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Abstract
Purpose The objective of this study was to evaluate endothe-
lial function and carotid intima media thickness (CIMT) in
moderate to severe obstructive sleep apnea (OSA) without
comorbidities.
Methods It is an observational case control study in which
endothelial function was assessed using flow-mediated dilata-
tion (FMD) and peripheral arterial tonometry (PAT), and carot-
id artery ultrasound was used to measure CIMT in study group
subjects that included 20 normotensive, non-diabetic, treatment
naïve, and moderate to severe OSA patients, and 20 normoten-
sive, non-diabetic, and non-OSA subjects served as a control
group. Study was conducted in Polysomnography Laboratory,
Department of Internal Medicine, All India Institute of Medical
Sciences (AIIMS) Hospital, New Delhi.
Results FMD was significantly lower in the moderate to severe
OSA group compared to non-OSA group (mean ± SD, 8.3 ± 2.8
vs. 13.4 ± 4.1 %; p = 0.0001). Reactive hyperemia index (RHI)
was also significantly lower in the OSA group (1.55 ± 0.27 vs.
2.01 ± 0.48, p = 0.0007). CIMTwas observed to be significantly

higher in the OSA group compared to the non-OSA group
(0.54 ± 0.09 vs. 0.48 ± 0.08 mm; p = 0.049). In the OSA group,
FMD, RHI, and CIMT did not show a significant correlation
with OSA disease severity indices [apnea hypopnea index
(AHI), oxygen desaturation index (ODI), and minimum O2

saturation].
Conclusion Endothelial function inmacrovascular and micro-
vascular circulation is significantly impaired in moderate to
severe OSA patients without comorbidities. These patients
also show evidence of subclinical atherosclerosis, in the form
of increased CIMT.
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Introduction

With increasing urbanization worldwide, particularly in devel-
oping countries where a large proportion of the world’s pop-
ulation resides, a new set of diseases are emerging.
Obstructive sleep apnea (OSA) is one such disease. The in-
controvertible data linking OSA to cardiovascular and cere-
brovascular morbidity and mortality [1–3] has further put the
spotlight on this condition in recent times. It has been hypoth-
esized that impaired endothelial function may be an important
mediator responsible for the increase in adverse cardiovascu-
lar and cerebrovascular consequences in OSA patients [1, 4].
Chronic intermittent hypoxia and sleep fragmentation are the
two most important mechanisms which contribute to impaired
endothelial function in OSA.

Endothelial function may be assessed in peripheral arteries
(macrovascular) or in arterioles, capillaries, and venules (mi-
crovascular). Flow-mediated dilatation (FMD) is a useful non-

* Surendra K. Sharma
sksharma.aiims@gmail.com

Faraz A. Farooqui
farazahmedfarooqui@gmail.com

1 Department of Internal Medicine, All India Institute of Medical
Sciences, New Delhi, India

2 Department of Radiodiagnosis, All India Institute of Medical
Sciences, New Delhi, India

3 Department of Biostatistics, All India Institute of Medical Sciences,
New Delhi, India

4 Department of Obstetrics and Gynaecology, Osmania Medical
College, Hyderabad, India

Sleep Breath (2017) 21:69–76
DOI 10.1007/s11325-016-1371-7

http://crossmark.crossref.org/dialog/?doi=10.1007/s11325-016-1371-7&domain=pdf


invasive method for the assessment of macrovascular endo-
thelial function [5]. Several studies in OSA patients have in-
vestigated endothelial function using FMD of brachial artery
[6, 7]. A few studies have also attempted to evaluate micro-
vascular endothelial function in OSA patients. These studies
have utilized techniques such as venous occlusive plethys-
mography [8], laser Doppler flowmetry [9], and more recent-
ly, peripheral arterial tonometry [10]. Assessment of endothe-
lial function in OSA patients allows us to address the larger
problem of increased cardiovascular and cerebrovascular mor-
bidity in this population at an incipient stage.

Carotid intima media thickness (CIMT) is a useful marker
of subclinical atherosclerosis. Assessment of CIMT using
carotid artery ultrasound offers a non-invasive method to de-
tect atherosclerosis in its inchoative stages [11]. Previous
studies have demonstrated an increased CIMT in OSA pa-
tients [12]. Additionally, an improvement in CIMT has been
observed with continuous positive airway pressure (CPAP)
therapy [13].

