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Introduction. There is controversial evidence on association of 
serum acid uric (SUA) with cardiometabolic risk factors and 
metabolic syndrome in adults. This study aimed to investigate the 
associations of SUA levels, components of metabolic syndrome, and 
other cardiometabolic risk factors, in a nationally representative 
sample of Iranian adolescents.
Materials and Methods. This study included 132 participants who 
met the criteria of metabolic syndrome and 235 participants without 
metabolic syndrome. The participants were grouped according to 
the tertiles of SUA. Metabolic syndrome was defined according to 
the Adult Treatment Panel III criteria modified for children and 
adolescents. The relationship between SUA and cardiometabolic 
risk factors and metabolic syndrome was assessed by multivariable 
logistic regression analysis.
Results. The mean age of the participants was 15.21 ± 2.35 years, 
with no significant difference between the boys and the girls. The 
participants whose SUA was categorized in the 2nd tertile and 
those falling into the 3rd tertile had significantly higher systolic 
blood pressure (P < .001) as compared with the lower tertile(s). A 
similar trend was documented for the overall high blood pressure. 
Metabolic syndrome was associated with the 2nd and 3rd tertiles 
of SUA as compared to the lower tertile(s), in the adjusted model 
(P < .001), with the risk increasing by at least 2 times.
Conclusions. Our study showed that those adolescents with 
metabolic syndrome had higher SUA levels. Its association with 
some components of metabolic syndrome supports that SUA might 
be an additional component of metabolic syndrome even during 
adolescence.
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INTRODUCTION
Metabolic syndrome is defined as a cluster of risk factors including 

anthropometric features and laboratory values, predisposing the individual 
to diabetes mellitus and increased risk for cardiovascular disease.1,2 The 
association between cardiometabolic risk factors and metabolic syndrome is 
well documented.3-5 These risk factors could persist into adulthood,6-10 and 

www.SID.ir


www.SID.ir

Arc
hive

 of
 S

ID

Uric Acid and Metabolic Syndrome—Safiri et al 

127Iranian Journal of Kidney Diseases | Volume 10 | Number 3 | May 2016

the American Heart Association advises for early 
preventive interventions against cardiovascular 
risk factors, starting in childhood.11 Metabolic 
syndrome among children and adolescents has 
been studied extensively, and an epidemic of child 
and adolescent obesity has been established.12-15 
Although the developing countries were once 
mainly concerned with malnutrition of children, 
rapid rise of obesity in their pediatric populations 
has changed the landscape.16 Iran has not been an 
exception, and nationwide studies on metabolic 
syndrome, cardiovascular risk factors and obesity 
among children and adolescents have been initiated 
in earnest since early 2000s.17 Ever since, trends 
and prevalence of these factors have been regularly 
studied and reported.18-21

An increased level of serum uric acid (SUA) 
has been proposed as a cardiovascular disease 
risk factor in adults22-24; such association has been 
also described in the pediatric populations.25-28 
Associations between SUA levels, components of 
metabolic syndrome, and the utility of SUA levels 
for predicting metabolic syndrome in adolescents 
had controversial results; while some studies 
have reported strong associations among these 
variables,29-31 others did not confirm an independent 
association based on multiple regression models. 
They suggested that this association might be 
gender-specific, limited to higher levels of SUA, 
and limited to a number of metabolic syndrome 
components32-35; yet some have argued, aptly, 
that with various confounders, physiologic roles 
of SUA, which in turn fits into an intricate web 
of feedbacks, and the inevitable limitations in our 
understanding of vascular physiology, the whole 
cycle remains to be determined.36 This ongoing 
debate prompted us to design this study in order 
to examine the associations of SUA levels with 
cardiometabolic risk factors and metabolic syndrome 
in a representative sample of Iranian adolescents.

MATERIALS AND METHODS
Study Design and Population

The present study was designed as a cross-
sectional study which was run on a national 
representative data of the 3rd round of the school-
based surveillance system entitled “Childhood and 
Adolescence Surveillance and Prevention of Adult 
Noncommunicable Disease (CASPIAN III)” study 
(2009-2010). The aim and details of methods of 

mentioned study has been described previously.37 
From a total of 5625 students, aged 10 to 18 

years, who were selected via multistage random 
cluster sampling method from urban and rural 
areas of 27 provinces in Iran, 132 participants 
meeting the criteria of metabolic syndrome and 
235 randomly selected ones without these criteria 
were categorized as the study and control groups, 
respectively. 

Ethics Considerations
Participation in the study was voluntary. The 

participants entered the survey after explaining the 
study objectives and protocols and obtaining oral 
consent from students and written consent from 
their parents. The Ethics Committee of Tehran and 
Isfahan University of Medical Sciences and other 
relevant national regulatory organizations (Ministry 
of Health and Ministry of Education) approved 
the study protocol. All of the questionnaires and 
information forms were completed anonymously.

Data Collection
In the data collection phase, all processes of 

examinations with calibrated instruments and 
recording of information in validated checklists 
were designed and conducted under the standard 
protocol by trained health care professional teams.38 
Via interview with parents or children, demographic 
information including family history of chronic 
diseases (hypertension, dyslipidemia, diabetes 
mellitus, and obesity), parental level of education 
(the highest total years of schooling), possessing 
a family private car and type of home, dietary 
behaviors, physical activity (PA), and sedentary 
lifestyle, was completed for all of the participants.

