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Abstract

Purpose The pathophysiological mechanism of the relationship between xanthine oxidase (XO) activity and obesity has not
been completely elucidated. Since inflammation and oxidative stress are regarded as key determinants of enlarged adipose
tissue, we aimed to investigate the association between oxidative stress (as measured with XO activity), inflammation [as
measured with high-sensitivity C-reactive protein (hsCRP)] and obesity [as measured with body mass index (BMI)]. In
addition, we wanted to examine whether hsCRP itself plays an independent role in XO activity increase or it is only medi-
ated through obesity.

Methods A total of 118 overweight/obese volunteers (mean age 54.76 + 15.13 years) were included in the current cross-
sectional study. Anthropometric, biochemical parameters, and blood pressure were obtained.

Results Significant differences between age, BMI, waist circumference, concentrations of uric acid and hsCRP, as well as
xanthine dehydrogenase (XDH) activities were evident among XO tertile groups. Multiple linear regression analysis revealed
that BMI (beta=0.241, p=0.012) and XDH (beta = — 0.489, p <0.001) are the independent predictors of XO activity (R*
adjusted =0.333), whereas hsCRP lost its independent role in XO activity prediction.

Conclusion Obesity (as determined with increased BMI) is an independent predictor of high XO activity in overweight/
obese population.

Level of Evidence Level V: cross-sectional descriptive study.

Keywords Inflammation - Obesity - Oxidative stress - Xanthine oxidase

Introduction the best therapeutical target approach for such cardiometa-

bolic disorders [7-10].

It is well known that increased oxidative stress and inflam-
mation are the major underlying features of obese state, and
consequently obesity-related disorders [1-6].

For that reason, many biomarkers of oxidative stress and
inflammation have been widely explored so far, searching for
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The enzyme xanthine oxidase (XO) has been gaining a
lot of attention recently, especially concerning the benefi-
cial role of XO inhibitors in cardiometabolic diseases [11].
This enzyme is an oxidant form of xanthine oxidoreduc-
tase (XOD), which converts purine bases to uric acid [12].
Under normal physiological conditions XOD predominates
in the form of xanthine dehydrogenase (XDH). However,
in the state of hypoxia, when antioxidant defense system
can no longer cope with increased free radical production,
increased oxidative stress occurs [12] and XOD converts into
XO, which is regarded as the main source of reactive oxy-
gen species liberation in circulation [13]. These processes
might explain the increased XO activity in inflammatory
states such as familial hypercholesterolemia [14], metabolic
syndrome [15], and cardiovascular disease (CVD) [11]. In
addition, several recent studies, although in a small sample
size, have confirmed the influence of obesity on increased
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activity of this enzyme [15-17]. However, the pathophysi-
ological mechanism on the relationship between XO activity
and obesity has not been completely elucidated. Importantly,
inconsistent results concerning the independent relationship
between some inflammation biomarkers and XO activity
have been demonstrated so far [14, 15, 18].

Since inflammation and oxidative stress are regarded as
the key determinants of enlarged adipose tissue, we aimed
to investigate the association between oxidative stress (as
measured with XO activity), inflammation [as measured
with high-sensitivity C-reactive protein (hsCRP)] and obe-
sity [as measured with body mass index (BMI)]. In addition,
we wanted to examine whether hsCRP itself plays an inde-
pendent role in XO activity increase or it is only mediated
through obesity.

Subjects and methods
Study population

A total of 118 overweight/obese volunteers (mean age
54.76 + 15.13 years) were recruited in the Center for Labo-
ratory Diagnostics of the Primary Health Care Center in
Podgorica, Montenegro, for their regular biochemical analy-
ses check-up in a period from October 2015 to May 2016.
Clinical examinations and medical history for each partici-
pant were carried out on the same day.

Participants that were eligible to enter the study met the
inclusion criteria: overweight/obese otherwise healthy vol-
unteers, that had not used any medicament therapy in the last
6 months. Subjects with 25 <BMI <30 and BMI > 30 kg/m?,
were regarded as overweight and obese, respectively.

