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Abstract
Introduction Obstructive sleep apnea (OSA) has been estimated to affect 4–11% of the population and causes systemic inflam-
mation which leads to metabolic syndrome (MS). Non-alcoholic fatty liver disease (NAFLD) is also associated withMSwhether
NAFLD is an additional risk factor for the systemic inflammation that occurs in OSA is unclear.
Objective In this study, we aimed to analyze the association of OSA and NAFLD with MS and systemic inflammation in Asian
Indians.
Methods Total 240 (132males and 108 females) overweight/obese subjects [bodymass index (BMI > 23 kg/m2)] were recruited;
of these, 124 subjects had OSAwith NAFLD, 47 had OSAwithout NAFLD, 44 did not have OSA but had NAFLD and 25 had
neither OSA nor without NAFLD. Severity of NAFLD was based on abdomen ultrasound and of OSA on overnight
polysomnography. Clinical examinations, anthropometry, body composition, metabolic parameters, and inflammatory bio-
markers were recorded.
Results Serum levels of leptin, macrophage migration inhibitory factor (MIF), interleukin-6 (IL-6), high sensitive C-reactive
protein (Hs-CRP), and tumor necrosis factor alpha (TNF-α) were significantly higher, and adiponectin levels were significantly
lower in OSAwith NAFLD subjects. Prevalence of MS was significantly increased in OSA and NAFLD subjects (p = 0.001).
There was a strong association and correlation between leptin, IL-6, Hs-CRP, MIF, and TNF-α in OSA and NAFLD subjects.
Multivariate logistic regression showed that OSAwas positively associated with the NAFLD [odds ratio (OR), (95% confidence
interval (CL) 3.12 (2.58–7.72), (P = 0.002)].
Conclusion NAFLD is an additional risk factor in OSA subject which contributes to systemic inflammation in Asian Indians.

Keywords Obstructive sleep apnea . Non-alcoholic fatty liver disease . Insulin resistance . Apnea hypopnea index . Metabolic
syndrome

Introduction

Obstructive sleep apnea (OSA) is a common sleep breathing
disorder characterized by repetitive upper airway collapse dur-
ing sleep [1]. It is a common disorder, with prevalence esti-
mated at 4% for men and 2% for women among adults in the
Western countries, but the prevalence of OSA increases to as
much as 30% to 50% in obese individuals [2, 3]. In the past
few years, the association of OSA and non-alcoholic fatty
liver disease (NAFLD) has raised considerable interest, and
several studies have suggested the potential independent con-
tribution of OSA and NAFLD in the pathogenesis of metabol-
ic abnormalities, including type 2 diabetes mellitus (T2DM),
metabolic syndrome (MS), and cardiovascular disease (CVD).
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It has been suggested that OSA may be associated with man-
ifestation of metabolic dysfunction and NAFLD [4].

Obesity and OSA are independently associated with meta-
bolic dysfunction and also with systemic inflammation [5],
which has been implicated with poor cardiovascular outcomes
[6]. The link between obesity and inflammation has been fur-
ther illustrated by the increased levels of inflammatory markers
including cytokines and acute phase proteins like high-sensitive
C reactive protein (Hs-CRP) in obese subjects [7]. Further,
animal study also has shown that OSA is a trigger for inflam-
mation [8]. This might explain the associated increase in insulin
resistance, dyslipidemia, and hypertension in these subjects.

Previous studies has been indicated that Asian Indians have
higher predisposition to develop insulin resistance, MS,
T2DM, OSA, NAFLD, and coronary heart disease than
White Caucasians [9–11]. Misra and Khurana et al. [9] report-
ed that Asian Indians have abnormal body composition
consisting of higher body fat and abdominal adiposity that
may partially explain the high prevalence of these clinical
disorders [9]. Our previous study has shown high Hs-CRP
levels in urban Asian Indian adolescents living in India [12].
Further, we showed NAFLD is closely associated with sub-
clinical inflammation in North Indians NAFLD subjects [13].
Bhusan et al [14] reported that Hs-CRP levels were signifi-
cantly higher in OSA subjects as compared to controls, and
these levels were directly proportional to the severity of OSA.

