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BACKGROUND AND OBJECTIVES: Tissue hypoxia due to repeated apneas among patients of obstructive sleep
apnea syndrome (OSAS) leads to cumulative oxidative stress. It is established that an increased plasma level of
hypoxanthine/xanthine may serve as a criterion of tissue hypoxia. We presumed that plasma levels of hypoxan-
thine/xanthine might be high among patients of OSAS due to oxidative stress. Nobody studied this relationship
earlier. The aim of this study was to estimate their plasma levels as markers of hypoxia.

DESIGN AND SETTINGS: This case-control study was performed for a period of 1-year including patients re-
ferred to a tertiary care hospital, New Delhi, India.

MATERIALS AND METHODS: It was a case-control study. A total of 43 patients of OSAS, diagnosed by overnight
polysomnography (PSG), were included in the study. Age- and sex-matched 43 subjects in whom the presence
of OSAS was not confirmed by overnight PSG were enrolled as healthy controls. The severity of disease was
classified on the basis of apnea-hypopnea index (AHI). Out of 43 patients, 9 were moderate and 14 were severe.
None was with mild OSAS. The venous blood sample was collected in the morning after PSG. Hematological
and biochemical assays were also performed. Plasma levels of hypoxanthine/xanthine were measured by fluo-
rometric analysis (normal laboratory reference <2.00 mmol/L). Data collected was analyzed statistically by SPSS
version 14.0, student unpaired t test, chi-square test, Mann-Whitney U test, and Pearson correlation coefficient.
RESULTS: The mean plasma level of hypoxanthine/xanthine in patients of OSAS was found to be 5.4 (5.1)
mmol/L, and in controls it was 1.2 (0.4) mmol/L. A statistically significant (P=.000) difference was found be-
tween both groups. Among patients, a positive correlation between hypoxanthine/xanthine levels with age, AHI,
and serum triglyceride levels was observed. The joint explanatory power of these significant factors was found
to be 59.6% (P<.001).

CONCLUSION: Plasma levels of xanthine/hypoxanthine were significantly elevated in patients of OSAS, and
these were positively correlated with age, serum triglyceride levels, AHI, and severity of the disease.

bstructive sleep apnea syndrome (OSAS) is

related to upper airway obstruction that de-

velops during sleep with manifestations in-

cluding snoring, apneas, and hypopneas. The oxidative
stress markers increase in the blood of OSAS patients
to a variable degree depending on the severity of the
syndrome.' There is a need of an appropriate biochemi-
cal marker to assess this hypoxic-oxidative stress and a
reliable way to assess the antioxidant status of the body.
Hypoxanthine and xanthine are products in the
pathway of purine degradation. Purine is catabolized

through a few intermediates to hypoxanthine that is
converted to xanthine, giving rise to uric acid, a final
product of purine metabolism in human beings.

Both uric acid and lactate are positively correlated
with the degree of hypoxia in OSAS.? It was observed
that an increased blood plasma level of hypoxanthine/
xanthine may serve as an additional criterion of tissue
hypoxia.’ These extracellular markers of ischemia have
been studied in many clinical conditions of oxidative
stress, including acute coronary syndromes,* perinatal
asphyxia, acute respiratory distress syndrome, cerebral
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ischemia, and preeclampsia.® It is evident that plasma
levels of xanthine and hypoxanthine in patients of
OSAS will be high. However, this relationship is not
probed eatlier.

MATERIALS AND METHODS

The institutional academic board and ethical committee
approved the study protocol. An informed and written
consent was taken from each participant. A detailed
history was taken with special emphasis on loud snot-
ing and excessive daytime sleepiness. They were asked
to rate the degree of daytime sleepiness according to
Epworth Sleepiness scale (ESS) 6 in various situations
in day-to-day life. Subjects with psychiatric, neurologi-
cal, other otorhinolaryngeal, or respiratory disorders
were excluded from the study.

Over a year, 88 patients were referred to our tertiary
care hospital with the suspicion of OSAS. The diagno-
sis of OSAS was confirmed by overnight polysomnog-
raphy (PSG) in 43 patients. Another 43 healthy vol-
unteers in whom the presence of OSAS was ruled out
were also included as controls. These subjects were age,
sex, and body mass index (BMI) matched with those of
patients. Height, weight, waist, and neck circumference
and waist/hip ratio (WHR) of all OSAS and control

subjects were measured.