Clinical and Laboratory Measurements
Height and weight were measured, according 

to standardized protocols, without shoes and with 
light clothing to the nearest 0.1 unit of measure 
(cm for height and kg for weight). Body mass 
index (BMI) was calculated from weight and 
height (weight [kg] ⁄height squared [m2]).4,22 Waist 
circumference was measured over skin, midway 
between the lower border of the rib margin and 
the iliac crest at the end of normal expiration, to 
the nearest 0.1 cm. Both waist circumference and 
height were measured using a nonelastic tape. 
Abdominal obesity was defined as a waist-height 
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ratio greater than 0.5.39 

Systolic and diastolic blood pressure were 
measured on the right arm, with the individual in 
a sitting position and at rest for at least 5 minutes, 
using standardized mercury sphygmomanometers 
and appropriate size cuff. Two measurements at 
2-minute intervals were recorded, and the average 
was used for the statistical analysis.40 Hypertension 
was defined as systolic and/or diastolic blood 
pressure equal to or greater than the 95th percentile 
for age, sex, and height.41 

For each of the participants, a blood sample 
was drawn between 7:00 AM and 9:00 AM after 
12 to 14 hours overnight fasting. Blood samples 
were delivered to the laboratory on the same day. 
Fasting blood glucose, total cholesterol, triglyceride, 
high-density lipoprotein cholesterol (HDLC), and 
low-density lipoprotein cholesterol (LDLC) were 
measured enzymatically by auto-analyzers. The 
HDLC was determined after dextran sulfate-
magnesium chloride precipitation of non-HDLC.42 
The SUA was determined on a standard auto-
analyzer with Uricase and reagent (Parsazmun 
Co, Tehran, Iran). Tertiles of SUA levels were 
considered for analysis of association of SUA 
with cardiometaboloc risk factors and metabolic 
syndrome criteria. The ranges of SUA levels in 
tertiles 1, 2, and 3 were 1.76 mg/dL to 4.40 mg/
dL, 4.41 mg/dL to 6.03 mg/dL, and 6.04 mg/dL 
to 7.70 mg/dL, respectively.

Definitions
Cardiometabolic risk factors. According to 

the Adult Treatment Panel III criteria modified 
for children and adolescents, participants were 
classified as having metabolic syndrome if they 
had at least 3 of the 5 following criteria: abdominal 
obesity (waist-height ratio > 0.5), elevated blood 
pressure (either systolic or diastolic blood pressure 
≥ 90th percentile for age, sex, and height), low 
HDLC level (< 50 mg/dL except in boys 15 to 19 
years old for whom cutoff was < 45 mg/dL), high 
triglyceride level (≥ 100 mg/dL), and high fasting 
blood glucose (≥ 100 mg/dL). General obesity, high 
LDLC, and high total cholesterol were considered 
as other important cardiometabolic risk factors. 
General obesity and overweight were considered 
as a BMI greater than the 95th percentile and 
between the 85th and the 95th percentile for age 
and sex, respectively. According to the American 

Heart Association, high LDLC and total cholesterol 
were defined as greater than 110 mg/dL and 200 
mg/dL or gretaer, respectively.43

Socioeconomic status. Variables including 
parental education, parents’ job, possessing private 
car, school type (public versus private), and having 
personal computer at home were summarized in 1 
main component. This component explained 72.0% 
of variance. This main component was categorized 
into tertiles. The 1st tertile was defined as a low 
socioeconomic status (SES), 2nd tertile as an 
intermediate, and 3rd tertile as a high.

Screen Time. To assess the screen time (ST) 
behaviors, the average number of hours per day 
that participants spent watching TV/VCDs, personal 
computer, or electronic games was asked. The 
total cumulative spent time for ST was estimated. 
Information was recorded separately for weekdays 
and weekends. Analyzing correlates of ST, according 
to the international ST recommendations, ST was 
categorized into 2 groups of less than 2 hours per 
day (low) and 2 hours per day or more (high).44,45 

Physical  Act ivi ty .  Through a  val idated 
questionnaire, information of the past week weekly 
frequency of leisure time PA outside the school 
was collected.46 At least 30 minutes duration of 
exercises per day, that caused heavy sweating 
or large increases in breathing or heart rate, was 
defined as PA. The response options were as 
follow: none, 1 to 2 days, 3 to 6 days, and every 
day. For statistical analysis, each weekly frequency 
was categorized into 2 groups of up to 3 days per 
week (low) and 4 to 7 days (high).47 

Statistical Analyses
Continuous and categorical variables are 

expressed as mean ± standard deviation and number 
(percentage), respectively. The Kolmogorov-
Smirnov test was used to examine the normality of 
continuous variables. Continuous and categorical 
variables were compared between sexes by the t 
test and the chi-square test, respectively. 

