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Abstract

Purpose Patients with obstructive sleep apnea (OSA) are at increased risk of cardiovascular and cerebrovascular disease
(CVD) but it is unclear who are at greatest risk. We determined whether the inflammatory marker, C-reactive protein (CRP),
could be a useful prognostic biomarker.

Methods Adult patients referred for polysomnography (PSG) with OSA were studied. Serum CRP levels were measured
using ELISA the morning after PSG. Validated CV events within 4 years of PSG were ascertained by linking to provincial
research datasets.

Results 155 patients with OSA (AHI > 5/h) had CRP measured. Median age was 53 and median AHI was 21/h. 10 patients
(7.1%) suffered at least one event, but rates varied substantially by CRP (0/35 patients in the lowest quartile, and 7/39 in the
highest CRP quartile). In the unadjusted analysis, patients in the highest CRP quartile (>2.38 mg/L) were significantly more
likely to suffer an event (odds ratio=9.72 (95% CI 2.43-38.84), p=0.001). CRP continued to be a significant predictor after
controlling for multiple confounders. OSA severity and desaturation were not significantly associated with prospective events.
Conclusions In this small preliminary study, OSA patients with an elevated CRP were significantly more likely to suffer a
CVD event in the 4 years after PSG. Although these findings need to be confirmed in larger prospective cohorts, CRP may
be useful in risk stratifying OSA patients to guide therapy or to identify patients that might be most appropriate for clinical
trials of CVD prevention.
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Introduction

Patients with obstructive sleep apnea (OSA) are at increased
risk of cardiovascular and cerebrovascular disease (CVD)
[1]. One potential mechanism for this increased risk is the
B N.T. Ayas systemic inflammatory response associated with the devel-

nayas @providencehealth.bc.ca opment of atherosclerosis [2]. C-reactive protein (CRP), an
inflammatory biomarker, is an independent predictor value
of CV events [3]. Also, a recent randomized controlled trial
of an anti-inflammatory (interleukin-1f inhibitor) showed a
reduction in CV events with treatment confirming the piv-
otal role of systemic inflammation [4]. Furthermore, rodents
exposed to intermittent hypoxia and patients with OSA have
increased systemic inflammation, including elevated levels
of CRP, which in part is mediated by oxidative stress [5].
This suggests the systemic inflammatory response may be a
pivotal pathway by which OSA leads to CVD [6].
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However, it is unclear which OSA patients are at particu-
larly high risk, as factors such as sleep apnea severity are not
particularly robust predictors. Identifying high risk patients
would be valuable as more aggressive treatment of OSA
and other CV risk factors could be considered. Furthermore,
these patients could be preferentially enrolled in randomized
controlled trials of CVD preventative therapy [7].

Circulating inflammatory biomarkers may be useful in
identifying such a high-risk group. The purpose of this study
was to determine if levels of CRP would be useful as a prog-
nostic biomarker in predicting CV events in patients with
OSA.

Methods
Study Participants

Adult patients (> 18 years of age) referred to the Univer-
sity of British Columbia Hospital Sleep Disorder Labora-
tory for inpatient polysomnography (PSG) for suspected
OSA between January 2003 and July 2011 were eligible.
Patients were excluded if they were medically unstable, had
a mental disability or dementia, active psychiatric disease,
or were unable to provide informed consent. The study was
approved by the UBC Behavioural Research Ethics Board
(H13-00346).

On the night of PSG, each patient was given a question-
naire that was completed in the laboratory which included
self-reported information about medical history (including
physician diagnosed cardiovascular disease, diabetes, hyper-
tension, and use of lipid lowering medication), and smoking
status. Sleepiness was measured by the Epworth Sleepiness
Scale (ESS), an eight-question survey asking a patient his/
her likelihood of falling asleep during different activities
[8]. Body Mass Index (BMI) was calculated from height
and weight measurements taken while patients were wear-
ing light clothing.

CPAP prescription was determined by reviewing clinic
records, and adherence defined as use of CPAP more than
4 h/night more than 70% [9] of nights extracted from physi-
cian reports. Adherence was predominately based on subjec-
tive reports rather than objective CPAP downloads, as this
technology was not readily available during this time.