There is paucity of data regarding sub-clinical inflamma-
tion in patients with OSA and NAFLD in Asian Indians. We
hypothesized that sub-clinical inflammation closely correlates
with OSA and NAFLD among Asian Indians and is signifi-
cantly more than due to either disease process alone. This may
increase the risk in this group to cardiovascular events. To test
this hypothesis, we designed a study by analyzing clinical
anthropometry, body composition, metabolic profiles, fasting
insulin, adiponectin, leptin, macrophage migration inhibitory
factor (MIF), interleukin-6 (IL-6), Hs-CRP, and tumor necro-
sis factor (TNF-α) levels in different groups of overweight/
obese subjects with and without OSA and NAFLD.

Methodology

Subjects

In this study, 240 overweight/obese (132 males and 108 fe-
males) subjects [body mass index (BMI > 23 kg/m2)] were
evaluated at All India Institute of Medical Sciences, New
Delhi, India between May 2012 and December 2017. One
hundred twenty-four subjects had OSA with NAFLD (group
1); 47 had OSA without NAFLD (group 2); 44 did not have
OSA but had NAFLD (group 3), and 25 had neither OSA nor
NAFLD (group 4) (Fig. 1). The institutional ethical clearance
has been approved, and written informed consent was taken

from each subject. NAFLD was diagnosed by abdominal ul-
trasonography [15] in subjects with alcohol intake of less than
20 g/day and OSAwas diagnosed on the base of a overnight
polysomnography as detailed below. Subjects with chronic
obstructive pulmonary disease, advanced lung disease, me-
chanical upper airway obstruction, known T2DM, CVD, pres-
ence of other liver diseases (alcoholic liver disease, viral hep-
atitis, autoimmune hepatitis, primary biliary cirrhosis, biliary
obstruction), severe organ damage, human immunodeficiency
virus infection, pregnancy and lactation, or with any pro-
inflammatory state were excluded from the study.

Clinical profile

Clinical details were recorded in a structured proforma. Blood
pressure was measured over the right arm in sitting position
according to the protocol defined by the eighth Report of Joint
National Committee on Prevention, Detection and Treatment of
High Blood Pressure using a standard mercury sphygmoma-
nometer. Subjects were advised not have smoked or taken caf-
feine at least 30min before the measurement and were rested for
5 min. In case of any abnormal reading (≥ 140/90 mmHg), an-
other reading was obtained after an interval of 5 min.

Anthropometric measurements

For measurement of weight, subject was instructed to stand
still on the platform. After removing heavy clothing, weight
was measured to the nearest of 0.1 kg. Height was measured
using stadiometer with head held in Frankfort plane to the
nearest of 0.1 cm. Waist circumference (WC), hip circumfer-
ence (HC), mid thigh circumference (MTC), and skinfold
thickness (triceps, biceps, anterior axillary, suprailiac,
subscapular, and lateral thoracic) were measured according
to standard protocols [12]. All subjects were carefully exam-
ined physically.

Biochemical investigations

Fasting blood glucose (FBG), lipid profile and liver function
test: The estimation of FBGwas investigated after a 12-h over-
night fasting with the help of commercially available kit
(Randox lab ltd, United Kingdom). Estimation of FBG, total
cholesterol (TC), serum triglycerides (TG), high-density lipo-
protein cholesterol (HDL-C), low-density lipoprotein choles-
terol (LDL-C), aspartate aminotransferase (AST), and alanine
aminotransferase (ALT) levels were recorded as previously de-
scribed [16].

Fasting insulin and homoeostasis modal assessment for insu-
lin resistance (HOMA-IR): Fasting insulin levels were measured
using commercially available radioimmunoassay kits
(Immunotech, France) [17]. The intra and inter assay
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percentage coefficient and coefficient of variation was 2.03 and
1.9% for insulin and 3.2 and 4.2% for HOMA respectively.