Exclusion criteria were: normal weight or underweight
participants (i.e., 18.5 <BMI <25 kg/m?, BMI < 18.5 kg/m?,
respectively), acute inflammatory disease, hsCRP> 10 mg/L,
diabetes mellitus, liver disease other than steatosis, gout,
ethanol consumption > 20 g/day, pregnancy, malignant dis-
eases, as well as unwillingness to enter the study.

All procedures performed in the current study involving
overweight/obese subjects were in accordance with the ethi-
cal standards of the Research Committee of Primary Health
Care Center in Podgorica, Montenegro which approved the
research protocol, and with the 1964 Helsinki Declaration
and its later amendments. All the participants included in
this examination provided written informed consent.

We have selected exclusively overweight/obese popula-
tion, since it is well known that this group is at increased car-
diometabolic risk compared to normal weight individuals [1,
2]. In addition, enlarged adipose tissue in overweight/obese
individuals is characterized with increased reactive oxygen
species production, as well as with increased inflamma-
tion level through enhanced secretion of pro-inflammatory
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adipocytokines, compared with adipose tissue in normal-
weight individuals [1, 2]. Therefore, we aimed to examine if
BMI influences XO activity, to come up with better targeted
treatment for this vulnerable group.

Aiming to get better insight into the relationship
between obesity and inflammation with XO, participants
were grouped into the three tertile groups according to the
levels of XO activity (i.e., < 122.50, 122.51-144.55, and
> 144.56 U/L, respectively).

Anthropometric measurements

Basic anthropometric measurements [i.e., body weight,
body height, waist circumference (WC) and BMI], as well
as systolic blood pressure (SBP) and diastolic blood pressure
(DBP) were obtained, as described elsewhere [6].

Biochemical analyses

Biochemical analyses were performed after an over-night
fasting of at least 8 h. Cubital venous blood sample was col-
lected from each participant. The blood samples were taken
between 7 and 9 o’clock a.m. Samples were left to clot for
30 min and then centrifuged at 3000 rpm for 10 min. Fasting
glucose and lipid parameters were measured immediately,
and other aliquots of serum were frozen until the analyses. In
addition, a whole blood in K,EDTA was used for determina-
tion of glycated hemoglobin (HbAlc).

Serum malondialdehyde (MDA) level and catalase
(CAT), XOD, and XO activity were measured spectropho-
tometrically, as described previously [8, 13]. The determina-
tion of XOD and XO in serum was based on the liberation
of uric acid using xanthine as substrate in the presence of
NADH (for XOD) or absence of NADH (for XO) when only
molecular oxygen was electron acceptor. The XDH activity
was calculated by subtracting XO activity from XOD activ-
ity [13], and the results in XOD, XO and XDH, respectively,
were expressed in U/L.

Lipid parameters [e.g., total cholesterol (TC), high-den-
sity lipoprotein cholesterol (HDL-c), low-density lipoprotein
cholesterol (LDL-c), triglycerides (TG)], glucose, creatinine,
uric acid, bilirubin, aspartate aminotransferase (AST), ala-
nine aminotransferase (ALT) and gamma-glutamyl trans-
ferase (GGT), were measured using standardized enzymatic
procedure, while HbA 1c was measured with immunoturbi-
dimetric assay (Roche Cobas 400, Mannheim, Germany).
HsCRP levels were measured nephelometrically (Behring
Nephelometer Analyzer, BN II, Marburg, Germany).

Statistical analysis

Continuous variables with normal Gaussian distribution
were expressed as arithmetic mean + standard deviation. In
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the case of non-Gaussian distribution, logarithmic transfor-
mation of data was carried out to reach normality and those
data were expressed as geometrical mean (95% confidence
interval). If Gaussian distribution was not accomplished
after logarithmic transformation, data were expressed as
median (interquartile range). Categorical data are presented
as absolute frequencies. Comparisons of continuous parame-
ters were performed using the ANOVA with Bonferroni post
hoc test (for normally or log-normally distributed data) and
Kruskal-Wallis with post hoc test (for skewed distributed
data). Differences between categorical variables were tested
by Chi-square test. To assess the correlation between clini-
cal parameters, bivariate Spearman’s correlation analysis
was executed. Data are presented as Spearman’s correlation
coefficient (p). If p values for Spearman’s p correlation coef-
ficient had been < 0.10, those variables (confounders) with
normal and log-normal distribution were included in mul-
tiple linear regression analysis. Multiple linear regression
analysis was performed to estimate the independent contri-
butions of clinical parameters on XO activity. The F-ratio of
ANOVA test in multiple linear regression analysis was used
to determine whether the overall regression model is good
fit of data. Multicollinearity between independent variables
was also tested. A p<0.05 was set as statistical significant.
Statistical analyses were carried out using PASW® Statistic
version 18 (Chicago, Illinois, USA).