In the present study, we investigated endothelial function
and CIMT in moderate to severe OSA patients without
comorbidities.

Materials and methods

Study population

The present study was conducted in the Department of Internal
Medicine at AIIMS Hospital, New Delhi, which is a tertiary
care referral hospital located in North India. It was conducted
between November 2013 and March 2015. Participants includ-
ed subjects of either gender, older than 18 years of age. Study
group subjects were selected from suspectedOSA patients, who
were initially evaluated at the Sleep Clinic of Department of
Internal Medicine, AIIMS Hospital, New Delhi. The study
group included 20 subjects with an apnea hypopnea index
(AHI) ≥15 events/h and excessive daytime sleepiness
(Epworth sleepiness scale (ESS) score >10), who were treat-
ment naïve. Subjects with diabetes mellitus (FBS ≥126 mg/dL
and/or HbA1c >6.5 %), hypertension (mean of three BP mea-
surements taken at 1-min intervals >140/90 mmHg or those
using antihypertensive medication), dyslipidemia (total serum
cholesterol >200 mg/dL and/or low-density lipoprotein (LDL)
cholesterol >130 mg/dL by immunocolorimetric assay), hypo-
thyroidism (serum TSH >5.50 mIU/L by chemiluminescence),
proteinuria [urine albumin creatinine ratio (ACR) >300 mg/g of
creatinine], and smokers were excluded from the study. Control
group subjects were drawn from hospital staff and relatives of
patients admitted to the hospital. The control group consisted of
20 non-OSA subjects, with an AHI <5 events/h who met inclu-
sion and exclusion criteria.

The study protocol was approved by the Institutional Ethics
Committee, All India Institute of Medical Sciences, New
Delhi. Written informed consent was obtained from all partic-
ipants of the study.

Polysomnography

Prior to polysomnography (PSG), all subjects underwent a de-
tailed anthropometry including a body composition analysis
(TANITATBF-410, TANITA Corp., Tokyo, Japan). All study
participants underwent an overnight in-laboratory supervised
polysomnography (SOMNOscreen plus, SOMNOmedics,
Randersacker, Germany) at the Polysomnography Laboratory
of the Department of Medicine at AIIMS. The study was su-
pervised by a trained staff nurse. Polysomnography included
electroencephalography, electrooculography, electrocardiogra-
phy, surface electrodes for submental and tibialis anterior elec-
tromyography, pulse oximetry, pressure transducers for nasal
and oral air flow, and piezoelectric strain gages for chest and
abdominal movements [14]. Manual scoring of the sleep study
was done the following morning by trained personnel using the
scoring criteria of the American Academy of Sleep Medicine
[15]. Apnea was scored in case of an air flow reduction
of ≥90 % lasting for ≥10 s. Hypopnea was scored in case of
an air flow reduction of ≥30 % lasting for ≥10 s and accompa-
nied by either a ≥3% arterial oxygen desaturation or an arousal.
The AHI was determined as the total number of apneas and
hypopneas per hour of sleep. The oxygen desaturation index
(ODI) was determined as the number of arterial oxygen
desaturations ≥3 % per hour of sleep.

Endothelial function

Macrovascular endothelial function was assessed by FMD of
the brachial artery, performed by an experienced radiologist.
Flow-mediated dilatation was performed in the morning after
at least 8 h of sleep. Brachial artery FMDwas measured using
a 9 MHz transducer (LOGIQ e, GE Healthcare, Milwaukee,
USA) with the patient lying comfortably in the supine posi-
tion, 1 cm above the antecubital fossa in the right arm. Scan
sections were obtained in the antecubital fossa in the longitu-
dinal plane [16]. A baseline diameter was recorded initially.
Subsequently, the brachial artery was occluded by inflating
the sphygmomanometer cuff to 50 mmHg above the systolic
blood pressure for 5 min. The cuff was then deflated rapidly,
and the brachial artery diameter was recorded 1 min after the
deflation of the cuff [17]. Brachial artery diameter, both pre-
and post-cuff occlusion, was recorded at the peak systolic
phase of cardiac cycle. FMD was calculated and expressed
as the percentage change in the brachial artery diameter.

