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Study Objectives: Obstructive sleep apnea (OSA) and hypertension are independent risk factors of cardiovascular morbidities. This study aims to investigate 
the relationship between OSA, blood pressure (BP) control, and myocardial injury in patients with difficult-to-control hypertension.
Methods: Patients with hypertension who required three or more medications were prospectively recruited at a tertiary referral center. In-laboratory 
polysomnography, followed by blood tests for fasting glucose, glycated hemoglobin, lipids, high-sensitivity troponin I (hsTnI), B-type natriuretic peptide (BNP), 
C-reactive protein, and advanced oxidation protein products were performed. After polysomnography, 24-hour ambulatory BP monitoring was arranged.
Results: A total of 98 participants were analyzed, with mean age 51 ± 9 years and body mass index 30 ± 5 kg/m2. Previously undiagnosed severe OSA (apnea-
hypopnea index [AHI] ≥ 30 events/h) was present in 51 patients (52%). hsTnI was negatively correlated with nocturnal dip in systolic BP (r = −.205, P = .048). 
After controlling for confounders, including BP control, AHI and oxygen desaturation index (ODI) were positively correlated with hsTnI (r = .282, P = .009 and 
r = .279, P = .010, respectively) and C-reactive protein (r = .302, P = .005 and r = .285, P = .008, respectively), but not with BNP or advanced oxidation protein 
products. Age, ODI, and loss of nocturnal systolic BP dip were significant determinants of hsTnI level (β = .225, P = .022; β = .293, P = .003; and β = −.215, 
P = .029; R2 = .151). Age, female sex, 24-hour mean diastolic BP, and metabolic syndrome, but not indices of apnea severity, were predictors of BNP level.
Conclusions: Unrecognized severe OSA was common in patients with difficult-to-control hypertension, and OSA severity was associated with myocardial 
injury, independent of BP control with medications.
Clinical Trial Registration: Registry: ClinicalTrials.gov, Title: A Cross-sectional Study of the Occurrence and Effect of Obstructive Sleep Apnea in Subjects 
With Resistant Hypertension, Identifier: NCT00843583, URL: https://clinicaltrials.gov/ct2/show/NCT00843583
Keywords: brain natriuretic peptide, hypertension, obstructive sleep apnea, troponin
Citation: Lui MM, Tse HF, Mak JC, Lam DC, Chan CW, Chong PW, Ip MS. Untreated obstructive sleep apnea is associated with myocardial injury 
independent of blood pressure control in hypertension. J Clin Sleep Med. 2018;14(11):1841–1847.

INTRODUCTION

Obstructive sleep apnea (OSA) and hypertension are highly 
prevalent diseases worldwide and both are linked to a series 
of cardiovascular diseases, mortality, and tremendous eco-
nomic loss.1–3 OSA is common in patients with resistant hy-
pertension, with prevalence rates ranging from 71% to 85%.4–7 
Hypertension is known to lead to end- organ damage, but 
the effect of concomitant OSA on end-organ injury has not 
been well investigated.7

Lately, the causal relationship between OSA and coronary 
heart disease (CHD) is strengthened with more evidence.1 
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Interplay of multiple mechanisms, including heightened sym-
pathetic activity, activated inflammation, oxidative stress, and 
impaired vascular repair in OSA, has been implicated to explain 
the association.8,9 Troponin I is widely used as a sensitive and 
specific marker of myocardial injury in acute coronary syn-
dromes, and recent availability of high-sensitivity troponin I 
(hsTnI) assay allows its detection in the general population and 
in patients with stable CHD.10 Several studies have investigated 
the relationship between troponin level and OSA severity in 
stable patients, but results have been conflicting.11–17 Another 
biomarker, B-type natriuretic peptide (BNP), has been used for 
diagnosis and prognostication of heart failure.18 Most studies did 

BRIEF SUMMARY
Current Knowledge/Study Rationale: Individuals with hypertension requiring multiple medications have a high cardiovascular risk, and they 
commonly have concomitant obstructive sleep apnea (OSA). Evidence supporting the association between OSA and myocardial damage in difficult-to-
control hypertension is lacking.
Study Impact: This is the first study substantiating that low-grade myocardial injury is present in patients with OSA and difficult-to-control 
hypertension, irrespective of blood pressure control with medications. Frequent intermittent hypoxia, aging, and loss of nocturnal dip in systolic blood 
pressure were predictors of higher high-sensitivity troponin level. The current study affirms the high prevalence of severe OSA in difficult-to-control 
hypertension, and emphasizes that in addition to controlling blood pressure with medications, it is also necessary to target the control of OSA to 
mitigate cardiovascular risk.
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not find a significant association between OSA severity and BNP 
levels. C-reactive protein (CRP) and advanced oxidation protein 
products, indicating systemic inflammation and oxidative stress 
respectively, were also investigated in the current study.