Results

The basic demographic characteristics according to XO
tertiles are summarized in Table 1. There were significant
differences in age, BMI and WC between XO activity ter-
tile groups. Participants in the third XO tertile group were
older than those in the first one (p <0.05). BMI of partici-
pants in the third tertile group was significantly higher than
those in the first (p <0.01) and the second XO activity ter-
tile group (p <0.05). In addition, participants in the third
XO activity tertile group had significantly higher WC than
those in the first (p < 0.05) and the second XO tertile group
(» <0.05). There were no significant differences in SBP and
DBP between XO activity tertile groups. Chi-square analysis
demonstrated equal distribution of both, gender (p =0.094)
and smoking habits (p =0.416) in each of the XO activity
tertile groups.

Significantly different concentrations of uric acid and
hsCRP, as well as XDH activities were evident among XO
activity tertile groups (Table 2). Uric acid concentration
washigher in the third than in the second XO tertile group
(p <0.05) and those tertile groups were not significantly
different from the first XO tertile group. HSCRP concen-
tration was higher in the third than in the first and the sec-
ond XO tertile group (p <0.01 for both). Opposite to this,
XDH activities were lower in the third than in the first and

Table 1 Basic demographic
characteristics of examined

First XO activity ter-

Second XO activ- Third XO activity tertile p

- ; tile (<122.50 U/L) ity tertile (122.51- (=144.56 U/L)
popu?atlon a}ccordmg to XO 144.55 U/L)
activity tertiles
N (male/female) 42 (18/24) 38 (8/30) 38 (15/23) 0.094
Age, years 50.10+16.21 55.08 +14.56 59.61 +13.08%* 0.018
BMI, kg/m? 26.70+4.84 27.68+5.57 30.41 £4.47%%0x 0.004
WC, cm® 94.50 (86.50-107.00) 97.00 (91.00-104.00) 103.00 (97.00-111.00)%+* 0,005
SBP, mmHg® 134 (127-141) 135 (129-145) 140 (130-146) 0.243
DBP, mmHg* 78 (70-83) 76 (70-84) 80 (73-85) 0.388
Smoking habits, 31/11 26/12 31/7 0.416
(smoker/non-
smoker)

Data are presented as arithmetic mean +SD and compared by one-way ANOVA

Categorical variables are presented as absolute frequencies and compared by Chi-square test for contin-

gency tables

BMI body mass index, WC waist circumference, SBP systolic blood pressure, DBP diastolic blood pressure,

XO xanthine oxidase

Significantly different from the first XO tertile using post hoc Bonferroni test

bSignificantly different from the second XO tertile using post hoc Bonferroni test

“Skewed distributed data are presented as median (interquartile range) and compared by Kruskal-Wallis

test

dSignificantly different from the first group using Kruskal-Wallis post hoc test

¢Significantly different from the second group using Kruskal-Wallis post hoc test

9 <0.05; ** p<0.01
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Table 2 Laboratory and clinical parameters of examined population according to XO activity tertiles

