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Cardiovascular Risk in Young Patients
Diagnosed With Obstructive Sleep Apnea

Ida E. Albertsen 2, MD, PhD; Jesper Bille, MD; Gregory Piazza @, MD, MS; Gregory Y. H. Lip ©©, MD;
Peter B. Nielsen @, MPH, PhD

BACKGROUND: In older adults, obstructive sleep apnea (OSA) has been associated with several cardiovascular complications.
Whether young patients diagnosed with OSA also are at higher risk of developing subsequent cardiovascular disease is un-
certain. We aimed to estimate the risk of developing an incident cardiovascular event among young patients diagnosed with
OSA.

METHODS AND RESULTS: We linked nationwide Danish health registries to identify a cohort of patients aged <50years with OSA
using data from 2010 through 2018. Cases without OSA from the general population were matched as controls (1:5). The main
outcome was any cardiovascular event (including hypertension, diabetes, atrial fibrillation, ischemic heart disease, ischemic
stroke, heart failure, and venous thromboembolism). All-cause mortality was a secondary outcome. The study included 20240
patients aged <50 years with OSA (19.6% female; mean+SD age 39.9+7.7 years) and 80314 controls. After 5-year follow-up,
31.8% of the patients with OSA developed any cardiovascular event compared with 16.5% of the controls, with a correspond-
ing relative risk (RR) of 1.96 (95% Cl, 1.90-2.02). At 5-year follow-up, 27.3% of patients with OSA developed incident hyperten-
sion compared with 15.0% of the controls (RR, 1.84 [95% CI, 1.78-1.90]). Incident diabetes occurred in 6.8% of the patients
with OSA and 1.4% of controls (RR, 5.05 [95% ClI, 4.60-5.54]).

CONCLUSIONS: Similar to older adults, young adults with OSA demonstrate increased risk of developing cardiovascular events.
To prevent cardiovascular disease progression, accumulation of cardiovascular risk factors, and mortality, risk stratification
and prevention strategies should be considered for these patients.

Key Words: cardiovascular disease m diabetes m hypertension m obstructive sleep apnea

by obstructive apnea, hypopnea, and respira-

tory effort-related arousals caused by repetitive
collapse of the upper airway during sleep.! OSA is a
common disorder occurring in up to 20% of adults.?
Additionally, the disease is widely underdiagnosed:
86% to 95% of individuals found in population surveys
with clinically significant obstructive sleep apnea re-
port no prior OSA diagnosis.® Several factors are as-
sociated with OSA including older age, male sex, and
obesity.* With a growing global burden of obesity and

Obstructive sleep apnea (OSA) is characterized

overweight, it is recognized that the clinical and public
health burden of OSA is increasing.?

The episodic cycles of breathing disruption in sleep
apnea are associated with a profile of perturbations
that include intermittent hypoxia, oxidative stress,
sympathetic activation, and endothelial dysfunction, all
of which are critical mediators of cardiovascular dis-
ease. Hence, besides causing daytime impairment,
the health consequences of OSA include development
or worsening of cardiovascular diseases." Indeed, OSA
has been associated with a broad array of adverse
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CLINICAL PERSPECTIVE

What Is New?

e |n patients with obstructive sleep apnea, the
risk of subsequent cardiovascular disease is not
limited to older adults.

e In patients aged <50 years with obstructive
sleep apnea, the risk of developing incident car-
diovascular risk factors or overt cardiovascular
disease is substantial compared with healthy
controls.

What Are the Clinical Implications?

e To prevent cardiovascular disease progression,
accumulation of cardiovascular risk factors, and
mortality, risk stratification and prevention strat-
egies should be considered for young patients
diagnosed with obstructive sleep apnea.

cardiovascular risk factors or overt disease, including
systemic arterial hypertension, cardiac arrhythmias,
heart failure, coronary artery disease, stroke, pulmo-
nary hypertension, metabolic syndrome, diabetes, and
cardiovascular mortality.> In more than 5000 partici-
pants followed in 7.5 years without prevalent cardiovas-
cular disease, a diagnosis of obstructive sleep apnea
was associated with an adjusted hazard ratio (HR) of
2.6 (95% Cl, 1.5-4.6) for all-cause mortality, and an
adjusted HR of 1.9 (95% ClI, 1.2-3.0) for cardiovascular
disease incidence.®