Given the advent of many potent antihypertensive drugs, 
blood pressure (BP) control could be achieved more effectively, 
and theoretically end-organ injury due to high BP should be 
mitigated. We hypothesize that untreated OSA would confer 
independent myocardial injury in these patients, even if BP 
control is achieved with medications. This study aims to inves-
tigate the prevalence of untreated OSA and its association with 
myocardial injury, regardless of BP control, in a clinic-based 
Chinese sample with difficult-to-control hypertension—de-
fined as requiring three or more antihypertensive medications.

METHODS

Participant Recruitment
Medical records of Chinese patients (age 18 years or older) 
attending the Hypertension Clinic, Department of Medicine, 
Queen Mary Hospital, were screened for eligibility. Those 
who were on three or more antihypertensive medications for 
BP control were selected and interviewed by the investigators 
between February 2009 and February 2014. They were invited 
for overnight attended polysomnography (PSG) at the Ho Ting 
Sik Sleep Disorder Center of Queen Mary Hospital. Types of 
antihypertensive medication included angiotensin-converting 
enzyme inhibitors, angiotensin-receptor blockers, beta block-
ers, calcium-channel blockers, diuretics, alpha blockers, and 
central-acting agents. Metabolic syndrome was defined when 
three of the criteria were met: elevated waist circumference 
(≥ 85 cm for Chinese men, ≥ 80 cm for Chinese women), el-
evated triglyceride level (≥ 1.7 mmol/L) or on medication, re-
duced HDL or on medication (1.0 mmol/L in men, 1.3 mmol/L 
in women) elevated BP or on medication (systolic ≥ 130 mmHg 
and/or diastolic ≥ 85 mmHg), elevated fasting glucose level 
(≥ 100 mg/dL) or on medication.19 All participants fulfilled the 
criteria on BP, and the presence of two additional criteria would 
define metabolic syndrome. BP goal referenced the recommen-
dation from the Eighth Joint National Committee.20 Because 
most of the study participants were younger than 60 years and 
all were at high cardiovascular risk, the universal BP goal of 
systolic BP < 140 mmHg and diastolic BP < 90 mmHg were ad-
opted. Resistant hypertension was defined as BP that remained 
above goal despite the concurrent use of three antihypertensive 
medications, or using more than three medications.21

Exclusion criteria were: moderate renal impairment (glo-
merular filtration rate < 30 mL/min/m2), presence of other 
causes of secondary hypertension, known history of OSA 
with or without treatment, uncontrolled congestive heart fail-
ure, regular use of drugs that affect BP (such as nonsteroidal 
anti-inflammatory drugs or steroid), chronic drinker (alcohol 
intake > 3 times per week), and noncompliance with antihyper-
tensive medications (by interview).

All recruited participants underwent the investigations de-
scribed in the following paragraphs. The study was approved 
by the Institutional Review Board of the University of Hong 

Kong and Hospital Authority Hong Kong (IRB ref: UW08-
421). All participants gave written informed consent. The 
study was registered at ClinicalTrials.gov (NCT00843583). 