First XO activity tertile Second XO activity tertile Third XO activity tertile D
(£122.50 U/L) (122.51-144.55 U/L) (>144.56 U/L)
TC, mmol/L 5.28+1.23 5.84+1.31 5.76+1.18 0.101
HDL-c, mmol/L 1.47+0.46 1.51+£0.42 1.34+0.37 0.206
LDL-c, mmol/L? 2.92 (2.61-3.26) 3.44 (3.10-3.82) 3.45 (3.13-3.80) 0.091
TG, mmol/L? 1.50 (1.26-1.77) 1.45 (1.26-1.68) 1.64 (1.43-1.88) 0513
Glucose, mmol/L° 5.20 (4.90-6.10) 5.40 (5.00-6.00) 5.60 (5.20-6.10) 0.239
HBAlc, % 5.05+£0.67 5.08+0.55 5.31+047 0.090
AST, U/L® 20 (17-24) 20 (17-22) 20 (18-24) 0.700
ALT, U/L® 21 (16-27) 20 (14-27) 22 (16-28) 0.580
GGT, U/L® 15 (12-30) 16 (12-19) 15 (12-24) 0.710
Total bilirubin, pmol/L° 7.90 (5.90-10.00) 6.35 (5.60-9.90) 6.65 (5.10-8.70) 0.535
Creatinine, pmol/L° 69.50 (60.00-81.00) 63.00 (56.00-75.00) 70.00 (63.00-82.00) 0.058
Uric acid, umol/L 278.43+67.10 265.32+72.38 312.47 £81.97°* 0.018
HsCRP, mg/L* 1.17 (0.88-1.54) 1.23 (0.92-1.66) 2.50 (1.96-3.20)C# <0.001
XOD, U/L 328.94+72.40 343.77 £64.69 338.16+73.69 0.636
X0, U/L* 92.70 (82.96-103.58) 132.36 (130.44-134.75) 186.32 (175.14-198.22) <0.001
XDH, U/L 231.70+81.07 210.89+63.25 148.35 +75.86 C i <0.001
MDA, ymol/L 50.63+7.45 53.59+8.02 52.83+9.28 0.249
CAT, UL 82.41+40.58 62.08 +38.48 67.41+49.34 0.092

Data are presented as arithmetic mean +SD and compared by one-way ANOVA

TC total cholesterol, HDL-c high-density lipoprotein cholesterol, LDL-c low-density lipoprotein cholesterol, TG triglycerides, HbAIc glycated
hemoglobin, AST aspartate aminotransferase, ALT alanine aminotransferase, GGT gamma-glutamyl transferase, HsCRP high-sensitivity C-reac-
tive protein XOD xanthine oxidoreductase, XO xanthine oxidase, XDH xanthine dehydrogenase, MDA malondialdehyde, CAT catalase

“Log-normal distributed data are presented as geometric mean (95% CI) and compared by one-way ANOVA after logarithmic transformation

bSkewed distributed data are presented as median (interquartile range) and compared by Kruskal-Wallis test

“Significantly different from the second XO tertile using post hoc Bonferroni test

dSignificantly different from the first XO tertile using post hoc Bonferroni test

#p<0.05; ** p<0.01

the second XO tertile group (p < 0.01 for both). There were
no significant differences in lipid profile and other clinical
parameters between tested XO activity tertile groups. In
addition, one-way ANOVA showed no significant differ-
ences in MDA concentrations and CAT activities between
tested groups.

Significant positive correlations were determined between
XO activity and age, BMI, hsCRP (p=0.202, p=0.028;
p=0.328, p<0.001 and p=0.325, p<0.001). Signifi-
cant negative correlations between XO activity and XDH,
CAT activities (p = — 0.447, p<0.001 and p = — 0.190,
p=0.039, respectively) were determined in this group of
examinees (Table 3). No significant correlations were deter-
mined between XO activity and lipid parameters, HbAlc,
XOD and MDA.

In further statistical analysis, we applied multiple linear
regression analysis to identify the parameters independently
associated with XO activity. Independent normal and log-
normal distributed variables that correlated with XO activ-
ity in Spearman’s correlation analysis with significance

@ Springer

of p<0.10 (Table 3) were grouped into the Model. These
independent variables statistically significantly predicted XO
activity (F=10,726, p <0.001). This also demonstrated the
Model as a good fit of the data. An adjusted R?=0.333 for
the Model demonstrated that 33.3% variation in XO activ-
ity could be explained by this Model. BMI was indepen-
dently associated with increase in XO activity (#=0.241,
p=0.012) and XDH activity was independently associated
with decrease in XO activity (f = — 0.489, p <0.001). The
multiple regression unstandardized coefficient (B), its stand-
ard error (SE), standardized coefficient (), ¢ value and sig-
nificance (p) are presented in Table 4.