For patients with cardiovascular disease, the prev-
alence of OSA is as high as 40% to 80%.° However,
accumulating evidence suggests that successful
treatment of obstructive sleep apnea with continuous
positive airway pressure (CPAP) can improve cardio-
vascular outcomes.>'® Thus, a scientific statement
from the American Heart Association emphasized that
better cardiovascular risk stratification on the patient
with OSA is warranted.®

The association of OSA and cardiovascular dis-
ease has primarily been described in cohorts including
patients aged greater than 60years. Whether young
patients diagnosed with OSA also carry a high risk of
developing subsequent cardiovascular diseases is un-
certain. To address this, we aimed to estimate the risk
of developing incident cardiovascular risk factors or
overt cardiovascular disease (ie, hypertension, diabe-
tes, atrial fibrillation, ischemic heart disease, ischemic
stroke, heart failure, and venous thromboembolism)
and all-cause death among young patients diagnosed
with OSA, using contemporary data from a nationwide
Danish cohort.

J Am Heart Assoc. 2024;13:e033506. DOI: 10.1161/JAHA.123.033506
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METHODS

Because of the sensitive nature of the data collected for
this study, requests to access the data set from quali-
fied researchers may be sent to Danmarks Statistik at
dst@dst.dk.

This study was an observational cohort study ana-
lyzing Danish nationwide administrative registry data.
We searched the registries to obtain a cohort of young
patients diagnosed with OSA based on hospital diag-
noses to estimate risk of incident cardiovascular dis-
ease between year 2010 and 2018.

Setting and Data Sources

This study was based on linkage of 3 nationwide Danish
registries: (1) the Danish National Patient Registry, which
has tracked hospitalizations since 1977 and outpatient
and emergency department visits at all hospitals in
Denmark since 1995": (2) the National Prescription
Register, which holds detailed information on purchase
date, Anatomical Therapeutic Chemical classification
code, package size, and dosage for every prescription
withdrawal in Denmark since 1994'"; and (3) the Danish
Person Registry, which contains data on sex, date of
birth, and vital and emigration status.'? All codes used
in this study are presented in Table S1.

Study Population

Using the National Patient Register, we identified all pa-
tients diagnosed with OSA (International Classification
of Diseases, Tenth Revision [ICD-10] code DG4732)
and all patients diagnosed with sleep apnea (ICD-10
code DG473*) also receiving CPAP treatment (ZZ23915)
from2010 through 2018. For sleep apnea patients
(DG473*) the CPAP treatment code was restricted to
6months before/after diagnosis date of sleep apnea.
According to a recent validation study from the Danish
nationwide registries, the /CD-10 diagnosis code
DG4732 has a positive predictive value of 94% mak-
ing it a suitable source of data on OSA."® The diag-
nosis code for sleep apnea (DG473%) in combination
with the code for receiving CPAP treatment has been
validated and resulted in a positive predictive value of
89%. We assessed study eligibility criteria for adult pa-
tients aged <50years at time of diagnosis. The date
of diagnosis was used as index date and defined the
date of follow-up. Patients with a history (up 5Syears
before the date of diagnosis) of cardiovascular disor-
ders, including hypertension, diabetes, ischemic heart
disease, ischemic stroke, heart failure, venous throm-
boembolism, and atrial fibrillation were excluded. To
ensure possible coding of patient characteristics in the
registries before OSA, we excluded patients who had
lived in Denmark for <1 year.


mailto:dst@dst.dk
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Baseline Characteristics and Comorbidity
Selected baseline characteristics and comorbidi-
ties were identified from the National Patient Register
using primary and secondary /ICD-70 and Anatomical
Therapeutic Chemical codes. Some patients with
hypertension and diabetes are treated solely at their
general practitioner and may not have received a di-
agnosis with an /ICD-10 code in the National Patient
Registry. Therefore, patients with previous hyperten-
sion and diabetes were defined based on information
on prescription claims of antihypertensive or anti-
diabetic medicine within 1year of OSA diagnosis, or
patients who were coded with a relevant ICD-10 di-
agnosis in the National Patient Registry within 5years
of diagnosis. The remaining cardiovascular outcomes,
including previous ischemic heart disease (covering
angina pectoris, acute myocardial infarction, subse-
quent myocardial infarction, complications follow-
ing acute myocardial infarction, other acute ischemic
heart diseases, and chronic ischemic heart disease),
ischemic stroke, atrial fibrillation, venous thrombo-
embolism, and heart failure, were identified through
primary and secondary ICD-10 discharge diagnosis
codes.