Microvascular endothelial function was assessed by using
EndoPAT™ 2000 (Itamar Medical Ltd, Caesarea, Israel).
Pneumatic probes were placed over the index fingers of both
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hands. One arm acted as the test arm and the other arm acted
as the control arm. The test was conducted in three phases. In
the initial phase, pulse wave tracings were obtained from both
arms for 5 min. In the second phase, the sphygmomanometer
cuff around the test arm was inflated to 50 mmHg above the
systolic pressure for 5 min. In the last phase, pulse wave trac-
ings were obtained from both the arms after rapid deflation of
the sphygmomanometer cuff. Reactive hyperemia index
(RHI) was calculated by the Endo-PAT™2000 software as
the ratio of the post- to pre-occlusion peripheral arterial to-
nometry (PAT) amplitude of the test arm divided by the
post- to pre-occlusion PAT amplitude of the control arm.

CIMTwas measured by an experienced radiologist using a
7 MHz transducer (LOGIQ e, GE Healthcare, Milwaukee,
USA), in the far wall of the common carotid artery just prox-
imal to the carotid bulb [18]. Three readings each were taken
from the right and left sides. Average of the six readings was
taken as the mean CIMT. A carotid plaque was defined as a
localized thickening >1.2 mm that did not uniformly involve
the whole artery [19].

Statistical analysis

Data were expressed as mean ± SD in case of normally dis-
tributed data and median (interquartile range) in case of
skewed data. Continuous variables were compared between
the two groups using Student’s t test for independent samples
in case of normal distribution. The Wilcoxon rank test was
used to compare continuous variables in case of skewed data.
The chi-square test or Fisher exact test was used to compare
categorical data. Correlation between variables was expressed
in terms of Spearman’s rank correlation coefficient. The com-
parison of endothelial function and CIMT between moderate
OSA, severe OSA, and non-OSA groups was performed using
one-way ANOVA followed by pairwise comparison using the
Bonferroni correction. The p values <0.05 were considered
statistically significant. Statistical analysis was performed
using Stata 11.0 (College Station, TX, USA).

Results

A total of 468 subjects underwent polysomnography between
November 2013 and March 2015. Three hundred and sixty
two subjects were excluded because of associated comorbid-
ities. Fifty-four subjects with mild OSA (AHI ≥5, but
<15 events/h) were excluded. Twelve subjects declined to
participate in the study. Twenty moderate to severe OSA sub-
jects (AHI ≥15 events/h) constituted the study group. The
study group was comprised of 10 subjects with moderate
OSA (AHI ≥15, but <30 events/h) and 10 subjects with severe
OSA (AHI >30 events/h). Twenty non-OSA subjects (AHI
<5 events/h) constituted the control group. The baseline

demographic, clinical, and peripheral blood biochemistry data
are presented in Table 1. The two groups did not differ with
regard to age, gender, body mass index (BMI), waist/hip ratio
(WHR), total and LDL cholesterol, triglyceride, and fasting
plasma glucose levels.

The polysomnographic data of two groups are presented in
Table 2. AHI (p = 0.0001), ODI (p = 0.0001), and minimum
O2 saturation (p = 0.0001) were significantly different in the
two groups.

The baseline brachial artery diameter was not significantly
different between the two groups (p = 0.15). FMD (p = 0.0001)
and RHI (p = 0.0007) were significantly lower in the OSA
group compared to non-OSA group (Table 3). In the OSA
group, FMD and RHI did not show a significant correlation
with OSA disease severity indices (AHI, ODI, and minimum
O2 saturation). No correlation was observed between FMDand
RHI (non-OSA group: Spearman’s rho = 0.05, p value = 0.82;
OSA group: Spearman’s rho = −0.35, p value = 0.12).

Carotid intima media thickness (CIMT) was significantly
higher in OSA group compared to non-OSA group, p = 0.049
(Table 3). None of the study participants demonstrated carotid
plaques. No significant correlation was observed between
CIMTand OSA disease severity indices (AHI, ODI, and min-
imum O2 saturation) in the OSA group.