Assessments of inflammatory biomarkers: Levels of
adiponectin, Hs-CRP, and TNF-α were measured as previously
described [12, 18, 19]. Levels of leptin, MIF, and IL-6 were
recorded using enzyme-linked immunosorbent assay (Linco
Research Inc., USA). The intra and inter assay percentage coef-
ficient and coefficient of variation was 5 and 4%; 2.1 and 3.3%;
1.8 and 2.9%; 2.2 and 3.4%; 1.8 and 2.3%; 2.5 and 3.1% for
adiponectin, hs CRP, TNF-α, leptin, MIF, and IL-6 respectively.

Ultrasound imaging

All subjects were assessed by a liver ultrasound using 3.5-
MHz curvilinear probe (Siemens-G 60 S 2004, Germany).
The definition of NAFLDwas based on a comparative assess-
ment of image brightness relative to the kidneys, in line with
previously reported diagnostic criteria [15]. Severity of
NAFLD was classified according to the brightness compared
to the kidneys, blurring of gall bladder wall, of hepatic veins,
and of portal vein. The radiologist performing the ultrasound
was unaware of the clinical history, anthropometry profiles,
biochemical investigations, and sleep study results.

Polysomnography

All subjects were called for overnight polysomnography
(PSG, (Medi palm; Braebon Medical Corp., Canada) at 9:00
P.M. and were attached to Alice 3 adult computerized PSG

system using the various leads and devices through standard
gold cup electrodes. All subjects were classified according to
apnea–hypopnea index (AHI). The various parameters moni-
tored were electrooculogram, electroencephalogram, electro-
myogram, electrocardiogram and airflow (with an oro-nasal
thermistor), chest and abdominal efforts, and arterial oxyhe-
moglobin saturation by pulse oximeter. Continuous positive
airway pressure (C-PAP) titration was also done. At least 6 h
of PSG was considered as a complete study. The recordings
were analyzed with 60-s epoch, and sleep stages were scored
according to the standard criteria [20]. Obstructive apneas and
hypopneas are typically distinguished from central events by
the detection of respiratory efforts during the event.

Statistical analysis

The data was confirmed for approximate normality.
Categorical data was analyzed by Chi-squared test, with
Fisher correction when appropriate, and expressed as absolute
number (%). Continuous variables were expressed as the
mean ± standard deviation to summarize the variables. All
continuous values were performed using the Z score method.
The influence of the groups (1 vs 2, 1 vs 3, 1 vs 4, 2 vs 3, and 2
vs 4) was estimated by the analysis of covariance test with
multiple comparisons. Pearson’s correlation coefficient and
significance of Br^ was used to compare between the inflam-
matory markers and clinical parameters. A multivariate logis-
tic regression analysis of covariance was used to assess differ-
ences in leptin, adiponectin, MIF, IL-6, Hs-CRP, and TNF-α
are among the groups, with adjustment for WC, fasting

Fig. 1 Flow chart of patients
included in the study

Sleep Breath (2019) 23:171–178 173



insulin, and TG to avoid possible confounder effects. All anal-
yses were conducted using SPSS (Chicago, USA). Values of
p < 0.05 was considered statistically significant.

Results

Demographic, clinical, body composition
and anthropometric profiles

Demographic, clinical, body composition and anthropometric
profiles and detailed multi variable comparison (group 1 vs 2,
1 vs 3, 1 vs 4, 2 vs 3, 2 vs 4, and 3 vs 4) are presented in
Tables 1 and 2. The prevalence of MS in groups 1, 2, 3, and 4
was 80, 75, 62, and 48% respectively. AHI levels were signif-
icantly increased in group 1 as compared to groups 2, 3, and 4
(p = 0.001). Alcohol intakewas significantly higher in group 1
but there was no significant difference between tobacco in-
takes was seen in all groups. Percentages of regular tobacco
and alcohol users were 16.0 and 2.5% respectively. It was
observed that the mean values of blood pressure (systolic
and diastolic), BMI, fat mass (kg), fat-free mass, % body fat,
WC, HC, MTC, neck, subscapular, suprailiac, lateral thoracic,
and thigh were significantly higher in OSA with NAFLD
group as compared to the other groups.