Outcomes

The primary outcome was a composite outcome de-
fined as any cardiovascular event, covering incident
cardiovascular risk factors or overt disease associated
with the cardiovascular system (including hyperten-
sion, diabetes, atrial fibrillation, ischemic heart disease
[as defined previously], ischemic stroke, heart failure,
and venous thromboembolism). To ensure validity of
the cardiovascular event as an outcome, hospital dis-
charge diagnoses were required to be a primary di-
agnosis code. All-cause mortality was investigated as
a secondary outcome. Separate analyses were per-
formed for the components of the primary composite
end point.

Population Controls

We compared the risk of any cardiovascular event for
patients with OSA with matched controls free from
cardiovascular disease from the general population.
Specifically, we used the Danish Civil Registration
System to select up to 5 population controls for
each case, matched on age (within 5years of the
birth year) and sex. We selected controls using risk-
set sampling with replacement: each control had
to be alive and at risk of a cardiovascular disease
on the index date of the case to whom he/she was
matched.'* Controls were assigned an index date
identical to that of each corresponding case, and
cases were allowed to act as controls before the
diagnosis of OSA.

J Am Heart Assoc. 2024;13:e033506. DOI: 10.1161/JAHA.123.033506
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Statistical Analysis

In the main analysis, we applied time-to-event analyses
to calculate cardiovascular risk for patients with and
without OSA. Patients were followed until a cardio-
vascular event, death, emigration, or end of the study,
whichever occurred first. Additionally, the risks of the in-
dividual cardiovascular components were investigated
separately. When investigating the individual cardio-
vascular outcomes from the primary outcome, patients
were not censored if they encountered other cardiovas-
cular outcomes. For comparison, we calculated rela-
tive risks (RR) of cardiovascular events for patients with
OSA comparing with controls, using a log-link function
fulfiling the assumptions for binomial distribution.'> We
reported results at 1- and 5-year follow-up. Cumulative
incidence functions by means of the Aalen-Johansen
estimator, assuming death as competing risk, were
used to depict the absolute risk development over time
for the cardiovascular outcomes and all-cause mortal-
ity. Analyses were performed using SAS (version 9.4),
and STATA/MP (version 17). According to Danish legis-
lation, institutional review board approval and informed
consent were not necessary for this type of study.

Sensitivity and Additional Analyses

To investigate if the cardiovascular risk for OSA was
modified by sex and by obesity, the main analysis was
repeated and stratified by sex and by obesity, respec-
tively. Of note, obesity was defined as body mass
index >30, see Table S1. Although cardiovascular out-
comes were restricted to primary ICD-70 codes in the
main analysis, we investigated risk of cardiovascular
outcomes using both primary and secondary codes
in a sensitivity analysis. An age-stratified analysis was
included to allow for insights on the development of
cardiovascular outcomes in different age strata.

RESULTS

After exclusions, the study population comprised
20240 patients with OSA (19.6% female; mean+=SD
age 39.9+7.7 years; Figure 1). Baseline characteristics
are presented in Table 1. A higher proportion of female
patients were diagnosed with obesity (17.4% versus
3.1%) and asthma (6.4% versus 2.5%).

A total of 5283 patients with OSA had an incident
cardiovascular event during follow-up, see Table 2. A
total of 80314 sex- and age-matched individuals con-
stituted the control cohort, 98.3% had 5 controls, and
1.7% had 4 controls available for comparisons.