Endothelial function and CIMT were also compared be-
tween severe OSA subjects (AHI >30 events/h), moderate
OSA subjects (AHI ≥15, but <30 events/h), and non-OSA
controls (AHI <5 events/h). FMD and RHI were significantly
lower in both moderate and severe OSA groups compared to
non-OSA controls (Figs. 1 and 2). However, CIMT did not
differ significantly between the three groups (Table 4).

Discussion

Obstructive sleep apnea (OSA) is an increasingly prevalent
condition, particularly in the developing world [20]. Several
studies have demonstrated an association of OSAwith cardio-
vascular and cerebrovascular morbidity [2]. Impairment of
endothelial function represents one of the earliest steps in the
development of vascular disease. The mechanisms underlying
impairment of endothelial function in OSA include reduced
nitric oxide (NO) availability, endothelial inflammation, and
endothelial oxidative stress [21]. CIMT is an established
marker of subclinical atherosclerosis [22]. The assessment of
endothelial function and CIMT may best demonstrate the risk
of future vascular disease in these patients. However, assess-
ment of endothelial function and CIMT in OSA is frequently
confounded by associated comorbidities. Present study eval-
uated endothelial function and CIMT in moderate to severe
OSA subjects and non-OSA controls, after careful exclusion
of diabetes mellitus, hypertension, dyslipidemia, hypothyroid-
ism, and proteinuria.

Sleep Breath (2017) 21:69–76 71



Findings of the present study have demonstrated that endo-
thelial function is significantly impaired in moderate to severe
OSA patients without comorbidities. The impairment of endo-
thelial function is observed in both macrovascular and micro-
vascular beds. In a previous study, Bayram and colleagues [23]
evaluated endothelial function in normotensive OSA patients.

They demonstrated a significantly lower FMD in these patients.
Although they excluded most cardiovascular risk factors, how-
ever, a significant number of study participants in their study
were smokers. Smoking has been shown previously, to indepen-
dently contribute to impaired endothelial function [24]. In con-
trast, all the participants of our study were non-smokers. They

Table 1 Baseline demographic,
clinical, and biochemistry data of
characteristics of OSA and non-
OSA subjects

Characteristic OSA group (n = 20) Non-OSA group (n = 20) p value

Age, years 37.4 ± 8.3 34.3 ± 9.6 NS

Males (%) 19 (95) 14 (70) NS

BMI, kg/m2 28.0 ± 2.9 27.3 ± 5.5 NS

Systolic blood pressure, mmHg 127.9 ± 7 121 ± 6.7 0.003

Diastolic blood pressure, mmHg 79.9 ± 5.6 76.1 ± 7.4 NS

Habitual snorers (%) 20 (100) 12 (60) 0.003

ESS score 15.1 ± 3.9 6.2 ± 2.9 0.0001

Neck length, cm 9.4 ± 1.1 9.6 ± 1.7 NS

Neck circumference, cm 38.5 ± 2.9 36.1 ± 3.0 0.01

PPNC (%) 95.6 ± 7.4 90.1 ± 7.1 0.02

WHR 0.97 ± 0.06 0.94 ± 0.07 NS

Fat % 22.8 ± 8 24.4 ± 12.1 NS

Fat mass, kg 18.5 ± 7.7 18.7 ± 11.5 NS

Predicted fat mass, kg 15.5 ± 1.51 13.5 ± 2.0 0.001

Fat-free mass, kg 61.8 ± 6 53.9 ± 7.7 0.0008

Total body water, kg 45.3 ± 4.4 40.5 ± 6.4 0.009

Total cholesterol, mg/dL 171.8 ± 15.2 169.2 ± 12.4 NS

Triglycerides, mg/dL 139.3 ± 31.8 119.2 ± 32.3 NS

LDL cholesterol, mg/dL 101.9 ± 15.5 104.3 ± 14.7 NS

HDL cholesterol, mg/dL 41.6 ± 3.9 40.7 ± 2.1 NS

Fasting plasma glucose, mg/dL 93.2 ± 5.4 90.7 ± 6.3 NS

Data are presented as mean ± SD or n (%) unless otherwise stated

OSA obstructive sleep apnea, PPNC percentage predicted neck circumference, ESS Epworth sleepiness scale,
WHR waist/hip ratio, BMI body mass index, LDL low-density lipoprotein, HDL high-density lipoprotein, VLDL,
very low-density lipoprotein, NS not significant