Questionnaire, Anthropometric and Ambulatory Blood 
Pressure Measurements
All participants filled in a sleep questionnaire inquiring about 
smoking exposure, drinking status, and Epworth Sleepiness 
Scale (ESS) score. History of CHD with or without interven-
tions, heart failure, and ventricular hypertrophy were deter-
mined via questionnaire and medical records. Body mass 
index (kg/m2) was calculated, and waist circumference was 
measured at a level halfway between the lower rib margin and 
the iliac crest. Ambulatory BP was measured by Spacelab Ul-
tralite monitor (Spacelabs Heathcare, Issaqua, Washington, 
United States) with appropriate cuff sizes, and the measure-
ments were taken every 30 minutes in daytime (7:00 am to 
11:00 pm) and every hour at bedtime (11:00 pm to 7:00 am).22 
The nocturnal decrease in BP (dips in circadian rhythm) was 
calculated by the following formula23:

1 − × 100
average of bedtime blood pressure

average of daytime blood pressure

Polysomnography
Participants underwent an overnight 16-channel PSG (Alice 5 
Diagnostics System; Respironics, Inc., Murrysville, Pennsyl-
vania, United States), which consisted of recording for elec-
troencephalography, electrooculography, electromyography, 
electrocardiography, nasal pressure transducer, thermistor for 
nasal airflow, thoracic and abdominal impedance belts, pulse 
oximetry, tracheal microphone for snoring, and sensors for leg 
and sleep position. Polysomnographic recordings were manu-
ally scored by a qualified technologist. Apnea was scored when 
there was a drop in the peak signal excursion by ≥ 90% of base-
line for ≥ 10 seconds using an oronasal thermal sensor. Hypop-
nea was scored when the peak signal excursions drop by ≥ 30% 
of baseline for ≥ 10 seconds using nasal pressure in association 
with either ≥ 3% arterial oxygen desaturation or an arousal.24 
OSA was defined by apnea-hypopnea index (AHI) ≥ 5 events/h, 
whereas AHI ≥ 30 events/h indicated severe OSA.

Blood Sampling for Biomarker Assays
Blood sample was collected on the next morning after fast-
ing for 8 hours. Biochemical analyses for lipid, glucose, and 
HbA1c were performed. Glomerular filtration rate was calcu-
lated with the Modified Diet in Renal Disease Equation using 
serum creatinine levels. Serum/plasma was stored at −80°C. 
hsTnI was measured by commercially available chemilumines-
cent microparticle immunoassay kits (Architect i1000SR Ab-
bottW, Paris, France), of which the lower level of detection is 
1.2 ng/L. The 99th percentile values of serum hsTnI in the Chi-
nese community-dwelling male and female participants are 8.5 
and 7.6 ng/L, respectively.25 CRP (Diagnostic Systems Labora-
tories Inc., Webster, Texas, United States) and BNP (Architect 
i1000SR AbbottW) were measured by enzyme-linked immu-
nosorbent assay kits. The detectable limit of BNP was above D
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10 pg/mL. The value below the limit would be considered as 
undetectable, and was converted to 0.5 for regression analysis. 
Advanced oxidation protein products (AOPP) was measured in 
duplicate using a microplate reader by spectrophotometric de-
tection method. All assays were performed according to manu-
facturer’s instruction.

Statistics
Variables not in normal distribution were log-transformed for 
parametric tests. Pearson correlation was used to examine for 
any linear association between continuous variables without 
adjustment and their residuals after adjustment for covariates. 
Stepwise multivariate regression analysis with forward selec-
tion was performed with hsTnI and BNP as the dependent vari-
able. Potential determinants of hsTnI and BNP were entered 
as independent variables. For two-group analysis, participants 
were divided into two groups according to their OSA severity: 
those without severe OSA (AHI < 30 events/h) and those with 
severe OSA (AHI ≥ 30 events/h), and the means/medians were 
compared using the t test or Mann-Whitney U test. Chi-square 
test was used for categorical data. Statistical significance was 
defined by values of P < .05. Statistical analysis was performed 
using a commercial software package (SPSS version 20, IBM 
Corp., Armonk, New York, United States).