At 1-year follow-up, 9.8% of the patients with ob-
structive sleep apnea suffered any cardiovascular
event compared with 4.0% of controls, corresponding
to a RR of 2.45 (95% Cl, 2.32-2.59; see Table 3). At
5-year follow-up, 31.8% of the obstructive sleep apnea
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Patients with obstructive sleep apnea

diagnosed between year 2010 and 2018
N =146 007

Y

Y

Patients included in the main analyses

Exclusions:

Migration, invalid personal identification number, or
inconsistent information (n = 2804)

Age <18 years (n = 6371)

Age >50 years (n = 100 345)

Prior hypertension (n = 13 196)

Prior diabetes (n = 2375)

Prior AF, HF, or IHD (n = 371)

Prior venous thromboembolism (n = 225)

Prior ischemic stroke (n = 80)

(study population)
N =20 240

Figure 1. Flow chart of the study population.

AF indicates atrial fibrillation; HF, heart failure; and IHD, ischemic heart disease.

patients experienced any cardiovascular event com-
pared with 16.5% of controls, RR 1.96 (95% ClI, 1.90-
2.02; see Figure 2).

The most frequent individual outcomes were hyper-
tension and diabetes (see Table 2). After 1year, 8.3% of
the patients with OSA and 3.7% of the controls had in-
cident hypertension (RR, 2.28 [95% ClI, 2.15-2.42]) for
patients with OSA compared with controls. At 5-year
follow-up, the risk for incident hypertension was 27.3%
for patients with OSA and 15.0% for controls (RR, 1.84
[95% CI, 1.78-1.90]). The risk of developing diabetes
after 1-year follow-up was 1.4% for the patients with
OSA and 0.2% for the controls (RR, 5.45 [95% CI,
4.54-6.55]). At 5-year follow-up, 6.8% of the patients
with OSA had diabetes and 1.4% of the controls corre-
sponding to an RR of 5.05 (95% Cl, 4.60-5.54).

During follow-up, the risk of the remaining cardio-
vascular outcomes (atrial fibrillation, ischemic heart

disease, ischemic stroke, heart failure, and venous
thromboembolism) ranged between 1.7% for ischemic
heart disease and 0.4% for heart failure. The corre-
sponding risk for controls after 5-year follow-up was
0.9% for ischemic heart disease and 0.1% for heart
failure. The cumulative risk of the cardiovascular sub-
types and all-cause mortality is depicted in Figure 3. A
total of 168 patients with OSA died during follow-up.
After 5-year follow-up, 1.1% of the patients with OSA
had died compared with 0.6% of the controls (RR, 1.81
[95% CI, 1.50-2.20]).

Sensitivity and Additional Analyses

In the sensitivity analysis stratifying on sex, both female
and male patients with OSA had the highest risk of suf-
fering any cardiovascular event compared with their
controls (see Figure S1). After 5-year follow-up, 37.4%
female patients had experienced a cardiovascular event

Table 1. Descriptive Characteristics of Patients Aged <50 Years With Obstructive Sleep Apnea

Male patients with OSA Female patients with OSA All patients with OSA
No. (%) 16277 3963 20240
Age, y, mean+SD 39.9+7.6 39.9+8.3 39.9+7.7
18-29 11.6 (1883) 13.9 (549) 12.0 (2432)
30-39 29.9 (4869) 26.6 (1055) 29.3 (5924)
39-45 29.1 (4738) 27.0 (1071) 28.7 (5809)
46-50 29.4 (4787) 32.5 (1288) 30.0 (6075)
Asthma, % (N) 2.5 (407) 6.4 (254) 3.3 (661)
Chronic obstructive pulmonary disease, % (N) 0.7 (106) 1.2 (46) 0.8 (152)
Alcohol related liver disease, % (N) n/a* n/a* 0.1 (21)
Obesity, % (N) 3.1 (509) 17.4 (689) 5.9 (1198)
Statin treatment, % (N) 3.7 (598) 3.5 (137) 3.6 (735)

*Cells are masked owing to data legislation requirements of not presenting cells below 5 subjects.

n/a indicates not available; and OSA, obstructive sleep apnea.