The mean of cardiometabolic risk factors across 
tertiles of SUA was compared by the 1-way analysis 
of variance test. Logistic regression analysis was 
used to examine the association of cardiometabolic 
risk factors and SUA. The aim of those analyses 
were to run 3 models: model 1, crude model 
(without adjustment); model 2, adjusted for age, 
living area, sex, PA, ST, and SES; and model 3, 
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additionally adjusted for BMI in all abnormality 
except obesity and overweight. P values less than 
.05 were considered significant. All statistical 
analyses were carried out using the SPSS software 
(Statistical Package for the Social Sciences, version 
13.0, SPSS Inc, Chicago, IL, USA).

RESULTS
The study participants consisted of 367 students 

with a mean age of 15.21 ± 2.35 years, with no 
significant difference between the boys and the 
girls (15.03 ± 2.34 years versus 15.30 ± 2.37 years, 
respectively). The majority of the participants 
(73.3%) were from urban areas. Characteristics 
of the participants are shown in Table 1; blood 
pressure was significantly lower in the boys. The 
girls had a significantly higher PA, but were more 
likely to have a high fasting blood glucose level. 

Characteristic Total Boy Girl P
Mean age, y 15.21 ± 2.35 15.03 ± 2.34 15.30 ± 2.37 .38
Living area

Urban 264 (73.3) 109 (73.6) 155 (73.1) .91
Rural 96 (26.7) 39 (26.4) 57 (26.9) .91

Serum uric acid† 5.27 (2.45) 5.59 (2.51) 5.07 (2.42) .20
Mean height, cm 157.41 ± 13.86 153.68 ± 10.30 160.01 ± 15.37 < .001
Mean weight, kg 53.77 ± 18.63 50.15 ± 13.74 56.36 ± 21.05 .001
Mean waist circumference, cm 74.27 ± 13.44 71.63 ± 11.03 76.12 ± 14.64 .001
Mean waist-height ratio 0.47 ± 0.07 0.46 ± 0.06 0.47 ± 0.07 .35
Mean body mass index, kg/m2 21.29 ± 4.98 20.98 ± 4.65 21.52 ± 5.20 .29
Mean systolic blood pressure, mm Hg 107.83 ± 16.90 104.77 ± 17.45 109.91 ± 16.23 .004
Mean diastolic blood pressure, mm Hg 68.32 ± 11.52 66.75 ± 10.79 70.08 ± 11.681 < .001
Mean fasting blood glucose, mg/dL 87.95 ± 13.24 86.42 ± 12.62 89.01 ± 13.58 .07
Mean serum triglyceride, mg/dL 113.26 ± 65.73 113.25 ± 63.18 113.26 ± 67.59 .99
Mean high-density lipoprotein, mg/dL 42.58 ± 12.89 44.18 ± 12.67 42.06 ± 12.93 .12
Mean low-density lipoprotein, mg/dL 83.03 ± 26.15 83.291 ± 26.23 82.86 ± 26.17 .88
Mean total cholesterol, mg/dL 148.68 ± 32.97 150.30 ± 31.40 147.55 ± 34.06 .43
Physical activity

Low 183 (58.3) 92 (66.7) 91 (51.7)
Medium 88 (28.0) 27 (19.6) 61 (34.7)
High 43 (13.7) 19 (13.8) 24 (13.6) .01

Screen time
Low 71 (22.0) 30 (21.9) 41 (22.2)
High 251 (78.0) 107 (78.1) 144 (77.8) .95

Abdominal obesity 138 (37.6) 55 (36.4) 83 (38.4) .69
High systolic blood pressure 47 (13.0) 15 (10.3) 32 (14.8) .20
High diastolic blood pressure 331 (90.9) 141 (95.3) 190 (88.0) .17
High blood pressure 65 (18.0) 20 (13.7) 45 (20.8) .08
High fasting blood glucose 76 (20.8) 20 (13.3) 56 (25.9) .003
High serum triglyceride 91 (24.8) 35 (23.2) 56 (25.9) .54
High total cholesterol 28 (7.7) 12 (8.0) 16 (7.4) .84
High low-density lipoprotein 19 (6.0) 8 (6.3) 11 (5.9) .87
Low high-density lipoprotein
Metabolic syndrome 132 (36) 50 (33.1) 82 (32.8) .34
Number of metabolic syndrome  components

1 97 (25.4) 33 (21.9) 64 (29.6)
2 14 (3.8) 2 (1.3) 12 (5.6)
3 111 (30.2) 46 (30.5) 65 (30.1)
4 21 (5.7) 4 (2.6) 17 (7.9) .003

Obesity 68 (18.7) 26 (17.2) 42 (19.7) .55
Overweight 45 (12.4) 14 (9.3) 31 (14.6) .13

Table 1. Characteristics of the Participants By Sex*

*Values are mean standard deviation or count (percentage), except for serum uric acid.
†Values are median (interquartile range).
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The prevalence of metabolic syndrome was not 
significantly different, while the girls tended to 
have more metabolic syndrome components than 
the boys.