RESULTS

A total of 786 outpatient medical records were screened for 
eligibility. Of these, 50 individuals (16 were on 3 or more an-
tihypertensive medications) with prior history of OSA were 
excluded. We found 116 individuals who fulfilled the inclusion 
criteria and attended clinic visits. They were interviewed by 
the investigators, and 108 consented to the study and had un-
dergone PSG. Six were excluded from further analysis due to 
inadequate total sleep time (less than 200 minutes), three were 
excluded due to obesity hypoventilation or central sleep apnea, 
and one withdrew due to refusal of 24-hour ambulatory BP 
measurement. Thus, 98 participants were analyzed, of whom 
64 (64.3%) were men. The median age was 52 years (inter-
quartile range 45, 58). Twenty-six participants (27%) had BP 
above goal (uncontrolled BP), whereas 48 (50%) fulfilled the 
definition of resistant hypertension. Seventy-seven participants 
(79%) fulfilled the diagnostic criteria of metabolic syndrome. 
The prevalence of undiagnosed OSA (AHI ≥ 5 events/h) in 
this cohort was 90.8% (n = 89): 17.3% (17/98) had mild OSA, 
21.4% (21/98) had moderate OSA, and 52% (51/98) had severe 
OSA. Among those with severe OSA (n = 51), 30 (59%) had an 
ESS score < 10, indicating that presence of OSA was poorly 
reflected by degree of sleepiness as assessed by ESS.

No direct correlations were found between polysomno-
graphic variables and BP variables (24-hour mean systolic 
or diastolic BP, mean nocturnal systolic or diastolic BP, and 
nocturnal fall in BP), with or without adjustment for con-
founding factors. Presence of severe OSA or OSA sever-
ity indices was not associated with nocturnal BP decrease, 
even after adjustment for the number of antihypertensive 
medications (Table 1).

Nearly all participants (99%) had detectable hsTnI. Twenty-
eight percent of the group with severe OSA and 8.5% in the 
group without severe OSA had higher hsTnI level than the 99th 
percentile values from the community-dwelling control patients 
in a previous study (chi-square, P = .014).25 The presence of se-
vere OSA was associated with higher level of hsTnI (P < .001) 
(Table 1). On crude correlation analysis, AHI was positively 
correlated with hsTnI and CRP levels (r = .295, P = .003 and 
r = .218, P = .033, respectively). Similar positive correlation 
was demonstrated between oxygen desaturation index (ODI) 
and hsTnI and CRP (r = .298, P = .003 and r = .233, P = .022, 
respectively). After controlling for potential confounders, both 
AHI and ODI remained positively correlated with hsTnI and 
CRP (Table 2). No significant correlation was found between 
arousal index, time with oxygen saturation < 90% or minimal 
oxygen saturation, and hsTnI/CRP. There was no correlation 
between any sleep indices and BNP or AOPP levels, with or 
without adjustment for confounders (Table 2).

On multivariate stepwise linear regression model, ODI, age 
and loss of nocturnal systolic BP decrease were found to be de-
terminants of hsTnI level (R2 = .151, β = .293, P = .003; β = .225, 
P = .022; and β = −.215, P = .029, respectively) (Table 3).

Among the 98 participants, 67 (68.4%) had detectable BNP 
level (> 10 pg/mL). Age, female sex, 24-hour mean diastolic 
BP, and presence of metabolic syndrome, but not sleep param-
eters, were the predictors of BNP level (Table 4).

DISCUSSION

Our study highlights the high prevalence of undiagnosed OSA 
(90.8% with AHI ≥ 5 events/h) in a Chinese clinic cohort with 
hypertension requiring three or more antihypertensive medi-
cations, which is in line with previous reports on other ethnic 
groups. Most (73%) of the cohort achieved BP pressure con-
trol using multiple medications, and there was no association 
between indices of OSA severity and BP readings on 24-hour 
ambulatory monitoring. However, for the first time, it is dem-
onstrated that there is a linear correlation between OSA se-
verity and troponin I level independent of BP control in these 
participants who have a high cardiovascular risk at baseline. 
Severity of intermittent hypoxia (ODI), age, and loss of noc-
turnal systolic BP decrease are the predictors of troponin level.