J Am Heart Assoc. 2024;13:e033506. DOI: 10.1161/JAHA.123.033506
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Table 2. Cumulative 1- and 5-Year Risk of Cardiovascular Disease or Death by Obstructive Sleep Apnea Status

Any cardiovascular 1943 9.8 (9.4-10.2) | 3110 4.0 (8.9-4.2) 5283 31.8 10026 16.5
event (31.1-32.6) (16.2-16.8)
Hypertension 1656 8.4 (8.0-8.7) 2826 3.7 (3.6-3.8) 4523 27.3 9116 15.0
(26.6-28.0) (14.7-15.3)
Diabetes 270 1.4 (1.2-1.5) 179 0.3(0.2-0.3) | 1070 6.8 (6.4-7.3) | 798 1.4 (1.3-1.5)
Atrial fibrillation 12 0.1 (0.0-0.1) 43 0.1 (0.0-0.1) 75 0.5(0.4-0.6) | 188 0.3 (0.3-0.4)
Ischemic heart disease 74 0.4 (0.3-0.5) 129 0.2 (0.1-0.2) 257 1.7 (1.5-1.9) 539 0.9 (0.8-0.9)
Ischemic stroke 10 0.1 (0.0-0.1) 33 - 73 0.5(0.4-0.6) | 196 0.3(0.3-0.4)
Heart failure 20 0.1 (0.1-0.2) 26 - 68 0.4 (0.3-0.5) | 100 0.2 (0.2-0.2)
Venous 29 0.1 (01-0.2) 63 0.1 (0.0-0.1) 149 1.0(0.8-11) | 280 0.4 (0.4-0.5)
thromboembolism
All-cause mortality 43 0.2 (0.2-0.3) 50 0.1 (0.0-0.1) 168 11 (0.9-1.9) 334 0.6 (0.5-0.7)

OSA indicates obstructive sleep apnea.

(RR, 1.84 [95% CI, 1.74-1.96]) and 30.6% of the male
patients (RR, 2.02 [95% CI, 1.95-2.09]; Figure S2;
Table S2). When stratifying on obesity, patients with
OSA had the highest risk of suffering any cardiovas-
cular event regardless of obesity status. After 5-year
follow-up, 41.2% of the patients with obesity and OSA
had an event compared with 27.5% of the controls with
obesity (RR, 1.44 [95% ClI, 1.18-1.77]). For participants
who were nonobese, the numbers were 31.4% and
16.5%, respectively (RR, 1.93 [95% ClI, 1.87-1.99]). In
the analysis using both primary and secondary codes
for the cardiovascular diseases, similar risk estimates
were found as in the primary analysis (data not shown).
The age-stratified analysis showed that the risk of any
cardiovascular events was highest among those aged
46 to 50years (see Figure S3).

DISCUSSION

In this large nationwide cohort of adult patients aged
<50 years with OSA, a total of 5283 patients experi-
enced a cardiovascular event during 5years of follow-
up with a corresponding risk of 31.8% for the patients
with OSA compared with 16.5% among the matched
controls. The combined outcome was predominantly
driven by incident hypertension and diabetes. For all
cardiovascular outcomes and all-cause mortality, the
risk was highest for patients with OSA compared with
matched controls.

Adults with OSA not only have an increased risk of
developing comorbid cardiovascular disease but also
have worse outcomes related to cardiovascular dis-
ease.'® Yet, in many studies investigating cardiovascular

Table 3. Relative Risk (95% CI) of Cardiovascular Events for Patients with Obstructive Sleep Apnea Compared With

Controls

Any cardiovascular event 2.45 (2.32-2.59) 1.96 (1.90-2.02)
Hypertension 2.28 (215-2.42) 1.84 (1.78-1.90)
Diabetes 5.45 (4.54-6.55) 5.05 (4.60-5.54)
Atrial fibrillation 1.20 (0.62-2.31) 1.32 (1.00-1.74)
Ischemic heart disease 2.16 (1.63-2.88) 1.96 (1.67-2.29)
Ischemic stroke 1.45 (0.70-3.01) 1.51 (1.14-2.01)
Heart failure 319 (1.76-5.77) 1.79 (1.29-2.50)
Venous thromboembolism 2.50 (1.57-3.99) 2.31 (1.87-2.86)
All-cause mortality 3.38 (2.24-5.12) 1.81 (1.50-2.20)

*Patients without obstructive sleep apnea (controls) as the reference in all categories.