Except for systolic blood pressure, which 
followed an ascending significant trend along with 
the ascending tertiles of SUA, there was not any 
significant difference between the mean values of 
cardiometabolic risk factors and SUA (Table 2). In 
a similar way, except for the higher frequency of 
high blood pressure associated with the SUA tertiles, 
there was not any significant differences between 
prevalence rates of cardiometabolic risk factors 

and SUA. There were no significant differences 
in the number of metabolic syndrome components 
between tertiles of SUA, either (Table 3).

Table 4 shows the association of cardiometabolic 
risk factors and SUA in the logistic regression 
analysis. The odds of a high systolic blood pressure 
were more than 2 times in the participants whose 
SUA was categorized in the 2nd tertile compared 
with their counterparts in 1st tertile (P < .001). 
Adolescents in the 3rd tertile of SUA, compared 
with the two other tertiles, were more likely to 
have high systolic blood pressure across all the 
three models (P < .001). For high diastolic blood 

Serum Uric Acid*
Parameter Tertile 1 Tertile 2 Tertile 3 P

Mean weight, kg 52.39 ± 15.91 56.03 ± 21.8 52.88 ± 17.49 .83
Mean height, cm 157.07 ± 12.79 159.08 ± 14.7 156.05 ± 13.92 .56
Mean waist circumference, cm 73.84 ± 12.15 75.40 ± 15.20 73.57 ± 12.79 .87
Mean body mass index, kg/m2 20.87 ± 4.47 21.69 ± 5.77 21.32 ± 4.59 .49
Mean waist-height ratio 0.46 ± 0.07 0.47 ± 0.07 0.47 ± 0.06 .67
Mean systolic blood pressure, mm Hg 105.91 ± 13.33 107.43 ± 16.08 110.21 ± 20.45 .04
Mean diastolic blood pressure, mm Hg 66.79 ± 10.31 68.88 ± 12.07 69.28 ± 11.99 .09
Mean fasting blood glucose, mg/dL 86.99 ± 13.81 88.53 ± 14.07 88.31 ± 11.77 .43
Mean serum triglyceride, mg/dL 111.00 ± 66.13 109.97 ± 66.05 118.83 ± 65.17 .35
Mean high-density lipoprotein, mg/dL 45.07 ± 14.34 41.72 ± 11.72 42.02 ± 12.18 .06
Mean low-density lipoprotein, mg/dL 80.01 ± 26.90 85.26 ± 26.61 84.03 ± 24.86 .25
Mean total cholesterol, mg/dL 145.44 ± 31.81 149.04 ± 34.85 151.55 ± 32.14 .15

*The ranges of serum uric acid levels are 1.76 mg/dL to 4.40 mg/dL for tertile 1, 4.41 mg/dL to 6.03 mg/dL for tertile 2, and 6.04 mg/dL to 7.70 
mg/dL for tertile 3.

Table 2. Mean Values for Cardiometabolic Risk Factors By Tertiles of Serum Uric Acid

Serum Uric Acid†

Parameter Tertile 1 Tertile 2 Tertile 3 P
Abdominal obesity 42 (34.4) 47 (38.2) 49 (40.2) .64
High systolic blood pressure 7 (5.8) 19 (15.6) 21 (17.6) .01
High diastolic blood pressure 5 (4.1) 15 (12.3) 13 (10.7) .06
High blood pressure 9 (7.4) 26 (21.3) 30 (25.2) <.001
High fasting blood glucose 21 (17.4) 26 (21.1) 29 (23.8) .46
High serum triglyceride 28 (23.0) 28 (22.8) 35 (28.7) .47
High total cholesterol 7 (5.8) 10 (8.1) 11 (9.1) .61
High low-density lipoprotein 7 (6.4) 6 (5.9) 6 (5.7) .97
Low high-density lipoprotein 47 (38.5) 62 (50.4) 64 (52.5) .06
Metabolic syndrome 32 (26.2) 46 (37.4) 54 (44.3) .12
Number of metabolic syndrome  components

1 36 (29.5) 32 (26.0) 29 (23.8) .36
2 5 (4.1) 5 (4.1) 4 (3.3) .36
3 27 (22.1) 38 (30.9) 46 (37.7) .36
4 5 (4.1) 8 (6.5) 8 (6.6) .36

Obesity 21 (17.4) 30 (24.6) 17 (14.0) .09
Overweight 12 (9.9) 12 (9.8) 21 (17.4) .12

Table 3. Prevalence of Cardiometabolic Risk Factors By Tertiles of Serum Uric Acid*

*Values are count (percentage).
†The ranges of serum uric acid levels are 1.76 mg/dL to 4.40 mg/dL for tertile 1, 4.41 mg/dL to 6.03 mg/dL for tertile 2, and 6.04 mg/dL to 7.70 
mg/dL for tertile 3.
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pressure, this trend was only detected in the crude 
modeling of 2nd tertile. The overall high blood 
pressure was significantly associated with SUA 

in all models (P < 0.001).
A low HDLC was associated with falling into 

the 3rd tertile of the SUA with no adjustment for 

Serum Uric Acid†

Parameter Tertile 1 Tertile 2 Tertile 3
Abdominal obesity

Model 1 1.00 (referent) 1.17 (0.69 to 1.98) 1.27 (0.76 to 2.15)
Model 2 1.00 (referent) 1.29 (0.69 to 2.41) 0.97 (0.52 to 1.83)
Model 3 1.00 (referent) 0.86 (0.35 to 2.08) 0.80 (0.36 to 1.77)