Polysomnography
For all subjects, a nocturnal polysomnographic monitor-
ing was performed during sleep for 6 to 8 hours. Sleep
monitoring was performed using VIASYS Healthcare
Sleep Apnea Screen cardiopolysomnography equip-
ment (VIASYS Healthcare, Germany) in sleep labora-
tory. PSG recorded central electroencephalogram (C3/
A2 and C4/A1), electrooculogram, submental electro-
myogram, anterior tibialis electromyogram, electrocar-
diogram (modified lead V2) for cardiac monitoring,
continuous pulse oximetry using a finger probe, thorac-
ic and abdominal movements, and oronasal thermistor
to measure airflow at the nose and mouth.

Sleep apnea syndrome was defined as more than
5 apneas per hour or 30 apneas per 8 hours of sleep.
Apnea was defined as a decrease of inspiratory flow to
<20% of waking levels for atleast 10 seconds. Hypopnea
was defined as a decrease in inspiratory flow to <50% of
waking levels. The apnea-hypopnea index (AHI) is de-
rived from the total number of apneas and hypopneas
divided by the total sleep time. A normal cutoff for AHI
has never been defined. Most sleep centers use a cutoff
of 5 to 10 episodes per hour. The severity of OSA is
arbitrarily defined and differs widely between centers.
Recommendations for cutoff levels on AHI include 5
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to 15 episodes per hour for mild, 15 to 30 episodes per
hour for moderate, and more than 30 episodes per hour
for severe.

Blood sample

The morning after night PSG, 10 mL of fasting periph-
eral venous blood of all subjects was collected and di-
vided in a plain vial, a fluoride vial, and an EDTA vial.
The serum sample and fluoride sample were used for
routine biochemical investigations, viz., serum choles-
terol, serum triglyceride, and serum fasting blood sugar.
The EDTA sample was immediately transported to the
genetic laboratory. The sample was centrifuged, and the
separated plasma was labeled and stored at —80°C.

Estimation of plasma levels of hypoxanthine/xanthine
Plasma levels of xanthine and hypoxanthine were
measured by fluorometric analysis using a commer-
cially available plate-based assay kit (Invitrogen, United
Kingdom) according to the manufacturer’s instruc-
tions. Xanthine oxidase catalyzes the oxidation of hy-
poxanthine or xanthine to O, which spontaneously
degrades to H,O,. In the presence of horseradish per-
oxidase, H, O, reacts with Amplex Red to generate the
red oxidation product, resorufin, which was assayed flu-
orometrically. A standard curve was plotted by diluting
the xanthine provided in the kit in 1X Reaction Buffer
to produce concentrations of 0 to 40 pM (Figure 1).
The 1X Reaction Buffer without hypoxanthine or xan-
thine was used as a negative control. The reaction was
incubated for 30 minutes or longer at 37°C protected
from light. The fluorescence was measured in a micro-
plate reader using excitation in the range of 530-560
nm and emission detection at ~590 nm or absorbance
at ~560 nm. Correction for the background fluores-
cence or absorbance was done by subtracting the value
derived from the negative control. The measured value
in this assay was a combination of both hypoxanthine
and xanthine.

Statistical analysis

The data was analyzed statistically by SPSS version 20.
Variables between the OSAS and the control group
were compared using student unpaired t test. The P
value <.05 was considered to be statistically significant.
The correlation between various quantitative variables
with hypoxanthine/xanthine levels was assessed using
Pearson correlation coeflicient. The stepwise regression
method was used to find out the significant factors in-
fluencing hypoxanthine/xanthine levels. The dependent
variable in the regression was hypoxanthine/xanthine
level. The independent variables tried in the regression
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equation were age, ESS, BMI, WHR, neck circumfer-
ence, mean arterial pressure, serum cholesterol, serum

triglyceride, fasting blood glucose, and AHI.

RESULTS

Age and other parameters of patients of OSAS and
healthy controls are presented in Table 1. There was
statistically no difference between the age and BMI of
OSAS and control groups. However, the OSAS group
had greater waist circumference, neck circumference,
and WHR than the control group. Thus, obesity vari-
ables showed that the OSAS group, though matched
for BMI, had a greater central fat distribution com-
pared to the control group. The mean arterial blood
pressure of the OSAS group was significantly higher
than that of the control group (P<.05). There was a
statistically significant elevation of serum cholesterol,
serum triglyceride, and fasting blood sugar levels in pa-
tients of the OSAS group than in the control group.
On the basis of AHI, OSAS was moderate in 9 pa-
tients and severe in 34 patients. There were no patients
of the mild OSAS.

The mean plasma level of hypoxanthine/xanthine
in patients of the OSAS group was found to be 5.38
(5.11) pM (range from 0.4-28 pM) and that in pa-
tients of the control group was found to be 1.23 (0.42)
pM (range from 0.4-1.8 uM). The difference between
the mean plasma levels of OSAS and control groups
was found to be statistically significant (P value .0000).