Table 2 Comparison of
polysomnographic data in OSA
and non-OSA subjects

Variable OSA group (n = 20) Non-OSA group (n = 20) p value

N1 % 15.5 ± 6.2 19 ± 12.3 NS

N2 % 41.8 ± 9.6 38.6 ± 10.2 NS

N3 % 34.6 ± 12.4 30.4 ± 9.6 NS

REM % 7.15 (4.6–9.5) 11.75 (6.8–17.3) 0.03

AHI, events/h 30.3 (18.4–58.3) 2.2 (0.8–4) 0.0001

RDI, events/h 31.1 (18.8–61.1) 3.2 (1.2–4.3) 0.0001

Arousal index, events/h 64.3 (50.4–80.9) 46.3 (18.4–62.8) 0.03

Respiratory arousal index, events/h 9.95 (5.5–24.4) 0.35 (0–0.9) 0.0001

Baseline O2 saturation, % 96 ± 1.5 97 ± 0.8 0.008

Minimum O2 saturation, % 78 (74.5–83.5) 91 (89–92.5) 0.0001

Oxygen desaturation index (ODI), events/h 31.8 (14.4–60) 1.8 (0.4–3.6) 0.0001

Data are presented as mean ± SD, n (%), or median (interquartile range), unless otherwise stated

N1 stage 1 sleep, N2 stage 2 sleep, N3 stage 3 sleep, REM rapid eye movement sleep, AHI apnea hypopnea index,
RDI respiratory disturbance index, NS not significant
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also observed an inverse correlation between FMD and AHI.
An inverse correlation between FMD and AHI has been dem-
onstrated in other studies as well [6, 25]. It is interesting to note
that these studies pooled OSA and non-OSA subjects together
while performing correlation analysis. In the present study, we
observed a statistically significant correlation between FMD
and OSA disease severity indices (AHI, ODI, and minimum
O2 saturation) when we pooled OSA and non-OSA subjects
together. However, a statistically significant correlation was
not observed when we analyzed the OSA and non-OSA groups
separately. We believe that correlation analysis should be per-
formed separately in cases and controls, since combining the
two may confound results. In a study by Chung and co-
workers [25], it was observed that FMDwas significantly lower
in severe OSA patients compared to non-OSA controls. They
however did not observe a significant difference in FMD
between mild to moderate OSA and non-OSA subjects. We
excluded mild OSA patients from our study. We observed a
significantly lower FMD in both moderate OSA patients and
severe OSA patients compared to non-OSA subjects. In a study
from the UK [9], Butt and co-workers studied endothelial func-
tion in both macrovascular and microvascular beds in moderate

to severe OSA patients. These investigators used FMD and laser
Doppler flowmetry (LDF) to evaluate endothelial function. They
demonstrated lower FMD as well as cutaneous perfusion re-
sponse in moderate to severe OSA subjects. In the present study,
we demonstrated similar results. However, we used a novel tech-
nology (PAT) to assess microvascular endothelial function.
Peripheral arterial tonometry is an operator-independent method
of endothelial function assessment and may be performed by
trained nurses. Only a few studies have used PAT to assess mi-
crovascular endothelial function in OSA [10, 26]. In a study by
Itzhaki and co-workers [10], RHI was observed to be significant-
ly lower in subjects with moderate to severe OSA. The study
subjects, however, were not free from cardiovascular risk factors
such as hypertension, diabetes, or smoking.

Our study did not find a correlation between FMD and
RHI. This lack of correlation has been demonstrated in previ-
ous studies of endothelial function in non-OSA population
[27, 28]. It may be possible that different mechanisms of en-
dothelial dysfunction may be acting in different vascular beds.