Biochemical profiles and inflammatory markers

The biochemical and inflammatory investigations of the four
groups and multi variable comparison are given in Tables 3 and
4. Mean values of FBG (p = 0.004), serum TG (p = 0.01), TC
(p = 0.02), HDL (p = 0.005), LDL (p = 0.002), AST (p = 0.01),

ALT (p = 0.03), ALP (p = 0.05), fasting insulin (p = 0.001), and
HOMA-IR (p = 0.001) were significantly increased in OSA
with NAFLD group as compared to other groups. Values of
IL-6 (p = 0.05), leptin (p = 0.006), MIF (p = 0.001), Hs-CRP
(p = 0.01), and TNF-α (p = 0.001) were significantly higher,
and serum adiponectin levels (p = 0.04) were lower in OSA
with NAFLD group (Fig. 2).

Multivariate logistic regression

Multivariate logistic regression showed that OSA was posi-
tively associated with the NAFLD [Odds ratio (OR), (95%
confidence interval (CL) 3.12 (2.58–7.72), (p = 0.002)].

Correlation analysis of inflammatory biomarkers
with other variables

Hs-CRP (supplementary Table 1): In OSA and NAFLD group,
Hs-CRP levels correlatedwith AHI (r = 0.497, p = 0.001), BMI
(r = 0.6059, p = 0.002), fat mass (r = 0.5949, p = 0.05), % body
fat (r = 0.5831, p = 0.04), MIF (r = 0.5956, p = 0.04), IL-6 (r =
0.6071, p = 0.005), and TNF-α (r = 0.6971, p = 0.004) levels.
A strong negative correlation was found between Hs-CRP and
serum adiponectin (r = − 0.5654, p = 0.001).

IL-6 (supplementary Table 2): In group 1, IL-6 levels correlat-
ed with AHI (r = 0.613, p = 0.003), % body fat (r = 0.6138,
p = 0.004), fasting insulin (r = 0.6135, p = 0.005), leptin (r =
0.5939, p = 0.03), Hs-CRP (r = 0.6071, p = 0.005), and
TNF-α (r = 0.5338, p = 0.004) levels. In without OSA and
with NAFLD group, IL-6 levels had a positive correlation

Table 1 Demographic, clinical, and body composition investigations

Variables Group 1 (n = 124) Group 2 (n = 47) Group 3 (n = 44) Group 4 (n = 25) Overall p value

Age (yrs) 44.8 ± 9.1 ‡‡ 44.2 ± 9.1 39.5 ± 10.5 #, ‡ 41 ± 8.5 0.08

Sex Males 64 (51.6) 25 (53.2) 26 (59) 17 (68) 0.05
Females 60 (48.4) 22 (46.8) 18 (41) 08 (32)

Apnea hypopnea index
(events per hour of sleep)