The importance of OSA in difficult-to-control hypertension 
is underrecognized. Only 6.4% of the clinic cohort (50/786) 
had known OSA prior to the study, which is similar to the rate 
(< 10%) reported in a large retrospective cohort study in Cali-
fornia.26 Hypertension afflicts 20% to 25% of the general popu-
lation in Hong Kong, and among which about 12% has resistant 
hypertension.27,28 In the presence of OSA, the concomitant 
presence of hypertension that requires multiple medications, 
compared to simple hypertension, has been shown to confer 
higher risks of ischemic heart disease (hazard ratio 1.24) and 
congestive heart failure (hazard ratio 1.43) in a retrospective 
study.26 The advent of hsTnI assays has allowed the detec-
tion of subclinical myocardial insults in the general popula-
tion or patients in stable cardiovascular state.29 Higher hsTnI 
level has been associated with structural heart disease, risk of D
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cardiovascular events, and mortality.30–32 However, studies on 
the relationship between troponin and OSA reported conflict-
ing findings. Several studies on participants with stable CHD 
did not find any association between OSA and troponin lev-
els,11,17,33,34 whereas other studies on participants with either sta-
ble CHD or heart failure reported that AHI was independently 
associated with higher troponin level.35–37 The contradictory 
findings can partially be explained by variations in troponin 
assays using either high-sensitivity troponin T (hsTnT) or 
hsTnI, which differ in molecular sizes and kinetics, epitopes, 
and detection antibodies.29 The study by Hall and coworkers 
highlighted the discordance in detection rates by hsTnT versus 

hsTnI assays.11 Similarly, Randby and coworkers did not find 
any association between hsTnT and OSA, given the suboptimal 
detection rate of 43% by hsTnT assay in a community-dwelling 
cohort in Norway.12 Subsequently, the same group repeated 
the analyses of the cohort using a hsTnI assay, and resulted in 
an improved detection rate of 62% and a significant associa-
tion between hsTnI level and indices of OSA severity.14 In the 
current study, both the detection rate (99%) and the median 
hsTnI level are higher compared to the study in Norway, which 
is possibly related to the higher baseline cardiovascular risk 
in the current cohort, with 80% having metabolic syndrome 
and 90% having OSA. Our center has previously conducted 

Table 1—Demographic and clinical characteristics according to OSA severity.
AHI < 30 (n = 47) AHI ≥ 30 (n = 51) P

Age (years) 51 ± 8 51 ± 9 NS
Male sex 53.2% 76.5% .016
% of current/ex-smokers 19.1% 31.4% NS
Body mass index (kg/m2) 27.8 ± 4.3 31.7 ± 4.9  < .001
Waist circumference (cm) 91.8 ± 10.5 101.0 ± 9.9  < .001
Epworth Sleepiness Scale score 5 (3, 8) 7 (3, 12) .019
AHI (events/h) 13.5 54.6  < .001
ODI (events/h) 11.7 49.0  < .001
Minimum oxygen saturation (%) 83.5 68.9  < .001
Arousal index (events/h) 13.0 34.4  < .001
Percentages with medical diseases

Diabetes mellitus 21.3% 23.5% NS
Cardiac diseases * 14.9% 23.5% NS
Resistant hypertension 46.8% 52.0% NS
Metabolic syndrome 70.2% 86.3% .053

Fasting glucose (mmol/L) 5.7 ± 1.5 6.1 ± 1.6 NS
Glycated hemoglobin (%) 6.4 ± 1.2 6.5 ± 1.2 NS
Total cholesterol (mmol/L) 5.0 ± 0.9 5.2 ± 1.0 NS
High density lipoprotein (mmol/L) 1.1 ± 0.2 1.0 ± 0.2 .017
Ambulatory BP measurements

24-hour mean systolic BP (mmHg) 132.6 ± 12.4 131.2 ± 15.2 NS
24-hour mean diastolic BP (mmHg) 83.0 ± 7.6 80.9 ± 9.7 NS
Nocturnal systolic BP dip (mmHg) 7.92 ± 7.96 6.49 ± 8.55 NS
Nocturnal diastolic BP dip (mmHg) 9.74 ± 7.57 7.36 ± 8.77 NS

Antihypertensive medications
Beta blockers 79% 88%
Calcium channel blockers 81% 92%
ACEI/ARB 85% 75%
Diuretics 51% 53%
Alpha blockers   4% 18%
Others (central acting) 17%   8%

Troponin (ng/L) 3.0 (2.0, 4.4) 4.7 (3.4, 8.8)  < .001
Detectable BNP (pg/mL) (n = 67) 22.2 (14.9, 37.2) 29.6 (22.3, 42.4) NS
AOPP (μM) 455 (346, 624) 494 (363, 723) NS
CRP (mg/L) 1.31 (0.86, 3.73) 2.76 (1.32, 5.57) .055