J Am Heart Assoc. 2024;13:e033506. DOI: 10.1161/JAHA.123.033506
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Cardiovascular events

20
1

1

Cumulative incidence (%)
10

Obstructive sleep apnea

Time since diagnosis (years)

T

3 4 5

Figure 2. Cumulative incidence of any cardiovascular event by obstructive sleep apnea status

at 5-year follow-up.

risk in patients with OSA, the cohorts studied were
middle aged or older.'-"9 However, the disease is not
restricted to individuals with advanced age. In a large
French cohort study on more than 20 000 participants,
an estimated prevalence of treated sleep apnea or high
risk of OSA among 40- to 49-year-olds was 19.1%.%°
Given our study aim, we studied a relatively young co-
hort with a mean age of 40years. Despite this selection
of a presumably healthier group of patients with OSA,
we observed a clear pattern in cardiovascular risk.
The absolute risks for hypertension and diabetes were
highest, and lower for atrial fibrillation, ischemic heart
disease, ischemic stroke, heart failure, and venous
thromboembolism. However, disregarding outcome
subtype, cardiovascular event risk was consistently
highest for patients with OSA and close to double that
observed in controls.

The high cardiovascular event risk for patients with
OSA is underscored when further focusing on all-
cause mortality. Despite our relatively young cohort,
the risk of all-cause mortality was close to double
for patients with OSA compared with controls (RR,
1.81 [95% CI, 1.50-2.20] for patients with OSA). A
higher mortality risk for patients with OSA has been
described previously in older cohorts. In an observa-
tional study?' of male patients followed up for a mean
of 10.1years after referral to sleep centers, untreated
severe OSA was associated with an odds ratio (OR) of
2.87 (95% Cl, 1.17-7.51) for fatal cardiovascular events

J Am Heart Assoc. 2024;13:e033506. DOI: 10.1161/JAHA.123.033506

compared with untreated healthy participants.?' In the
Wisconsin Sleep Study, individuals with severe OSA
had an adjusted HR of 3.0 (95% ClI, 1.4-6.3) for all-
cause mortality compared with those with no OSA.'®
After excluding persons who had used CPAP treat-
ment, the adjusted HR for severe versus no OSA was
5.2 (95% ClI, 1.4-19.2).'® The study participants were
relatively young compared with other studies with a
mean age of 48years.

OSA and cardiovascular disease commonly cooc-
cur, probably reflecting both causal relationships and
shared prognostic factors, such as male sex, older
age, and obesity. In our sensitivity analysis stratifying
on obesity, both patients with and without obesity with
OSA had the highest risk of suffering an event. The
patients with obesity and OSA compared with controls
with obesity had a 5-year RR of 1.44 indicating, that
the higher risk of cardiovascular events among pa-
tients with OSA cannot solely be explained by obesity.

Of all the cardiovascular disease processes asso-
ciated with OSA, the relationship with hypertension is
possibly the best established. It has been shown that
in patients with resistant hypertension, up to 80% may
have OSA.?? A dose-dependent relationship between
the severity of OSA at baseline and the relative risk of de-
veloping hypertension during follow-up was described
using the Wisconsin Sleep Cohort.?® Relative to a ref-
erence category of an apnea—hypopnea index of O, the
ORs for the presence of hypertension during follow-up
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Figure 3. Cumulative incidence of individual cardiovascular events and all-cause mortality by obstructive

sleep apnea status.

Please note, different scaling on the y axes. Ischemic heart disease including angina pectoris, acute myocardial
infarction, subsequent myocardial infarction, complications following acute myocardial infarction, other acute
ischemic heart diseases, and chronic ischemic heart disease. OSA indicates obstructive sleep apnea.
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for patients with mild sleep apnea (apnea—hypopnea
index of 5 to 15) was 2.03 (95% ClI, 1.29-3.17), and 2.89
(95% CI, 1.46-5.64) for patients with an apnea—hypo-
pnea index >15.0.%% In our study, hypertension was the
most frequent cardiovascular outcome, developed in
more than a third of the patients with OSA during fol-
low-up. OSA is a condition with potential for negative
feedback in which it worsens conditions that may in turn
worsen the OSA making defensive actions highly rele-
vant.® Hypertension can easily be detected and often
easily treated. Protective actions are required from sev-
eral specialties ranging from general practitioners mea-
suring and controlling the blood pressure or diabetes,
otolaryngologists diagnosing and treating the OSA, and
cardiologist diagnosing and treating the cardiovascular
complications. Importantly, the aim of our study was
descriptive rather than assessing causality. Therefore,
a conclusion of a beneficial effect of OSA treatment or
general disease avoidance on future risk of cardiovas-
cular risk cannot be drawn from the study.