22.9 ± 9.4*,† 13.5 ± 6.4‡,@ 4.3 ± 2.4 2.3 ± 1.1 0.001

SYBP (mmHg) 131.4 ± 11.5¶ 130.2 ± 15.6 126 ± 20.6 #, @ 120 ± 16.9 0.001

DYBP (mmHg) 84.4 ± 14.4¶ 83.5 ± 13.6 82.2 ± 15.4@ 80.1 ± 13.6 0.003

Pulse rate 79.70 ± 7.8 79.71 ± 5.9 76.6 ± 5.1 76.83 ± 4.6 0.11

BMI (kg/m2) 33.3 ± 7.9¶ 32.5 ± 6.9 31.0 ± 8.3 #,@ 28.5 ± 8.6 0.003

Fat mass (kg) 40.45 ± 17.4* 35.6 ± 14.2 31.1 ± 14 30.5 ± 9.5 0.02

Fat-free mass (kg) 54.1 ± 12.1* 52.4 ± 11.7 48.03 ± 12.1@ 45.7 ± 9.7 0.002

Total body water (kg) 40.6 ± 8.6 38.2 ± 9.6 35.2 ± 8.7 33.2 ± 8.3 0.5

Body fat (%) 40.2 ± 13.6† 38.2 ± 11.6 37.1 ± 12.8#,@ 34.6 ± 11.6 0.002

Results are shown as mean ± SD. OSAwith NAFLD (group 1), OSAwithout NAFLD (group 2), without OSAwith NAFLD (group 3), and without OSA
andwithout NAFLD (group 4). p value ≤ 0.05 is statistically significant. * group 1 vs 2, 1 vs 3, and 1 vs 4 (p ≤ 0.05); # group 3 vs 4 (p ≤ 0.05); † group 1 vs
3 and 1 vs 4 (p ≤ 0.05); ¶ group 1 vs 4 (p ≤ 0.05); ‡‡ group 1 vs 3 (p ≤ 0.05); ‡ group 2 vs 3 (p ≤ 0.05); @ group 2 vs 4 (p ≤ 0.05). SYBP systolic blood
pressure, DYBP diastolic blood pressure, BMI body mass index
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with serum TG (r = 4752, p = 0.05), TC (r = 0.4753, p = 0.05),
and LDL (r = 0.5333, p = 0.01).

Leptin (supplementary Table 3): In OSA and NAFLD group,
leptin levels correlated with AHI (r = 0.497, p = 0.001), BMI
(r = 0.6159, p = 0.003), % body fat (r = 0.6089, p = 0.002),
fasting insulin (r = 0.5968, p = 0.005), IL-6 (r = 0.5938, p =
0.005), and MIF (r = 0.6038, p = 0.001).

MIF (supplementary Table 4): In OSA and NAFLD group,
MIF levels correlated with AHI (r = 0.643, p = 0.001), BMI
(r = 0.6013, p = 0.03), % body fat (r = 0.6156, p = 0.007), TC

(r = 0.6123, p = 0.01), IL-6 (r = 0.6036, p = 0.003), leptin (r =
0.6036, p = 0.003), and Hs-CRP (r = 0.5956, p = 0.005).

TNF-α (supplementary Table 5): TNF-α levels correlated
with WC (r = 6139, p = 0.004), AST (r = 0.6158, p =
0.003), IL-6 (r = 0.5339, p = 0.005), and Hs-CRP (r =
0.6971, p = 0.003) in OSA and NAFLD group. In with-
out OSA and with NAFLD group, TNF-α levels were
significantly correlating with serum TG (r = 0.6012, p =
0.005). In without OSA and with NAFLD group,
TNF-α levels were significantly correlating with BMI
(r = 0.6076, p = 0.005).

Table 2 Anthropometry profile

Variables Group 1 (n = 124) Group 2 (n = 47) Group 3 (n = 44) Group 4 (n = 25) Overall p value