Measurement of CRP

All blood samples were collected the morning after PSG by
venipuncture and centrifuged into aliquots of serum, plasma,
and genetic material; these were stored in a — 80 °C freezer.
Samples of serum were thawed and levels of C-reactive pro-
tein (CRP) were measured using a high sensitivity ELISA
assay (R&D Systems, Minneapolis, MN, USA).
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Ascertainment of OSA Severity

Inpatient full night attended polysomnogram (PSG) was
performed using conventional instrumentation and scored
according to the recommendations on syndrome definition
and measurement techniques published by the American
Academy of Sleep Medicine [10]. Patients were defined as
having OSA and included in the analysis if AHI was > 5/h
of sleep. OSA severity was also classified according to
standard threshold values (AHI< 15/h for mild, > 15
and < 30 for moderate, > 30/h for severe disease) [11].
Desaturation was defined as the percentage of sleep time
spent below 90%.

Ascertainment of Events

The following outcomes were used to define the compos-
ite outcome of cardiovascular and cerebrovascular events:
stroke, myocardial infarction, hospitalization for heart fail-
ure, acute coronary syndrome including myocardial infarc-
tion, ventricular tachycardia, atrial fibrillation, percutaneous
coronary intervention, pacemaker, coronary artery bypass
graft, cardioversion and/or ablation. These events were iden-
tified by linking patients to three different research databases
in British Columbia through Population Data BC: the Car-
diac Services of BC (CSBC) Database, Discharge Abstract
Database (DAD), and Vital Statistics Database. Linkage thus
captured BC residents who had an invasive CVD procedure,
a CVD related hospitalization, and death from any cause.
All events that happened within 4 years following PSG were
obtained. Of note, the coding for these outcomes have been
validated in previous studies [12].

Analysis

Patients’ inclusion in the analysis was determined by BC
residency, which was based on Medical Service Plan (MSP)
registry data. Patients were excluded if they were absent
from the registry for a period of > 6 consecutive months at
any point in the 4 years following PSG, a criterion used in
previous studies of CVD outcomes using these datasets [13].

For continuous variables, median and interquartile range
values were reported. For categorical variables, counts and
percentages were reported.

We assessed whether the highest quartile of CRP was
associated with variables such as age, sex, OSA severity
((log (AHI + 1) was used as AHI distribution was skewed),
desaturation, subjective sleepiness (Epworth Sleepiness
Scale score), BMI, lipid lowering medication, hypertension,
prior myocardial infarction or stroke, diabetes, and family
history of early CVD (CVD in father prior to 55 years of age,
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or CVD in mother prior to 65 years of age) using logistic
regression.

The relationship between level of CRP and the incidence
of CVD was assessed prospectively, using CRP quartiles.
Because of relatively equal exposure time (only 6 patients
(3.87%) did not have 4 years of follow-up available), rela-
tively rare outcome events, and complete follow-up of all
patients, logistic regression was selected as the model for
analysis. We assessed whether other variables described
above were associated with the composite outcome using
logistic regression models.

Results

490 patients had blood taken and stored; 180 patients had
CRP measured. Of note, only 6 patients were excluded
because of absence from the registry for more than 6 months.
Of these, 155 had OSA and were used in the analysis
(Table 1). The majority were male, median age was 53 yrs,
and median AHI was 21/h though degree of desaturation was
modest (median of 7.4% of time spent below 90%).
Median CRP was 1.61 mg/L. Maximum value was
2.75 mg/L as exact levels above this were not available from
the ELISA; 34 patients had a CRP at or above this level.
Characteristics of patients classified by CRP are shown in
Table 1. In univariate logistic regression analyses, being in
the highest quartile of CRP was significantly associated with
desaturation (p =0.004) and BMI (p <0.0001). Age, sex,

Table 1 Baseline characteristics

ESS Score, diabetes, lipid lowering medications, previous
Ml/stroke, and log(AHI+ 1) were not (p >0.1). However,
when both BMI and desaturation were included in a logis-
tic regression model, BMI remained a significant predic-
tor (p=0.001) but desaturation was no longer significant
(p=0.17). The interaction between the two variables (BMI
and desaturation) was also tested and found to be not sig-
nificant (p =0.75).

Prospective CVD

A total of 10 patients (7.1% of patients of the cohort) suf-
fered 17 events in the 4 years after PSG (Characteristics
shown in Table 2). The events were as follows: four myocar-
dial infarctions, three cases of unstable angina, one stroke,
one case of ventricular tachycardia, one case of atrial fibril-
lation, one coronary artery bypass graft, one cardioversion,
four percutaneous coronary interventions (PCI) and one
pacemaker placement. Of note, the pacemaker placement
was in the context of a PCI and unstable angina. No deaths
were reported. Rates varied substantially by CRP (Fig. 1)
with no events in patients in the lowest CRP quartile, and
a much greater rate in the highest quartile (7/39, 18%). In
the unadjusted analysis, patients in the highest CRP quartile
(=2.38 mg/L) were significantly more likely to suffer an
event compared to all other patients (odds ratio=9.72 (95%
CI 2.43-38.84), p=0.001).