Discussion

The finding of the current study reveals that increased XO
activity is independently associated with BMI in overweight/
obese population (Table 4). Our results are in accordance
with some previous studies which also found the association
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Table 3 Bivariate Spearman’s correlation analysis between XO activ-
ity and other clinical parameters

XO, U/L

P p
Age, years 0.202 0.028
BMI, kg/m? 0.328 <0.001
TC, mmol/L 0.104 0.265
HDL-c, mmol/L —-0.106 0.255
LDL-c¢, mmol/L 0.161 0.081
TG, mmol/L 0.070 0.454
HbAlc, % 0.105 0.255
Uric acid, umol/L 0.089 0.363
HsCRP, mg/L 0.325 <0.001
XOD, U/L 0.071 0.445
XDH, U/L —0.447 <0.001
MDA, pumol/L 0.082 0.377
CAT, U/L —0.190 0.039

BMI body mass index, TC total cholesterol, HDL-c high-density lipo-
protein cholesterol, LDL-c low-density lipoprotein cholesterol, TG
triglycerides, HbAIc glycated hemoglobin, HsCRP high-sensitivity
C-reactive protein, XOD xanthine oxidoreductase, XO xanthine oxi-
dase, XDH xanthine dehydrogenase, MDA malondialdehyde, CAT
catalase

Table 4 Multiple regression analysis for the association of examined
parameters with XO activity

Predictors Dependent variable XO activity; F=10,726,
p<0.001, R”?=0.367, Adjusted R*=0.333
Unstandardized Standardized coefficient
B Standard g t P

error

Age, years 0.103 0.089 0.097 1.153  0.252

BMI, kg/m> 0.749 0.292 0.241 2.566  0.012

LDL-c, —0.015 0.094 -0.013 -0.155 0.877

mmol/L

HsCRP, mg/L 0.002 0.038 0.005 0.056  0.955

XDH, U/L —-0.966 0.157 —0489 -6.145 <0.001

CAT, U/L —0.015 0.030 —-0.040 -0.503 0.616

BMI body mass index, LDL-c low-density lipoprotein cholesterol, 7G
triglycerides, HsCRP high-sensitivity C-reactive protein, XDH xan-
thine dehydrogenase, CAT catalase

between XO activity and BMI in patients with metabolic
syndrome [15] and diabetes [19], explaining the another
interesting role of XO, in addition to purine metabolism.
Namely it has been reported that XO plays a pivotal role
in adipocytes differentiation through regulation of the
nuclear receptor peroxisome proliferator-activated recep-
tor y (PPARY) activity [20], which is a determining factor
for controlling the development of adipocytes [21]. In line
with this, an increased expression and activity of XO was

observed in adipose tissue of obese mice, whereas decrease
in XO activity was correlated with reduction in fat mass
[20].

Indeed, clinical studies also demonstrated increased XO
activity even in obese young population, although in smaller
sample size than in the current study [16, 17]. Chiney et al.
[17] examined 16 normal weight and 9 obese children,
whereas Tamm et al. [16] evaluated 22 normal weight and 20
obese children, and in both of these studies obese children
displayed higher XO activity than their normal weight coun-
terparts. The activity of XO even correlated with CVD risk
factors [16], thus suggesting that increased XO activity may
influence on increased cardiovascular risk even at young
age. Conversely, reduction in fat mass lead to decreased XO
activity [22, 23].

In the current study, we have also shown that subjects
in the highest XO activity tertile group had significantly
higher WC than those in the lower XO activity tertile groups
(Table 1). This is in accordance with previous findings of
visceral adipose tissue as significant pro-oxidant and pro-
inflammatory milleu with a broad spectrum of increased
mediators of inflammation [2, 24] and reactive oxygen
species, but low antioxidant defense [6]. In line with this,
although no differences were observed in the CAT activity
between the three XO activity tertiles groups (Table 2), we
demonstrated a negative correlation between XO and CAT
(Table 3), showing a tight relationship between increased
oxidative stress and decreased antioxidant defense. Simi-
larly, the inverse association between XO and another anti-
oxidant defense enzyme, such as superoxide dismutase was
reported in the previous study [15]. In contrast, a significant
decrease in XDH activities were observed in the third XO
activity tertile group in comparison to the first and second
tertile groups. The possible explanation for such finding may
lay in the predomination of XOD in the form of XDH under
normal physiological conditions, but in the state of hypoxia
and increased oxidative stress, when antioxidant defense sys-
tem can not combat with the increased free reactive oxygen
species any more [12], XOD becomes converted into XO
at the expense of reducing XDH [13]. Given the increased
hypoxia in the obese adipose tissue [25], which leads to fur-
ther adipose tissue dysfunction, accompanied with increased
oxidative stress, our results of increased XO activity parallel
with decreased XDH activity are not surprising.