WC (cm) 106.9 ± 13.3† 104.2 ± 14.6 102 ± 13.5@ 100 ± 15.6 0.001

HC (cm) 109.5 ± 13.2* 106.5 ± 23.5 103 ± 16.9 #,@ 101.7 ± 15.9 0.003

MTC (cm) 55.8 ± 7.4¶ 54.1 ± 8.6 53.2 ± 8.9 52 ± 7.9 0.005

Mid arm 32.16 ± 7.6¶ 30 ± 6.5 29.7 ± 6.4 24.6 ± 5.6 0.6

Neck (mm) 38.74 ± 5.6¶ 38.3 ± 3.6 36.2 ± 4.04 32.1 ± 3.1 0.0004

Biceps (mm) 16.8 ± 7.07 15.4 ± 6.7 17.36 ± 5.4 15.2 ± 5.5 0.9

Triceps (mm) 25.0 ± 10.5 24.3 ± 9.3 24.3 ± 7.7 22.2 ± 9.3 0.44

Subscapular (mm) 30 ± 8.1 29.2 ± 9.8 27 ± 5.6 26 ± 6.5 0.2

Anti-axillary (mm) 17 ± 6.0 14.6 ± 5.3 13.27 ± 5.2 13.7 ± 5.1 0.5

Suprailiac (mm) 31.8 ± 9.8* 29.2 ± 10.5 28.1 ± 9.5 27 ± 8.9 0.02

Lateral thoracic (mm) 33.7 ± 11.1¶ 31.9 ± 12.5 30.1 ± 11.9 28.9 ± 9.8 0.02

Thigh (mm) 30.1 ± 11.3† 26 ± 9.9 25.4 ± 6.6 24.7 ± 8.1 0.05

Results are shown as mean ± SD. OSAwith NAFLD (group 1), OSAwithout NAFLD (group 2), without OSAwith NAFLD (group 3), and without OSA
andwithout NAFLD (group 4). p value ≤ 0.05 is statistically significant. * group 1 vs 2, 1 vs 3 and 1 vs 4 (p ≤ 0.05); # group 3 vs 4 (p ≤ 0.05); † group 1 vs
3 and 1 vs 4 (p ≤ 0.05); ¶ group 1 vs 4 (p ≤ 0.05); ‡‡ group 1 vs 3 (p ≤ 0.05); ‡ group 2 vs 3 (p ≤ 0.05); @ group 2 vs 4 (p ≤ 0.05).WCwaist circumference,
HC hip circumference, MTC mid thigh circumference

Table 3 Biochemical profiles of the subjects

Variables Group 1 (n = 124) Group 2 (n = 47) Group 3 (n = 44) Group 4 (n = 25) Total p value