High systolic blood pressure
Model 1 1.00 (referent) 3.00 (1.21 to7.43) 3.49 (1.42 -8.55)
Model 2 1.00 (referent) 3.20 (1.14 to8.93) 3.71 (1.33-10.35)
Model 3 1.00 (referent) 2.54 (0.87 to 7.45) 4.03 (1.41-11.54)

High diastolic blood pressure
Model 1 1.00 (referent) 3.25 (1.14 to9.25) 2.79 (0.96 to 8.09)
Model 2 1.00 (referent) 2.60 (0.78 to 8.64) 3.12 (0.94to10.35)
Model 3 1.00 (referent) 1.98 (0.57 to 6.87) 3.18 (0.94to10.73)

High blood pressure
Model 1 1.00 (referent) 3.37 (1.50 to 7.54) 4.19 (1.89 to 9.29)
Model 2 1.00 (referent) 3.45 (1.35 to8.78) 5.29 (2.10-15.32)
Model 3 1.00 (referent) 2.81 (1.06to 7.45) 5.61 (2.17-14.45)

High triglyceride
Model 1 1.00 (referent) 0.98 (0.54 to 1.79) 1.35 (0.75 to 2.40)
Model 2 1.00 (referent) 1.22 (0.61 to 2.44) 1.12 (0.56 to 2.26)
Model 3 1.00 (referent) 0.91 (0.43 to 1.94) 1.12 (0.54 to 2.35)

Low high-density lipoprotein
Model 1 1.00 (referent) 1.62 (0.97 to 2.69) 1.76 (1.05to 2.93)
Model 2 1.00 (referent) 2.15 (1.12 to4.12) 1.71 (0.90 to 3.26)
Model 3 1.00 (referent) 2.08 (1.08 to4.01) 1.71 (0.90 to 3.26)

High fasting blood glucose
Model 1 1.00 (referent) 1.27 (0.67-2.42) 1.48 (0.79-2.74)
Model 2 1.00 (referent) 1.50 (0.72-3.26) 1.75 (0.82-3.76)
Model 3 1.00 (referent) 1.47 (0.68-3.16) 1.76 (0.82-3.78)

Having metabolic syndrome 
Model 1 1.00 (referent) 1.68 (0.97-2.89) 2.23 (1.30-3.82)
Model 2 1.00 (referent) 2.20 (1.11-4.36) 2.22 (1.11-4.42)
Model 3 1.00 (referent) 1.79 (0.77 to 4.16) 2.75 (1.23-6.17)

High low-density lipoprotein
Model 1 1.00 (referent) 0.92 (0.29 to 2.83) 0.88 (0.28 to 2.72)
Model 2 1.00 (referent) 1.71 (0.46 to 6.33) 0.44 (0.07 to 2.57)
Model 3 1.00 (referent) 1.96 (0.51 to 7.43) 0.42 (0.07 to 2.46)

High total cholesterol
Model 1 1.00 (referent) 1.44 (0.53 to 3.91) 1.62 (0.60 to 4.35)
Model 2 1.00 (referent) 2.13 (0.66 to 6.82) 1.38 (0.41 to 4.65)
Model 3 1.00 (referent) 1.80 (0.54 to 5.98) 1.42 (0.42 to 4.80)

Overweight
Model 1 1.00 (referent) 0.99 (0.42 to 2.30) 1.90 (0.89 to 4.07)
Model 2 1.00 (referent) 0.86 (0.35 to 2.13) 1.73 (0.75 to 3.98)

Obesity
Model 1 1.00 (referent) 1.55 (0.83 to 2.90) 0.77 (0.38 to 1.56)
Model 2 1.00 (referent) 1.93 (0.93 to 3.99) 0.62 (0.27 to 1.45)

Table 4. Association of Cardiometabolic Risk Factors and Serum Uric Acid in Logistic Regression Analysis*

*Model 1 was without adjustment; model 2, adjusted for age, living area, sex, physical activity, screen time, and socioeconomic status; and model 
3, additionally adjusted for body mass index in all abnormalities except for obesity and overweight.
†The ranges of serum uric acid levels are 1.76 mg/dL to 4.40 mg/dL for tertile 1, 4.41 mg/dL to 6.03 mg/dL for tertile 2, and 6.04 mg/dL to 7.70 
mg/dL for tertile 3.
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other factors. This trend was seen for participants 
falling into the 2nd tertile only with the adjusted 
models (Table 4).

The prevalence of metabolic syndrome in the 
adjusted model for age, living area, sex, PA, ST, 
and SES was associated with the 2nd tertile of 
SUA (P < .001). This increasing pattern followed 
in all of models for the 3rd tertile members as 
compared with all the two other tertiles, with the 
risk increasing by at least 2 times (Table 4).