* = cardiac diseases included coronary artery diseases with or without intervention, left ventricular hypertrophy, and congestive heart failure. 
ACEI = angiotensin converting enzyme inhibitor, AHI = apnea-hypopnea index, AOPP = advanced oxidation protein products, ARB = angiotensin receptor 
blockers, BNP = B-type natriuretic peptide, BP = blood pressure, CRP = C-reactive protein, NS = nonsignificant, ODI = oxygen desaturation index, 
OSA = obstructive sleep apnea.
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a prospective case-control study using the hsTnI assay, and 
hsTnI has been shown to predict major adverse cardiovascular 
events, heart failure, and cardiovascular mortality in patients 
with diabetes mellitus.25 The baseline median hsTnI level in 
participants with diabetes mellitus (4.8, 3.2–8.4 ng/L) was sig-
nificantly higher than that of the control patients from the com-
munity (2.9, 2.2–3.9 ng/L).25 The current study demonstrates 
that in difficult-to-control hypertension, the concomitant pres-
ence of severe OSA is associated with higher hsTnI than those 
without severe OSA, and there is a dose-response relationship 
between severity of OSA and hsTnI level.

Several large-scale longitudinal community-based studies 
have demonstrated the prognostic value of baseline troponin 
levels in predicting adverse cardiovascular outcomes in patients 
with OSA. In a community-based study including participants 
free of CHD or heart failure at baseline, hsTnI level was related 
to mortality risk and incident heart failure in all OSA categories 
after 12-year median follow-up.15 Another community study 
also concluded that the presence of OSA conferred a higher 
risk of incident heart failure or death in women after follow-
up for 14 years, and the association was significantly affected 
by baseline troponin level.13 The finding implies that low-grade 

myocardial injury in the general population with OSA could be 
linked to adverse cardiovascular outcomes and mortality. The 
current study has found a positive association between hsTnI 
levels and indices of OSA severity (AHI, ODI) in participants 
with difficult-to-control hypertension. Whether the higher 
hsTnI level has any prognostic value in this specific group of 
patients would require further longitudinal research. Other than 
age and ODI, loss in nocturnal systolic BP decrease is found to 
be a predictor of hsTnI level in the study. This is in line with the 
finding from previous literature, and could provide a plausible 
mechanism linking to myocardial injury. In a subgroup of the 
Wisconsin Sleep Cohort Study, increasing severity of OSA at 
baseline showed a dose-dependent effect on the development of 
nondipping systolic BP after a median follow-up for 7.2 years.38 
Loss of circadian BP changes in participants with hypertension 
(nondippers) is linked to greater end-organ damage and worse 
cardiovascular outcomes compared to nocturnal dippers.39

CRP is also an established predictor of cardiovascular dis-
ease,40 and recent literature has advocated the benefit of anti-
inflammatory therapy in atherosclerotic disease.41 The current 
study finds a significant correlation between CRP and indices 
of OSA severity that supports the role of inflammation in vas-
cular pathogenesis in OSA.

Table 2—Pearson partial correlation analyses between sleep parameters and cardiovascular biomarkers with 
adjustment for confounders.

hsTnI * BNP CRP * AOPP
AHI .282 (.009) NS .302 (.005) NS
ODI .279 (.010) NS .285 (.008) NS
Minimal SaO2 NS NS NS NS
Duration of SaO2 < 90% NS NS NS NS
Arousal Index NS NS NS NS

Values are presented as correlation coefficients (P). Confounders included age, sex, smoking status, presence of metabolic syndrome, presence of cardiac 
diseases, 24-hour mean systolic BP, 24-hour mean diastolic BP, and glomerular filtration rate. * = significant correlations were also found between hsTnI 
and AHI/ODI, CRP and AHI/ODI when adjusting for mean nocturnal systolic/diastolic BP, or nocturnal systolic/diastolic BP fall instead of 24-hour mean 
systolic/diastolic BP. AHI = apnea-hypopnea index, AOPP = advanced oxidation protein products, BNP = B-type natriuretic peptide, BP = blood pressure, 
CRP = C-reactive protein, hsTnI = high-sensitivity troponin I, NS = nonsignificant, ODI = oxygen desaturation index, SaO2 = oxygen saturation.

Table 3—Multivariate stepwise linear regression 
model with troponin I as dependent variable 
(n = 98, adjusted R2 = .115).