In the current study, we have also shown the increase in
hsCRP parallel with the increment in XO activity tertiles
(Table 2), and its correlation with XO activity (Table 3).
However, this association lost its independence in multiple
linear regression analysis (Table 4).

Similarly, Feoli et al. [15], although in a smaller sam-
ple size than ours (n=17) showed that XO activity cor-
related positively with hsCRP. Furthermore, in a study
of participants with familial combined hyperlipidemia,
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Martinez-Hervas et al. [18] confirmed a relationship
between XO activity and hsCRP, but that association was not
independent, which is in accordance with the results of our
study. However, they reported the independent relationship
between XO activity and some other inflammation biomark-
ers, such as nuclear factor kappa beta (NF-kB) activity and
interleukin-6 [18]. On the contrary, Real et al. [14] showed
that XO was independently associated with both, hsCPR and
NF-kB in patients with familial hypercholesterolemia. The
possible explanation for such discrepancies between stud-
ies might be explained by different study groups, as well as
different sample size of the examined groups. However, this
can at least in part explain the important link between obe-
sity and CVD through increased inflammation and oxidative
stress, since it has been shown that XO plays a pivotal role
in inflammatory states leading to monocyte chemoattract-
ant protein-1 production in macrophages [11]. In addition,
increased expression of XO in endothelial cells and pro-
duction of reactive oxygen species by XO further inactivate
nitric oxide, which may be another contributing factor to
vascular damage and consequent CVD [11].

The relationship between XO activity and cardiometa-
bolic risk was confirmed by some other studies, as well as
that XO inhibition can have beneficial effect on reducing
cardiometabolic risk. Namely Kushiyama et al. [26] showed
that XO is involved in macrophage foam cell formation and
atherosclerosis development, thus suggesting that XO inhibi-
tors may have beneficial role in prevention of CVD. In line
with this, El-Bassossy et al. [27] showed that XO inhibi-
tion has led to decrease in the low-grade inflammation and
oxidative stress associated with insulin resistance through
amelioration of hypertriglyceridemia.

On the other hand, Murakami et al. [28] demonstrated
that the reduction in XO gene expression in mice enhanced
the accumulation of lipids in adipocytes, leading to an
increased oxidative stress, and induced obesity with con-
comitant insulin resistance in older age mice groups. Tsush-
ima et al. [25] also suggested a possible involvement of XO
in lipid homeostasis. Even though they reported that adipose
tissue in obese mice displayed higher XO activity than those
in control group, they speculated that enlarged adipose tis-
sue is accompanied with active fatty acid synthesis, which
is closely related to de novo purine synthesis through the
activation of the pentose phosphate pathway.

Additionally, we have observed significant increase in the
age of the participants in the third XO activity tertile group
in relation to the first tertile group (Table 2), as well as posi-
tive correlation between XO and advanced age (Table 3).
However, although similar association between XO activ-
ity and age was found in human plasma in previous report
[29], in our current study age was not an independent predic-
tor of higher XO activity, but was one of the confounders
(Table 4).
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The cross-sectional design represents the limitation of
the current study. However, unlike several previous stud-
ies [15-17], we have included a larger sample size of par-
ticipants when estimating the complex relationship between
obesity, oxidative stress and inflammation. However, new
studies with longitudinal design are needed to examine the
causal link between the mentioned entities, as well as to
reveal the best therapeutic target approach for the obesity-
related diseases.

Conclusion

Obesity (as determined with increased BMI) is an inde-
pendent predictor of high XO activity in overweight/obese
population. New studies are needed to explore the better
pharmacological target treatment to reduce obesity-related
oxidative stress and its consequences.
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