FBG (mg/dl) 103 ± 25.2 † 104.1 ± 38.4@ 98.14 ± 21.2 90.3 ± 24.4 0.004

TG (mg/dl) 189 ± 40.6 * 177 ± 46.9 ‡‡ 158.1 ± 55.2# 151 ± 58.9 0.01

T.C (mg/dl) 185 ± 38.3* 180 ± 44.6 ‡‡ 178 ± 43.6# 171 ± 39.8 0.02

HDL (mg/dl) 42.4 ± 8.3¶ 43.8 ± 11.7 44.6 ± 9.1 # 52.3 ± 10.2 0.005

LDL (mg/dl) 112.6 ± 40.2¶ 109 ± 36.5‡‡ 109 ± 35.6 98 ± 30.8 0.002

VLDL (mg/dl) 33.5 ± 11.2 32 ± 12.3 31 ± 11.3 30.0 ± 9.6 0.4

AST (IU/L) 44.5 ± 15.9 † 41.4 ± 22.1‡ 39.6 ± 19.6# 31.6 ± 15.9 0.01

ALT (IU/L) 60.9 ± 10.3* 54.2 ± 12.9‡‡ 52.3 ± 11.9 50.9 ± 10.9 0.03

ALP (IU/L) 240.6 ± 74.3† 242 ± 76.5 235 ± 72.9 235 ± 69.8 0.05

Insulin (μU/ml) 12 ± 4.3* 11.1 ± 4.8@ 9.3 ± 3.6 9.3 ± 3.8 0.001

HOMA-IR 2.9 ± 0.92* 2.5 ± 0.98‡‡ 1.9 ± 0.86 1.6 ± 0.76 0.001

Results are shown as mean ± SD. OSAwith NAFLD (group 1), OSAwithout NAFLD (group 2), without OSAwith NAFLD (group 3), and without OSA
and without NAFLD (group 4). p value ≤ 0.05 is statistically significant. *group 1 vs 2, 1vs 3 and 1 vs 4 (p ≤ 0.05); #group 3 vs 4 (p ≤ 0.05); † group 1 vs
3 and 1 vs 4 (p ≤ 0.05); ¶ group 1 vs 4 (p ≤ 0.05); ‡ group 2 vs 3, 2 vs 4, and 3 vs 4 (p ≤ 0.05); @ group 2 vs 3 and 2 vs 4 (p ≤ 0.05). ‡‡ group 2 vs 4 (p ≤
0.05). FBG fasting blood glucose, TG serum triglyceride, TC total cholesterol, HDL high density lipoprotein, LDL low-density lipoprotein, VLDL very
low density lipoprotein, ALPAlkaline phosphate, ALT alanine transaminase, AST aspartate transaminase,HOMA-IR homoeostasis modal assessment for
insulin resistance
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Adiponectin (supplementary Table 6): In OSA and NAFLD
group, a strong negative correlation was found between
adiponectin, AHI (r = − 0.523, p = 0.001), BMI (r = −
0.6103, p = 0.004), and Hs-CRP (r = − 0.5654, p = 0.001).

Discussion

In this study, we observed that blood pressure, body compo-
sition, metabolic profiles, and inflammatory biomarkers
showed significant abnormal values in OSA and NAFLD
group as compared to the other groups. Furthermore, inflam-
matory markers showed a significant correlation in the OSA
and NAFLD group. Most importantly, this study suggests that
OSA and NAFLD operate as an independent contributors to
the increased systemic inflammation that occurs in
overweight/obese subjects. Such an independent relationship
of OSA and NAFLD is being reported for the first time.

OSA is a risk factor for obesity, hypertension, T2DM, and
CVD; its relationship with NAFLD is poorly researched, and
it is also debated whether OSA promotes liver injury indepen-
dently of coexisting comorbidities, including obesity, insulin
resistance, and MS. In obese subjects, a study has been indi-
cated that chronic intermittent hypoxia (CIH) increased liver
injury and inflammation, in which relationship between OSA
to NAFLD is controversial [21]. Another study has been re-
ported that OSA is one of the elements promoting the evolu-
tion of NAFLD from steatosis to NASH [22]. Although, some
small studies have found an independent relationship between
OSA and liver histology [4, 23]. This study also showed in-
dependent relationship between OSA and NAFLD.

Obesity and OSA have been independently associated with
metabolic dysfunction and systemic inflammation [5].
Further, Hs-CRP is one of the markers of systemic inflamma-
tion which has been found to be an important predictor of the
severity of atherosclerosis and cardiovascular outcomes [24].

Table 4 Inflammatory marker investigations

Variables Group 1 (n = 124) Group 2 (n = 47) Group 3 (n = 44) Group 4 (n = 25) p value