OSA severity was not associated with events; 4/55
patients with mild OSA (7.27%), 2/57 patients with

Variable All patients Patients in first Patients in second  Patients in third Patients in fourth p value
quartile of CRP quartile of CRP quartile of CRP quartile of CRP
levels levels levels levels
Gender (male) 112 (72.3%) 31 (88.6%) 30 (76.9%) 26 (61.9%) 25 (64.1%) 0.04
Age (years) 53.0 (44.0-60.0) 52.0 (43.0-57.0)  50.0 (38.5-58.0) 56.5 (46.0-62.0) 55.0 (46.0-61.0) 0.37
Body mass index (kg/m?) 309 (26.6-36.4) 27.8 (24.3-31.2)  30.3 (24.8-34.2) 32.5(28.1-37.6) 33.6 (30.4-43.4) <0.01
CRP levels (mg/L) 1.61 (0.66-2.38)  0.41(0.24-0.55)  1.02 (0.72-1.31) 1.86 (1.68-2.13) >2.38 <0.01
AHI (events/h) 21.0(11.1-32.4)  20.2(11.1-34.0)  16.1 (10.0-27.8) 21.7 (13.2-35.9) 21.4 (8.3-33.8) 0.16
Percent time with saturation  7.42 (0.98-31.66) 3.61 (4.50-17.07) 8.98 (1.22-28.10) 15.01 (1.56-26.00) 8.95 (0.84-49.03) 0.03
below 90%
Use of lipid lowering drugs 31 (20.4%) 7 (20.0%) 8 (20.5%) 10 (25.0%) 6 (15.8%) 0.72
Previous myocardial infarc- 9 (5.8%) 1(2.9%) 4 (10.3%) 2 (4.8%) 2(5.1%) 0.76
tion or stroke
Diabetes 16 (10.3%) 2 (5.7%) 4 (10.3%) 6 (14.3%) 4 (10.26%) 0.45
Hypertension 29 (18.7%) 1(2.9%) 9(23.1) 12 (28.6%) 7 (17.95%) 0.06
Family history of premature 20 (12.4%) 3 (8.6%) 6 (15.4%) 6 (14.3%) 5(12.8%) 0.84
CVD
ESS 10 (6-14) 10 (8-13) 11 (5-14) 10 (6-15) 10 (6-16) 0.73

Continuous variables are presented as medians with interquartile ranges, and categorical variables as counts and percentages. For continuous
variables group differences were tested using anova procedures and for categorical variables group differences were tested using the y? test. Fam-
ily history was defined as a father with CVD before the age of 55 or a mother with CVD before the age of 65
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Table 2 Characteristics of

8 . > Variable Patients without event Patients with event p value
patients with and without an
event Gender (male) M=103 (71.03%) M=8 (80.00%) 0.55
F=42(28.97%) F=2(20.00%)
Age (years) 52.0 (43.0-59.0) 62.0 (55.0-69.0) <0.01
Body mass index (kg/m?) 30.84 (26.42-36.68) 31.67 (30.46-32.72) 0.73
CRP levels (mg/L) 1.55 (0.62-2.22) 2.75 (1.94-2.75) <01
AHI (events/h) 20.60 (11.4-31.5) 21.25 (8.2-55.3) 0.34
Percent time with saturation below 90% 8.33 (0.95-32.90) 3.33 (0.12-17.00) 0.98
Use of lipid lowering drugs Yes =29 (20.00%) Yes=2 (20.00%) 0.97
No=116 (80.00%) No=28 (80.00%)
Previous myocardial infarction or stroke Yes=28 (5.51%) Yes=1 (10.00%) 0.55
No=137 (94.48%) No=9 (90.00%)
Diabetes Yes=15 (10.34%) Yes=1 (10.00%) 0.98
No =130 (89.66%) No=9 (90.00%)
Hypertension Yes=28 (19.31%) Yes=1 (10.00%) 0.47
No=117 (80.69%) No=9 (90.00%)
Family history of premature CVD Yes=18 (12.41%) Yes=2 (20.00%) 0.48
No=127 (87.59%) No=28 (20.00%)
ESS 10 (6-14) 13 (8-13) 0.72
Continuous variables are presented as medians with interquartile ranges, and categorical variables as
counts and percentages. For continuous variables group differences were tested using anova procedures and
for categorical variables group differences were tested using the y? test
Fig. 1 Number of Patients with 8
and without a cardio or cerebro-
vascular event in the 4 years 7