Adjusted 
R2 β P

ODI * .078 .293 .003

Age * .036 .225 .022

Nocturnal Dip in Systolic BP .037 −.215 .029

Other independent variables: sex, smoking status, presence of metabolic 
syndrome, presence of cardiac dysfunction, nocturnal dip in diastolic BP, 
glomerular filtration rate, AHI, minimal oxygen saturation, duration of 
oxygen saturation < 90%, and arousal index. * = age and ODI remained 
significant predictors of troponin I when 24-hour mean systolic/diastolic 
BP or mean nocturnal systolic/diastolic BP was entered as independent 
variables in place of nocturnal dip in systolic/diastolic BP. AHI = apnea-
hypopnea index, BP = blood pressure, ODI = oxygen desaturation index.

Table 4—Multivariate stepwise linear regression 
model with BNP as dependent variable 
(n = 98, adjusted R2 = .277).

Adjusted 
R2 β P

Age .141 .417  < .001

Sex .068 .317 .001

24-Hour Mean Diastolic BP .040 .250 .009

Presence of Metabolic 
Syndrome .028 .188 .038

Other independent variables: smoking status, presence of cardiac 
diseases, 24-hour mean systolic BP, glomerular filtration rate, AHI, ODI, 
minimal oxygen saturation, duration of oxygen saturation < 90%, and 
arousal index. AHI = apnea-hypopnea index, BNP = B-type natriuretic 
peptide, BP = blood pressure, ODI = oxygen desaturation index.
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BNP and the degradation product N-terminal prohormone 
BNP (NT-proBNP) aid in the diagnosis and monitoring of 
heart failure.42,43 Several studies have investigated the effect of 
OSA on BNP levels, with conflicting results. A community-
dwelling study in Sweden has found a dose-dependent re-
lationship between severity of OSA and BNP level the next 
morning.44 However, no association was found between OSA 
and BNP/NT-proBNP/pro-BNP in several studies,17,34,45,46 in-
cluding a large community-based study.47 Similarly, no definite 
conclusion can be drawn from the limited studies on the effect 
of continuous positive airway pressure therapy on NT-proBNP 
level.33,48 In the current study, indices of OSA severity were 
not the determinants of BNP in participants with difficult-to-
control hypertension, which could be explained in part by the 
optimally controlled BP in more than half of the study partici-
pants and exclusion of those in fluid overload.

There are several limitations of our study. First, the study 
is cross-sectional in design, which precludes investigation 
of any casual relationships between OSA and the biomark-
ers. Although meticulous adjustment for potential confound-
ers has been undertaken in the multivariate analyses, residual 
confounding is plausible due to the complicated medical back-
grounds of the participants. The study is observational in na-
ture and does not include coronary investigations per study 
protocol. Presence of cardiac diseases confirmed by workups 
with or without interventions is retrieved from medical records.

In summary, our study demonstrates that in participants 
who remain on multiple drugs for hypertension, occurrence 
and importance of OSA is underrecognized. The severity of 
OSA is independently associated with higher levels of hsTnI, 
suggesting that subclinical heart injury may be present despite 
control of BP with medications. The exact significance of low-
grade myocardial injury on clinically relevant outcomes still 
needs to be clarified, especially given the literature on pos-
sible protective effect from intermittent hypoxia by enhanc-
ing vascular repair mechanisms.49 The findings of the current 
study call for more longitudinal studies on prognostic value 
of troponin in predicting cardiovascular outcomes in patients 
with OSA, severe hypertension, or both conditions. Further 
exploration on the effects of continuous positive airway pres-
sure therapy on cardiovascular outcomes stratified by baseline 
troponin levels should be pursued. 

ABBRE VI ATIONS

AHI, apnea-hypopnea index
AOPP, advanced oxidation protein products
BNP, B-type natriuretic peptide
BP, blood pressure
CHD, coronary heart disease
CRP, C-reactive protein
ESS, Epworth Sleepiness Scale
hsTnI, high-sensitivity troponin I
hsTnT, high-sensitivity troponin T
NT-proBNP, N-terminal prohormone B-type natriuretic 

peptide

ODI, oxygen desaturation index
OSA, obstructive sleep apnea
PSG, polysomnography
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