Leptin (ng/ml) 20.2 ± 9.2* 16.8 ± 9.5†† 13.5 ± 7.5# 9.8 ± 3.6 0.006

Adiponectin (μg/ml) 10.1 ± 4.6¶ 12.1 ± 6.1 13.3 ± 5.6 14.1 ± 6.0 0.04

MIF (ng/ml) 5.9 ± 2.5* 4.7 ± 1.9†† 3.6 ± 1.3# 2.8 ± 2.0 0.001

IL-6 (pg/ml) 20.1 ± 5.6† 17.5 ± 6.5†† 16.5 ± 4.6 15.4 ± 3.5 0.05

Hs-CRP (mg/L) 4.2 ± 2.2* 3.6 ± 1.5†† 3.1 ± 1.3# 1.4 ± 0.7 0.0001

Log TNFα (pg/ml) 3.86 ± 0.18* 3.6 ± 0.14‡ 3.2 ± 0.06 2.86 ± 0.2 0.001

Results are shown as mean ± SD. OSAwith NAFLD (group 1), OSAwithout NAFLD (group 2), without OSAwith NAFLD (group 3), and without OSA
and without NAFLD (group 4). p value ≤ 0.05 is statistically significant. * group 1 vs 2, 1 vs 3, 1 vs 4 (p ≤ 0.05); # group 3 vs 4 (p ≤ 0.05); † group 1 vs 3
and 1 vs 4 (p ≤ 0.05); ¶ group 1 vs 4 (p ≤ 0.05); ‡ group 2 vs 3 and 2 vs 4; †† group 2 vs 4 (p ≤ 0.05).MIF macrophage migration inhibitory factor, IL-6
interleukin 6, Hs-CRP high-sensitivity C-reactive protein, TNF α tumor necrosis factor alpha
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Similarly, we showed obesity leads to high systemic inflam-
mation in this study.

Chronic inflammation is indicated by an increased expres-
sion of inflammatory cytokines and increased infiltration of
macrophages into the adipose tissue. The relationship between
obesity and inflammation has been further illustrated by the
increased levels of several inflammatory markers including
cytokines and proteins like Hs-CRP in obese individuals
[25]. Xu et al. [26] showed that diet-induced obesity is asso-
ciated with infiltration of macrophages into white adipose tis-
sue. Similarly, we observed that MIF and IL-6 levels were
significantly associated and correlated with OSA and
NAFLD.

During nocturnal hypoxia, adipocytes and monocytes se-
creted IL-6 through the NF-κB pathway. Previous reports
have indicated that IL-6 was an important stimulus of CRP
production in the liver [27] and plays an important role in
inflammatory processes in OSA. Further, free fatty acid flux
to the liver induced by IH [28] and upregulate IκB kinase β
resulting in phosphorylation and degradation of IκB by acti-
vation of NF-κB and synthesis of TNF-α and IL-6 [29–31].
An interesting study has shown that the induction of NF-κB
by CIH leads to upregulation of inflammatory biomarkers
[32]. Further, TNF-α and IL-6 levels are not only increased
in OSA; they are also significantly associated with insulin
resistance, MS, and obesity [33]. A study done by our group
has been identified that the TNF-α − 308 polymorphism was
associated with OSA. In addition, serum TNF α levels were
significantly higher in OSA subjects [19]. In this study, we
found that the increase in inflammatory markers in the OSA
and NAFLD group was independent of the degree of obesity.
Furthermore, all six biomarkers altered by OSA and NAFLD
in our subjects have been ascribed to play a patho-
physiological role in cardiovascular dysfunction, thereby sug-
gesting that OSA and NAFLD in obese subjects might predis-
pose them to a more severe cardiovascular phenotype and to
earlier development of cardiovascular morbidities.

Adiponectin is an important biomarker and produced by
adipocytes. It has been indicated that the severity of NAFLD
was correlated to decreased adiponectin levels [34], and in
adipose tissue, the expression of adiponectin was decreased
by hypoxia [35]; the consequence could be the increased ex-
pression of inflammatory cytokines. Our study also indicated
that serum adiponectin levels were decreased and negatively
correlated in OSA and NAFLD group.

It has been argued that other methods such as magnetic
resonance spectroscopy and liver biopsy are better methods
for defining NAFLD and could be considered as “gold stan-
dard” to be used in the present study. In a recent meta-analysis
regarding ultrasonography for diagnosis of NAFLD, the over-
all sensitivity and specificity of abdominal ultrasound for the
detection of moderate to severe NALFDwas good when com-
pared to histology [36]. Also sensitivity and specificity of

abdominal ultrasound was similar to other imaging techniques
[37]. Finally, abdomen ultrasound for liver fat is simple to
perform, non-invasive, cost-effective, easier to do in a clinical
setting, and can also be used in large epidemiological studies.

Conclusion

Systemic inflammation is more pronounced in overweight/
obese Asian Indians subjects with OSA and NAFLD.
Subjects with OSA and NAFLD are at a higher risk for MS.
Further studies are needed to investigate the role of these
biomarkers on endothelial dysfunction.
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