI, 3.67e4.09).

When patients without DR were used as references, pa-
tients with DR (levels 1e4 combined) were less likely to
have OSA at the index date (multivariable adjusted OR,
0.57; 95% CI, 0.52e0.62), and this was confirmed for all
levels of DR between 1 and 4 (multivariable adjusted OR,
0.64 vs. 0.42 vs. 0.48 vs. 0.40; Table 4). Consistent findings
were identified in analyses stratified for obesity
(multivariable adjusted OR for DR levels 1e4 combined,
0.46 [95% CI, 0.39e0.54] and 0.54 [95% CI, 0.48e0.60]
for patients without and with obesity, respectively).
Table 5. Hazard Ratio with 95% Confidence Interval for Incident Obst
Diabetes Screened for Diabetic Retinopathy and Age- and Gender

Retinopathy fo

Level of Diabetic
Retinopathy

Patients Controls

Events of
Sleep Apneay Years of Risk

Events of
Sleep Apneay Years o

Overall 2262 436 021 4897 2 192
Level 0 2051 392 990 4436 1 977
Level 1e4 211 43 031 461 215
Level 1 144 30 018 310 149
Level 2 44 8658 105 43
Level 3 5 1274 17
Level 4 18 3082 29 15

*Index date defined as the date of the first registration in the Danish Registry
yGiven as the number of patients with new registration of sleep apnea after the
zCox regression model adjusted for gender, age, marital status, use of antihypert
xStatistically significant.
A higher 5-year incidence of OSA was identified in pa-
tients as compared to control participants (Table 5).
Including all persons, 2262 and 4897 events of incident
OSA were identified in 436 021 and 2 192 653 years of
risk in patients and control participants, respectively
(multivariable adjusted HR, 1.55; 95% CI, 1.46e1.64;
Table 5). The competing risk analysis resulted in estimates
consistent with the main analysis (multivariable adjusted
HR, 1.52; 95% CI, 1.43e1.62, data not shown). This
excess risk of incident OSA was identified both in patients
without DR (multivariable adjusted HR, 1.56; 95% CI,
1.47e1.66) and with DR (multivariable adjusted HR,
1.42; 95% 1.16e1.73). In the model stratified for obesity,
the excess risk of incident OSA was identified only in
patients with obesity (multivariable adjusted HR, 2.80;
95% CI, 2.55e3.08, data not shown).

Defining patients with type 2 diabetes but without DR as
references, those with DR (levels 1e4 combined) at baseline
showed a lower risk of OSA developing within 5 years
(multivariable adjusted HR, 0.86; 95% CI, 0.74e0.99;
Table 6), and these findings were confirmed in both
ructive Sleep Apnea after the Index Date* for Patients with Type 2
-Matched Control Participants According to Level of Diabetic
r Patients

Hazard Ratio (95% Confidence Interval)

f Risk Crude Model
Model Adjusted for
Gender and Age

Multivariable
Modelz

653 2.32 (2.21e2.44)x 2.36 (2.25e2.48)x 1.55 (1.46e1.64)x

652 2.33 (2.21e2.45)x 2.37 (2.25e2.50)x 1.56 (1.47e1.66)x

002 2.29 (1.94e2.69)x 2.31 (1.96e2.72)x 1.42 (1.16e1.73)x

677 2.32 (1.90e2.82)x 2.34 (1.92e2.86)x 1.42 (1.12e1.80)x

457 2.11 (1.48e3.00)x 2.11 (1.48e3.00)x 1.27 (0.83e1.95)
6500 1.50 (0.55e4.07) 1.51 (0.56e4.09) 1.74 (0.50e6.07)
368 3.09 (1.72e5.57)x 3.11 (1.73e5.61)x 1.76 (0.82e3.75)

of Diabetic Retinopathy for patients.
index date.
ensive drugs, cholesterol-lowering drugs, and Charlson comorbidity index.
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Table 6. Hazard Ratio with 95% Confidence Interval for Incident Obstructive Sleep Apnea after the Index Date* for Patients with Type 2
Diabetes Screened for Diabetic Retinopathy According to Level of Diabetic Retinopathy (Level 0 Used as Reference)

Level of
Diabetic Retinopathy

Events of Obstructive
Sleep Apneay Years of Risk

Hazard Ratio (95% Confidence Interval)

Crude model
Model Adjusted for
Gender and Age Multivariable Modelz

Level 0 2051 392 990 1 (Reference) 1 (Reference) 1 (Reference)
Level 1e4 211 43 031 0.94 (0.82e1.09) 0.88 (0.77e1.02) 0.86 (0.74e0.99)x

Level 1 144 30 018 0.92 (0.78e1.09) 0.89 (0.75e1.06) 0.88 (0.75e1.05)
Level 2 44 8658 0.98 (0.73e1.32) 0.86 (0.63e1.15) 0.81 (0.60e1.10)
Level 3 5 1274 0.76 (0.31e1.82) 0.56 (0.23e1.34) 0.53 (0.22e1.28)
Level 4 18 3082 1.13 (0.71e1.79) 1.09 (0.69e1.73) 0.96 (0.59e1.54)

*Index date defined as the date of the first registration in the Danish Registry of Diabetic Retinopathy for patients.
yGiven as the number of patients with new registration of obstructive sleep apnea after the index date.
zCox regression model adjusted for gender, age, marital status, use of antihypertensive drugs, cholesterol-lowering drugs, and Charlson comorbidity index.
xStatistically significant.
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stratification models for obesity (multivariable adjusted HR,
0.71 [95% CI, 0.54e0.93] and 0.78 [95% CI, 0.66e0.93] for
patients without and with obesity, respectively; data not
shown).