DISCUSSION
This study found that adolescents with metabolic 

syndrome had higher SUA levels, and SUA had 
significant associations with some components 
of metabolic syndrome. Participants whose SUA 
was categorized in 2nd tertile and adolescents 
in the 3rd tertile compared with lower tertiles, 
had significantly higher systolic blood pressure. 
Moreover, raised levels of SUA were associated 
with elevated blood pressure. Using tertiles of SUA 
levels, a difference was observed in the mean of 
participants’ systolic blood pressure; this finding 
is consistent with some previous studies which 
used tertiles, quartiles, or quintiles to categorize 
adolescents based on their SUA levels.26, 32, 35, 48 

After dichotomizing various variables, the same 
association was still observable. Considering that 
increased estimated glomerular filtration rate is 
clustered with other metabolic syndrome risk 
factors,49 and elevated blood pressure would lead 
to increased filtration of SUA in the kidney, these 
findings should be weighed cautiously against 
each other.

In our regression model, high systolic blood 
pressure meant 2- to 3-fold increases in odds of 
having a higher SUA level in the crude model, and 
the models adjusted for more covariates actually 
increased the odds, even further. Having elevated 
blood pressure also led to significant results, with 
increased odds of falling into higher tertiles of SUA 
levels for participants with elevated blood pressure; 
the odds increased further when the base model 
was adjusted for additional confounding factors.

Low serum HDLC levels, which had missed the 
marked narrowly when comparing the means of 
tertiles, increased the odds of having somewhat 
higher SUA levels; that is, being in the second 
tertile was more likely to be associated with low 
serum HDLC levels, as compared to being in the 

1st tertile. This finding was not seen among those 
in the 3rd tertile. Having metabolic syndrome 
increased the odds of being in the upper tertile of 
SUA levels, as well. Both of these findings were 
corroborated by previous studies; Cardoso and 
colleagues35 linked metabolic syndrome and SUA 
levels through insulin resistance; while glycemia 
was not different among quartiles of SUA levels, 
homeostasis model assessment of insulin resistance 
varied significantly among quartiles. Wang and 
coworkers29 reported increased odds of having 
some of the metabolic syndrome components 
including low serum HDLC levels and elevated 
blood pressure, but that finding was almost limited 
to those in the highest quartile of SUA levels.

We used fasting blood glucose levels and other 
anthropometric measurements to determine insulin 
resistance, and did not find differences among 
tertiles of SUA levels, but since oxidative stress 
had not been evaluated in our study, we must be 
cautious in attributing the association between 
metabolic syndrome and SUA levels to serum HDLC 
levels. Others have suggested that dyslipidemia 
and subsequent increased free fatty acids could 
cause increased lipid peroxidation and an oxidative 
stress (prompting increased SUA levels),35 or that 
influx of fatty acids into blood stream would 
directly increase purine synthesis (and hence SUA 
production) through pentose phosphate shunt36,50; 
although dyslipidemia in general was associated 
with increased odds of having higher SUA levels, 
that phenomenon was a result of low serum 
HDLC levels, not increased LDL or VLDL levels. 
A study which was focused on lipid profile and 
SUA levels did not find independent associations 
among the two in regression models,32 although 
different lipid serum levels and SUA levels were 
correlated.

The nature of our study design did not permit 
inferring causality. One possible explanation for 
observed association of high SUA levels with 
low serum HDLC levels in the absence of any 
associations with serum triglyceride or LDL 
levels could be that higher SUA levels are a cause 
for metabolic syndrome. Adjusting the data for 
glomerular filtration rate could improve our 
regression models further. This population-based 
cross-sectional study was extracted from a large 
representative population-based survey which 
could improve generalizability of results. 
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CONCLUSIONS
This study suggests that adolescents with 

metabolic syndrome had higher levels of SUA; 
moreover, some components of metabolic syndrome 
were associated with higher levels of SUA. This 
association was independent of sex, BMI, or 
age. Further longitudinal studies are necessary 
to investigate the causal relation between SUA 
levels, metabolic syndrome components, and 
cardiometabolic risk factors, as well as their clinical 
implications.

CONFLICT OF INTEREST
None declared.

REFERENCES
1. Ford ES. Risks for all-cause mortality, cardiovascular 

disease, and diabetes associated with the metabolic 
syndrome: a summary of the evidence. Diabetes Care. 
2005;28:1769-78.

2. Wilson PW, D’Agostino RB, Parise H, Sullivan L, Meigs 
JB. MetS as a precursor of cardiovascular disease and 
type 2 diabetes mellitus. Circulation. 2005;112:3066-72.

3. Sagun G, Kantarci G, Mesci B, et al. Frequency of 
cardiovascular risk factors and MetS in patients with 
chronic kidney disease. Clin Med Res. 2010;8:135-41.

4. Pankow JS, Jacobs DR, Jr., Steinberger J, Moran 
A, Sinaiko AR. Insulin resistance and cardiovascular 
disease risk factors in children of parents with the 
insulin resistance (metabolic) syndrome. Diabetes Care. 
2004;27:775-80.

5. Knowles KM, Paiva LL, Sanchez SE, et al. Waist 
Circumference, Body Mass Index, and Other Measures 
of Adiposity in Predicting Cardiovascular Disease 
Risk Factors among Peruvian Adults. Int J Hypertens. 
2011;2011:931402.