after PSG by CRP Quartiles

Number of Patients
D

CRP Q1

moderate OSA (3.51%), and 4/43 patients with severe
OSA (9.30%) had an event. When compared to patients
with mild or moderate disease, patients with severe OSA
did not have a significantly increased rate of events (OR
1.54 (95% CI 0.55-4.37), p=0.41). Log(AHI + 1) and
desaturation were not significant predictors (p =0.74, 0.35
respectively).

We also performed logistic regression with each of the
following variables individually to see if any were associated
with prospective events (i.e., age, sex, lipid lowering drugs,
diabetes, hypertension, BMI, family history, ESS, and prior
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CRP Q2 CRP Q3 CRP Q4

MW Event= Yes

MI or stroke). Only age was a significant predictor (OR 1.09,
1.02-1.16, p=0.01); the others were not (p >0.5).

In a multivariate logistic regression model with age and
CRP, both age (OR 1.11, 1.02-1.22, p=0.015) and the 4th
CRP quartile (OR 12.5, 2.04-76.8, p=0.006) were sig-
nificant independent predictors. The interaction between
the two variables was tested and found to be insignificant
(p=0.97). Because of the small number of events, we did
not perform multivariate modelling with a large number of
covariates. However, when we separately added the follow-
ing confounders individually (i.e., sex, lipid lowering drugs,
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diabetes, hypertension, BMI, family history, ESS, prior MI
or stroke, log (AHI+ 1) or desaturation), being in the 4th
CRP quartile continued to be a significant risk factor for an
event (p <0.02) for each of the variables added.

Of these 155 patients, we were able to obtain the clinic
records of 97 patients (some were unfortunately housed off
site and impossible to obtain) for CPAP information. CPAP
was prescribed in 85 of these patients and 50 were adherent.
In these 97 patients, neither CPAP prescription nor adher-
ence was significantly associated with CVD events.

Discussion

In this study, CRP was a strong, independent risk factor for
CV events in patients with OSA, and this persisted after
controlling for confounders of CVD risk. In univariate analy-
ses, CRP at baseline was associated with desaturation, and
is consistent with animal and human studies demonstrating
that OSA may contribute to systemic inflammation [14, 15].
To our knowledge, this is the first study that has examined
the potential utility of circulating biomarkers in predicting
prospective CVD risk in OSA patients [16].

If these findings are confirmed in other larger cohorts,
CRP could eventually be useful as a prognostic biomarker
in OSA patients. Specifically, CRP could identify patients
at high risk of incident CVD. In such a patient, one might
consider more aggressive screening and management of risk
factors such as hypertension, obesity, inactivity, and hyper-
lipidemia. In addition, instituting interventions to improve
CPAP adherence might be considered, as CPAP can reduce
CRP [17]. In addition, CRP may also be useful in enrich-
ing future randomized controlled trials in the area of CVD
prevention; recruiting a high risk group may increase study
power.

Strengths of our study included the prospective design
and the fact OSA severity was assessed using the gold
standard (PSG). Also, CVD events were based on validated
administrative codes rather than self-reports. However, we
acknowledge that there are a number of limitations to our
study. The first is the relatively small size of the study, espe-
cially in terms of number of events. Second, this was a single
centre study in one geographic location. As such, these find-
ings may not be generalizable and should be verified in other
OSA patient cohorts. Third, CRP was measured at only one
time point, in the morning after their PSG. Whether CRP
at other times of day would have the same predictive value
is unclear. Fourth, we did not have measures of objective
CPAP adherence in our study. Determining whether CPAP
adherence modifies the association between CRP and risk of
CVD would be useful to ascertain in future studies.

In conclusion, OSA patients in the highest quartile of
CRP (>2.38 mg/L) were significantly more likely to suffer

a CVD event in the 4 years after PSG. Although these find-
ings need to be confirmed in larger prospective clinic-based
cohorts, these findings raise the potential clinical utility of
CRP in risk stratifying OSA patients to guide therapy or to
identify a group that might be most appropriate for clinical
trials of interventions.
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