The second most frequent outcome in our study
was diabetes. OSA has previously been associated
with a greater likelihood of metabolic syndrome and
type 2 diabetes, independently of adiposity level.?* In
a meta-analysis from 2015, the pooled ORs of met-
abolic syndrome in individuals with OSA for cross-
sectional and case—control studies were 2.87 (95% Cl,
2.41-3.42) and 2.56 (95% ClI, 1.98-3.31), respectively.
In a cohort study on 544 patients referred to a sleep
center, an association was found between OSA and
incident diabetes with an HR per quartile of 1.43 (95%
Cl, 1.10-1.86)."° However, the sleep apnea group was
older, with a mean age of 62.9years versus 57.6years,
respectively. Among patients with more severe sleep
apnea (upper 2 quartiles of severity), 60% had evi-
dence of regular positive airway pressure use, and this
treatment was associated with an attenuation of the
risk of diabetes."®

Previous studies have demonstrated that atrial fibril-
lation and OSA often coexist.® Independently of obe-
sity and other established risk factors, OSA diagnosis
and severity have been independently associated with
developing incident atrial fibrillation.?® In management
guidelines, OSA is highlighted as a risk factor in atrial
fibrillation and recommends a sleep monitoring pro-
cedure for patients with atrial fibrillation suspected for
obstructive sleep apnea.?® In a Danish cross-sectional
study from 2023, 126 unselected patients with atrial
fibrillation without known OSA were recruited from an
outpatient clinic.'” The median age of the patients was
68years. The study detected moderate to severe OSA
in 56% of the patients." In our study, 0.5% of the sleep
apnea patients and 0.3% of the controls developed
atrial fibrillation during follow-up. We suspect this rel-
atively low risk in our study to be closely linked to our
younger cohort.
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In an American Heart Association scientific state-
ment from 2021, patients with OSA should be treated
with the goal of preventing or mitigating cardiovascular
disease.® Our study indicates that this goal should not
be limited to middle-aged and older patients usually
included in studies but rather extended to also apply
to younger patients. Of note, more studies on causal
interference between OSA and cardiovascular disease
is needed. However, we suspect that to finally achieve
this goal an interdisciplinary action from both general
practitioners, otolaryngologists, and cardiologists is
needed to mitigate the consequences of cardiovascu-
lar disease in patients with OSA.

Limitations

With OSA being arecognized and often underdiagnosed
disease, we expect some degree of misclassification
stemming from undiagnosed OSA in the control group.
This may cause an overestimation of the cardiovascular
risk in the control group. Conversely, misclassification
in the group with OSA may lead to underestimation of
the associated cardiovascular risk. Whether misclassi-
fication is influenced by age is unknown. However, the
misclassification was limited using diagnosis codes re-
cently validated, ensuring a positive predictive value of
at least 89%."® Also, we recognize some degree of mis-
classification between the outcome categories based
on an overlap of medical indications and diagnosis.
For obesity, there is a recognized high validity of the
ICD-10 codes for overweight/obesity when recorded;
however, completeness of coding is low.?” Finally, we
were not able to differentiate in types of diabetes. The
diabetic outcome was defined using /CD-70 codes and
use of antidiabetic medication. We excluded patients
aged <18 years and patients with existing diabetes and
therefore expect most patients to develop type 2 diabe-
tes during follow-up.?®

The disease severity (apnea—hypopnea index) and
the oxygen desaturation index among the patients with
OSA was unknown. Therefore, we were not able to in-
vestigate the association of severity of OSA and risk of
cardiovascular disease.

The nationwide Danish health registries have been
demonstrated to have nearly complete follow-up re-
ducing the likelihood of bias introduced by subjects
lost to follow-up. Our study included a large number
of events, which further minimizes the risk of random
variation.

CONCLUSIONS

In this large nationwide cohort, the risk of developing
cardiovascular events for young patients diagnosed
with OSA is substantial. To prevent cardiovascular dis-
ease progression, accumulation of cardiovascular risk
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factors, and mortality, risk stratification and prevention
strategies should be considered for these patients.
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