6. Duncan GE, Li SM, Zhou XH. Prevalence and trends of 
a MetS phenotype among u.s. Adolescents, 1999-2000. 
Diabetes Care. 2004;27:2438-43.

7. Gunnell DJ, Frankel SJ, Nanchahal K, Peters TJ, Davey 
Smith G. Childhood obesity and adult cardiovascular 
mortality: a 57-y follow-up study based on the Boyd Orr 
cohort. Am J Clin Nutr. 1998;67:1111-8.

8. Serdula MK, Ivery D, Coates RJ, Freedman DS, 
Williamson DF, Byers T. Do obese children become obese 
adults? A review of the literature. Prev Med. 1993;22:167-
77.

9. Dietz WH. Childhood weight affects adult morbidity and 
mortality. J Nutr. 1998;128:411S-4S.

10. Dietz WH. Health consequences of obesity in youth: 
childhood predictors of adult disease. Pediatrics. 
1998;101:518-25.

11. Weintraub WS, Daniels SR, Burke LE, et al. Value of 
primordial and primary prevention for cardiovascular 
disease: a policy statement from the American Heart 
Association. Circulation. 2011;124:967-90.

12. Molnar D. The prevalence of the MetS and type 2 diabetes 
mellitus in children and adolescents. Int J Obes Relat 
Metab Disord. 2004;28 Suppl 3:S70-4.

13. Weiss R, Dziura J, Burgert TS, et al. Obesity and 
the MetS in children and adolescents. N Engl J Med. 
2004;350:2362-74.

14. Cruz ML, Goran MI. The MetS in children and 
adolescents. Curr Diab Rep. 2004;4:53-62.

15. Eisenmann JC. Secular trends in variables associated 
with the MetS of North American children and 
adolescents: a review and synthesis. Am J Hum Biol. 
2003;15:786-94.

16. Kelishadi R. Childhood overweight, obesity, and the MetS 
in developing countries. Epidemiol Rev. 2007;29:62-76.

17. Kelishadi R, Ardalan G, Gheiratmand R, Adeli K, Delavari 
A, Majdzadeh R. Paediatric MetS and associated 
anthropometric indices: the CASPIAN Study. Acta 
Paediatr. 2006;95:1625-34.

18. Kelishadi R, Motlagh ME, Roomizadeh P, et al. First report 
on path analysis for cardiometabolic components in a 
nationally representative sample of pediatric population in 
the Middle East and North Africa (MENA): the CASPIAN-
III Study. Ann Nutr Metab. 2013;62:257-65.

19. Kelishadi R, Hovsepian S, Qorbani M, et al. National 
and sub-national prevalence, trend, and burden of 
cardiometabolic risk factors in Iranian children and 
adolescents, 1990 - 2013. Arch Iran Med. 2014;17:71-80.

20. Khashayar P, Heshmat R, Qorbani M, et al. MetS and 
Cardiovascular Risk Factors in a National Sample of 
Adolescent Population in the Middle East and North 
Africa: The CASPIAN III Study. Int J Endocrinol. 
2013;2013:702095.

21. Kelishadi R, Gheiratmand R, Ardalan G, et al. Association 
of anthropometric indices with cardiovascular disease risk 
factors among children and adolescents: CASPIAN Study. 
Int J Cardiol. 2007;117:340-8.

22. Fang J, Alderman MH. SUAand cardiovascular mortality 
the NHANES I epidemiologic follow-up study, 1971-1992. 
National Health and Nutrition Examination Survey. JAMA. 
2000;283:2404-10.

23. Niskanen LK, Laaksonen DE, Nyyssonen K, et al. SUA 
level as a risk factor for cardiovascular and all-cause 
mortality in middle-aged men: a prospective cohort study. 
Arch Intern Med. 2004;164:1546-51.

24. Iwashima Y, Horio T, Kamide K, Rakugi H, Ogihara T, 
Kawano Y.SUA, left ventricular mass index, and risk 
of cardiovascular disease in essential hypertension. 
Hypertension. 2006;47:195-202.

25. Goncalves JP, Ramos E, Severo M, et al. SUAand 
cardiovascular risk among Portuguese adolescents. J 
Adolesc Health. 2015;56:376-81.

26. Loeffler LF, Navas-Acien A, Brady TM, Miller ER, 3rd, 
Fadrowski JJ.SUA level and elevated blood pressure 
in US adolescents: National Health and Nutrition 
Examination Survey, 1999-2006. Hypertension. 
2012;59:811-7.

27. Pan S, He CH, Ma YT, et al. SUAlevels are associated 
with high blood pressure in Chinese children and 
adolescents aged 10-15 years. J Hypertens. 2014;32:998-
1003.

www.SID.ir


www.SID.ir

Arc
hive

 of
 S

ID

Uric Acid and Metabolic Syndrome—Safiri et al 

134 Iranian Journal of Kidney Diseases | Volume 10 | Number 3 | May 2016

28. Shatat IF, Abdallah RT, Sas DJ, Hailpern SM. SUAin U.S. 
adolescents: distribution and relationship to demographic 
characteristics and cardiovascular risk factors. Pediatr 
Res. 2012;72:95-100.