Finally, among 95 580 patients without DR at the index
date, 7706 (8.1%) demonstrated DR in either eye within 5
years. In this group, the lowest risk of incident DR was
demonstrated for those with OSA at baseline (multivariable
adjusted HR, 0.83; 95% CI, 0.74e0.92; Table 7).
Discussion

In this registry-based cohort study, we evaluated the risk of
present and incident OSA in a national cohort of 900 000
patients with type 2 diabetes and nondiabetic control par-
ticipants matched for age and gender. In multivariable
adjusted models, patients with type 2 diabetes had a 2.01
and 1.55 times higher risk of present and incident OSA,
respectively. Surprisingly, patients with DR independently
were less likely to have OSA at the time of the index date
and to demonstrate OSA through 5 years of observation,
which included 2.5 million years of risk time for patients
and control participants combined.

In a systematic review, Leong et al10 reported positive
associations between DR and OSA in 11 of 15 studies,
including a total of 2731 patients, but given the
Table 7. Hazard Ratio with 95% Confidence Interval for Diabetic Reti
Obstructive Sleep Apnea at the Time of the Index Dat

Obstructive Sleep Apnea No Obstructive Sleep Apnea

Eventsy Person-Years Eventsy Person-Years

Incident DR 371 18 308 7335 314 459 0.8

DR ¼ diabetic retinopathy.
*Index date defined as the date of the first registration in the Danish Registry
yGiven as the number of patients with a new registration of DR levels 1e4 (accor
least 1 eye level after the index date.
zCox regression model adjusted for gender, age, marital status, use of antihypert
xStatistically significant.
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heterogeneity between studies, it was not possible to
evaluate the effect size in a meta-analysis. In our study,
patients screened for DR for the first time showed twice the
prevalence of OSA as age- and gender-matched persons
without diabetes. Unexpectedly, the highest risk was iden-
tified in patients without DR, who, independently of other
factors, had a 14% and 43% higher rate of prevalent and
incident OSA, respectively, as compared with patients with
DR. With the data at hand, we cannot know if this can be
explained by pathophysiologic mechanisms or if this was a
result of a potentially better awareness of diabetes and
associated complications in those without DR, which could
make these patients more likely to receive a hospital-based
diagnosis for OSA.

As far as we know, the longitudinal association between
OSA and DR has been examined only by Altaf et al.16 In 5
years, patients with OSA showed a higher risk of
progression to preproliferative DR or proliferative DR as
compared with patients without OSA (18.4% vs. 6.11%;
P ¼ 0.02). This may be explained by hypoxia-induced
retinal damage, given that the retina is more vulnerable
for hypoxic damage during night hours.30 In our study, we
independently demonstrated a 17% lower 5-year risk of
DR for those with OSA at the time of the first DR screening.
Although both studies evaluated 5-year outcomes in patients
with type 2 diabetes, the different results may be explained
by different study populations and clinical outcomes.
nopathy Developing in at Least 1 Eye According to Occurrence of
e* in the Danish Registry of Diabetic Retinopathy

Hazard Ratio (95% Confidence Interval)

Crude Model Model Adjusted for Gender and Age Multivariable Modelz

7 (0.78e0.97)x 0.85 (0.77e0.95)x 0.83 (0.74e0.92)x

of Diabetic Retinopathy.
ding to the International Clinical Retinopathy Disease Severity Scale) in at

ensive drugs, cholesterol-lowering drugs, and Charlson comorbidity index.
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Although the study by Altaf et al evaluated late-stage pro-
gression to sight-threatening DR in 230 patients, we
demonstrated that OSA independently acted as a marker of
progression for the onset of DR in a national cohort of
almost 100 000 patients. Although we would not expect
OSA to be a causal protector of DR from a pathophysiologic
point of view, our results could indicate that patients with
OSA might have obtained a better understanding of diabetic
complications and measurements for avoidance, like
improved glycemic control, blood pressure lowering, and
better management of dyslipidemia.

In our study, we also tested the reverse hypothesis that
DR could predict OSA. The notion that sleep disorders
could be a consequence of DR was proposed by Tan et al,31

who pointed out that neurodegeneration of melanopsin-
expressing retinal ganglion cells32 and nighttime melatonin
depression33 may cause disruption of the circadian
rhythm. This is clinically important, given the possibility
of including OSA screening in diabetes-related screening
programs. However, although we reported that patients with
type 2 diabetes independently were more likely to have and
to go on to demonstrate OSA, our data indicate that DR is
more likely to act as a marker of protection and that the
excess risk of OSA developing is more likely to be
explained by other factors associated with diabetes,
although our data could not demonstrate that obesity was a
defining factor.11
Among the strengths of the study, we were able to
include a full national cohort of patients attending diabetic
eye screening, and each of these specifically was matched
by 5 persons of the same age and gender without diabetes.
Also, we had information regarding levels of DR as well as
systemic comorbidity and medication, as given by a variety
of validated national registers. Finally, we were able to
perform a longitudinal evaluation of DR as a marker of
incident OSA, including more than 2.5 million years of time
of risk.

Limitations of the study are important to acknowledge. In
general, register-based studies are always subject to potential
inaccuracies in coding practice, and some factors (i.e.,
obesity) may be underreported in registers. Likewise,
although we were able to control for type and duration of
diabetes, obesity, use of insulin, noninsulin glucose-lowering
drugs, antihypertensive drugs, and body mass index, we were
not able to account for severity of OSA, glycemic regulation
blood pressure measurements, and smoking because these
data were not available in the registers.

In conclusion, in the present nationwide study of
approximately 900 000 people, patients with type 2 diabetes
were twice as likely to have OSA, with the highest risk
identified in those without DR. Patients with type 2 diabetes
also were more than 50% as likely to demonstrate OSA
within 5 years, but DR and OSA were linked inversely with
a lower risk for each other.
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