Among the patients, the correlation analysis of
plasma levels of hypoxanthine/xanthine was done with
respect to qualitative factors, viz. gender, hypertension,
diabetes mellitus, and severity of OSAS. Plasma levels
of hypoxanthine/xanthine showed a positive correla-
tion with the severity of OSAS (P<.05). No correla-
tion could be found between hypoxanthine/xanthine
levels and gender, or presence of hypertension and dia-
betes mellitus.

The correlation analysis of hypoxanthine/xanthine
levels was done with respect to various quantitative
parameters, viz., age, ESS, BMI, WHR, neck circum-
ference, mean arterial blood pressure, serum choles-
terol, serum triglyceride, fasting blood sugar, and AHI
(Table 2). A statistically significant positive correlation
was found between hypoxanthine/xanthine levels and
3 quantitative parameters, viz. age, serum triglyceride,
and AHIL.

A further regression analysis confirmed the results
obtained through the correlation analysis. The joint
explanatory power of these significant factors, viz.,
age, serum triglyceride, and AHI was 59.6%. The coef-

ficients obtained through the regression analysis was
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Figure 1. Xanthine standard curve.

interpreted as follows (Table 3): for every 1 year in-
crease in age, plasma levels of hypoxanthine/xanthine
increased by 0.115 pM; for every 1 unit rise in serum
triglyceride level, the value of hypoxanthine/xanthine
levels increased by 0.030 uM, and for every 1 unit in-
crease in AHI, the value of plasma levels of hypoxan-
thine/xanthine increased by 0.102 pM.

DISCUSSION
There are reasons to investigate the role of hypoxan-
thine/xanthine oxidase as a marker of tissue hypoxia
in OSAS. First, the xanthine oxidase activity increased
by hypoxia and by various cytokines such as tumor
necrosis factor-a (TNF-at).” Since patients with
OSAS experience frequent hypoxic episodes during
sleep, TNF-a. concentrations elevated in patients with
OSAS;® xanthine oxidase activity may also be increased
in patients with OSAS. It was demonstrated that two
weeks of xanthine oxidase inhibition improved flow-
mediated dilation in the brachial arteries of patients
with OSAS, suggesting that xanthine oxidase plays a
role in vascular impairments caused by OSAS.’
Obesity, dyslipidemia, and sedentary lifestyle are
common risk factors for both OSAS and cardiovascu-
lar diseases. Moreover, in OSAS, hypoxemia and reten-
tion of CO, (both of which activate the chemoreflexes)
as well as abrupt changes in intrathoracic pressure and
arousal from sleep occur. This results in acute hemody-
namic consequences of obstructive apnea that include
sympathetic-mediated vasoconstriction and conse-
quent increase in blood pressure. In this study also,
the mean blood pressures (systolic, diastolic, and mean
arterial pressure) in the control group were found to be
significantly higher than in patients of OSAS that cor-
roborates previous studies.'” The interrelationship be-
tween OSAS and dyslipidemia has been observed.! In
this study also fasting levels of serum cholesterol and
serum triglycerides significantly elevated in patients of
OSAS (P<.05).

Studies have provided evidence supporting an in-
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Table 1. Descriptive statistics and P value of different variables in case (patients) of 0SAS and control groups.

Parameters Group Mean SD Minimum Maximum P value
Case 45.23 10.63 19 70
Age (y) .50000
Control 45.23 10.03 22 66
Case 157.24 8.34 142.5 173
Height (cm) .05051
Control 154.53 6.73 140 170
Case 86.90 18.26 63 150
Weight (kg) .08720
Control 82.02 14.51 57 120
Case 35.21 7.15 26.61 57.07
BMI (kg/m?) .33838
Control 34.55 7.30 25.39 57.07
Case 105.19 16.04 86 156
Waist (cm) .00000
Control 87.63 434 82 102
Case 103.74 14.81 80 146
Hip (cm) .00000
Control 88.67 3.94 83 100
Case 1.01 0.06 0.90 1.19
Waist-hip tatio .00373
Control 0.99 0.03 0.94 1.05
Neck Case 43.30 4.70 35 58 00000
circumference (cm) Control 39.16 327 32 45
BP - systolic (mm Case 129.98 16.02 % 170 00925
Ha) Control 122.07 14.47 96 154
(mm Hg) Control 79.44 7.14 60 92
Mean arterial Case 9923 127 8 130 00603
pressure (mm Hg) Control 93.65 875 72 11067
Case 205.81 44,70 122 340
Serum cholesterol 00033
Control 178.05 25.47 127 231.00 :
Case 171.63 45,65 88 310
Serum triglyceride .00144
Control 146.35 28.85 93 219.00
Case 112.56 28.14 79 210
Fasting blood sugar .00415
Control 99.79 12.93 72 134.00
Hypoxanthine/ Case 5.38 511 04 2 00000
Xanthine levels Control 123 0.42 04 1.80