Present study has shown that CIMT is significantly higher in
moderate to severe OSA patients. This finding suggests a greater
risk of future clinical atherosclerotic disease in moderate to severe

Table 3 Comparison of findings
of endothelial function and CIMT
in OSA and non-OSA subjects

Variable OSA group (n = 20) Non-OSA group (n = 20) p value

Baseline artery diameter, mm 4.3 ± 0.6 4.0 ± 0.7 NS

FMD, % 8.3 ± 2.8 13.4 ± 4.1 0.0001

RHI 1.55 ± 0.27 2.01 ± 0.48 0.0007

CIMT, mm 0.54 ± 0.09 0.48 ± 0.08 0.049

Data are presented as mean ± SD, n (%) unless otherwise stated

FMD flow-mediated dilatation, RHI reactive hyperemia index, CIMT carotid intima media thickness, NS not
significant

Fig. 1 Comparison of flow-
mediated dilatation (FMD) be-
tween severe OSA, moderate
OSA, and non-OSA groups
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OSA patients. Similar findings were observed in a study by
Tanriverdi and colleagues [29], who showed a significantly higher
CIMT inmoderate to severe OSA patients compared to non-OSA
controls. In contrast to this study, none of the present study par-
ticipants demonstrated carotid plaques. This difference may be
attributed to the younger age of our study participants. Our study
also confirms the findings of Drager and co-workers [30] who
demonstrated a higher CIMT in severe OSA patients compared to
mild to moderate OSA patients and non-OSA controls.

The present study has several unique features. This is the
first study of endothelial function in OSA from the Indian sub-
continent. To our knowledge, this is also the first study of
endothelial function in OSA using both flow-mediated dilata-
tion (FMD) and peripheral arterial tonometry (PAT) in the same
cohort. The mean age of subjects in our cohort was nearly a
decade lower compared to previous studies on endothelial
function and CIMT in OSA [25, 29, 30]. Most major cardio-
vascular risk factors were carefully excluded in cases and con-
trols. Endothelial function was evaluated in bothmacrovascular
and microvascular beds in the present study. In addition, we
used a novel non-invasive technology, peripheral arterial

tonometry, which is relatively easier to perform and is operator
independent.

Limitations of the present study include a small cohort.
However, it is a unique cohort, in which diabetes mellitus,
hypertension, dyslipidemia, hypothyroidism, proteinuria, and
smoking were carefully excluded. A large number of patients
(n = 468) had to be screened to exclude these risk factors in
cases and controls. Second, we did not study endothelium-
independent vasodilatation in our study. Third, it is a cross-
sectional study and the impact of CPAP on endothelial function
and CIMT was not evaluated. Fourth, the systolic blood pres-
sure was significantly different between theOSA and non-OSA
groups. However, none of the participants was hypertensive or
being treated for hypertension. Whether this difference might
have impacted the results remains debatable. Although the two
groups were similar with regard to BMI and fat mass, they
differed with regard to fat-free mass. Since fat-free mass is an
important determinant of resting metabolism, this may have
had an impact on the results. Lastly, given the significant prev-
alence of smoking among Indians, the confirmation of non-
smoking status in the study participants using an objective

Fig. 2 Comparison of reactive
hyperemia index (RHI) between
severe OSA, moderate OSA, and
non-OSA groups

Table 4 Comparison of findings
of endothelial function and CIMT
in moderate OSA, severe OSA,
and non-OSA subjects

Variable Severe OSA (n = 10) Moderate OSA (n = 10) Non-OSA (n = 20) p value

FMD, % 7.4 ± 2.8* 9.1 ± 2.7* 13.4 ± 4.1 0.0001

RHI 1.6 ± 0.2* 1.5 ± 0.3* 2 ± 0.5 0.003

CIMT, mm 0.56 ± 0.11 0.51 ± 0.07 0.48 ± 0.08 0.07

Data are presented as mean ± SD unless otherwise stated

FMD flow-mediated dilatation, RHI reactive hyperemia index, CIMT carotid intima media thickness, NS not
significant

*p < 0.05 versus non-OSA
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technique such as breath analysis for carbon monoxide (CO)
might have been more appropriate.

In conclusion, findings of the present study demonstrate an
impaired endothelial function and CIMT in moderate to severe
OSA patients. Impairment of endothelial function is observed in
bothmacrovascular andmicrovascular beds. Given the increased
incidence of adverse vascular events in OSA patients [1–3], our
findings assume clinical significance. Non-invasive tests in the
form of FMD, PAT, andCIMTmay allow us to predict the risk of
future vascular events in these patients.
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