BP: Blood pressure; BMI: body mass index; 0SAS: obstructive sleep apnea syndrome; SD: standard deviation.

crease of oxidative stress in OSAS."121 It has been
postulated that one potential source of OSAS-induced
oxidative stress in vascular endothelium is the cyto-
solic and membrane-bound enzyme xanthine oxidase.
Superoxide anions generated by this enzyme could
limit nitric oxide bioavailability, thereby impairing
endothelium-dependent vasodilatation and contribute
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to vascular remodeling. It has been demonstrated that
an increased blood plasma level of hypoxanthine/xan-
thine might serve as an important criterion of tissue
hypoxia.?

Hypoxanthine/xanthine is catabolized by xanthine
oxidase to uric acid. In this study, luorometric principle
was used to measure the plasma level of hypoxanthine/

31



312

xanthine. The fluorometer assayed the enzyme activity
that reflected the level of both hypoxanthine and xan-
thine. The hypoxanthine could not be separated from
xanthine, as both are catabolized by xanthine oxidase
to uric acid. The measured value in this assay is a com-
bination of both. The inability to separate them is less
critical when one is evaluating tissue injury caused by
oxygen radical formation because both metabolites are
involved in hypoxic injury.

Previous studies' have shown a positive correla-
tion of xanthine oxidase activity with age, sex, and
obesity. To avoid the effect of these confounding fac-
tors, a control group was selected, which was age, sex,
and obesity matched. In this study, the mean level of
serum hypoxanthine/xanthine was found to be high-
er in the OSAS patients than in the control group
(P=.00). This suggested that these metabolites (hypo-
xanthine/xanthine) in the plasma of OSAS patients
denote tissue hypoxia.

Further analysis was done to determine the effect
of various quantitative factors on plasma levels of hy-
poxanthine/xanthine in the OSAS group. Only the
patients of the OSAS group were analyzed. A sig-
nificant positive correlation between plasma levels of
hypoxanthine/xanthine with age, serum triglyceride
levels, and AHI levels was found. The previous studies
did reveal a positive correlation between xanthine and
hypoxanthine levels with age and dyslipidemia.’**¢
Present studies showed a positive correlation between
hypoxanthine/xanthine with AHI; this observation
signified the fact that the hypoxanthine/xanthine level
increased with the severity of the disease. The results
of stepwise regression analysis revealed that AHI was
the most important factor influencing hypoxanthine/
xanthine plasma levels. The other significant factors
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influencing hypoxanthine/xanthine levels were serum
triglyceride and age.

It was concluded that plasma levels of hypoxan-
thine/xanthine significantly elevated in patients of
OSAS; and they were positively correlated with the
severity of OSAS. The oxidative stress markers in-
crease in the blood of OSAS patients to a variable de-
gree, depending on the severity of the syndrome and,
therefore, may be suitable for a clinical follow-up of
such patients. A positive correlation between hypo-
xanthine/xanthine levels with age and serum triglyc-
eride levels did exist.

Table 2. Correlation of plasma levels of hypoxanthine/xanthine
in OSAS patients with different quantitative parameters.

Xanthine and

hypoxanthine Coefficient P value
levels

Age 0.320 .03654
ESS 0.268 .08208
BMI -0.048 .75980
WHR 0.257 .09653
cNi?glIJ(mference L 19401
MAP 0.008 .96057
Serum cholesterol 0.163 .29558
Serum triglyceride 0.414 .00575
FBS 0.054 73075
AHI 0.653 .00000

AHI: Apnea-hypopnea index; BMI: body mass index; ESS: Epworth Sleepiness scale;
FBS: fasting blood sugar; MAP: mean arterial pressure; 0SAS: obstructive sleep apnea
syndrome; WHR: waist/hip ratio.

Table 3. Multivariate regression analysis to determine the factors influencing plasma levels of hypoxanthine/xanthine in patients

with 0SAS.
Variable (s) Unstanfla.rdlzed Standard error Stand;_arfilzed t P value
coefficients coefficients
Constant -1.038 1.306 0.653 -0.795 431
AHI 0.107 0.019 : 5.525 .000
Constant -1.267 2.273 -3.197 .003
AHI 0.100 0.018 0.614 5.714 .000
Serum triglyceride 0.039 0.012 0.344 3.205 .003
Constant -11.159 2.776 -4.020 .000
AHI 0.102 0.017 0.623 6.076 .000
Serum triglyceride 0.030 0.012 0.272 2.529 .016
Age 0.115 0.051 0.239 2.243 .031

AHI: Apnea-hypopnea index; 0SAS: obstructive sleep apnea syndrome.
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