29. Wang JY, Chen YL, Hsu CH, Tang SH, Wu CZ, Pei D. 
Predictive value of SUAlevels for the diagnosis of MetS in 
adolescents. J Pediatr. 2012;161:753-6 e2.

30. Pacifico L, Cantisani V, Anania C, et al. SUAand its 
association with MetS and carotid atherosclerosis in 
obese children. Eur J Endocrinol. 2009;160:45-52.

31. Ford ES, Li C, Cook S, Choi HK. Serum concentrations 
ofSUA and the MetS among US children and adolescents. 
Circulation. 2007;115:2526-32.

32. Stelmach MJ, Wasilewska N, Wicklund-Liland LI, 
Wasilewska A. Blood lipid profile and BMI-Z-score 
in adolescents with hyperuricemia. Ir J Med Sci. 
2015;184:463-8.

33. Krzystek-Korpacka M, Patryn E, Kustrzeba-Wojcicka I, 
Chrzanowska J, Gamian A, Noczynska A. Gender-specific 
association of SUAwith MetS and its components in 
juvenile obesity. Clin Chem Lab Med. 2011;49:129-36.

34. Kong AP, Choi KC, Ho CS, et al. Associations ofSUA 
and gamma-glutamyltransferase (GGT) with obesity and 
components of MetS in children and adolescents. Pediatr 
Obes. 2013;8:351-7.

35. Cardoso AS, Gonzaga NC, Medeiros CC, Carvalho DF. 
Association ofSUA levels with components of MetS and 
non-alcoholic fatty liver disease in overweight or obese 
children and adolescents. J Pediatr (Rio J). 2013;89:412-
8.

36. Santos RD. ElevatedSUA, the MetS and cardiovascular 
disease: cause, consequence, or just a not so innocent 
bystander? Endocrine. 2012;41:350-2.

37. Kelishadi R, Heshmat R, Motlagh ME, et al. Methodology 
and Early Findings of the Third Survey of CASPIAN Study: 
A National School-based Surveillance of Students’ High 
Risk Behaviors. Int J Prev Med. 2012;3:394-401.

38. Group WMGRS. WHO Child Growth Standards based 
on length/height, weight and age. Acta Paediatrica (Oslo, 
Norway: 1992) Supplement. 2006;450:76.

39. Kelishadi R, Heshmat R, Motlagh ME, et al. Methodology 
and early findings of the third survey of CASPIAN study: 
A national school-based surveillance of students’ high risk 
behaviors. Int J Prev Med. 2012;3:394.

40. Adolescents NHBPEPWGoHBPiCa. The fourth report 
on the diagnosis, evaluation, and treatment of high 
blood pressure in children and adolescents. Pediatrics. 
2004;114:555-76

41. Falkner B. Hypertension in children and adolescents: 
epidemiology and natural history. Pediatr Nephrol. 
2010;25:1219-24.

42. McNamara J, Schaefer E. Automated enzymatic 
standardized lipid analyses for plasma and lipoprotein 
fractions. Clin Chim Acta. 1987;166:1-8.

43. Grundy SM, Bilheimer D, Chait A, et al. Summary of 
the second report of the National Cholesterol Education 
Program (NCEP) Expert Panel on detection, evaluation, 
and treatment of high blood cholesterol in adults (Adult 
Treatment Panel II). JAMA. 1993;269:3015-23.

44. Salmon J, Campbell K, Crawford D. Television viewing 
habits associated with obesity risk factors: a survey 
of Melbourne schoolchildren. Medical J Australia. 
2006;184:64.

45. Pediatrics AA. American Academy of Pediatrics: Children, 
adolescents, and television. Pediatrics. 2001;107:423.

46. Kelishadi R, Majdzadeh R, Motlagh M-E, et al. 
Development and evaluation of a questionnaire for 
assessment of determinants of weight disorders among 
children and adolescents: The Caspian-IV study. Int J 
Prev Med. 2012;3:699.

47. Emamian M, Zeraati H, Majdzadeh R, et al. Economic 
inequality in presenting near vision acuity in a middle-
aged population: a Blinder-Oaxaca decomposition. Brit J 
Ophthalmol. 2013;97:1100.

48. Feig DI. SUA and hypertension in adolescents. Semin 
Nephrol. 2005;25:32-8.

49. Koulouridis E, Georgalidis K, Kostimpa I, Koulouridis I, 
Krokida A, Houliara D. MetS risk factors and estimated 
glomerular filtration rate among children and adolescents. 
Pediatr Nephrol. 2010;25:491-8.

50. Fabregat I, Revilla E, Machado A. Short-term control 
of the pentose phosphate cycle by insulin could be 
modulated by the NADPH/NADP ratio in rat adipocytes 
and hepatocytes. Biochem Biophys Res Commun. 
1987;146:920-5.

Correspondence to: 
Mostafa Qorbani and Roya Kelishadi
School of Medicine, Alborz University of Medical Sciences, 
Baghestan Blvd, 31485/56, Karaj, Iran
Research Institute for Primordial Prevention of 
Noncommunicable Disease, Isfahan University of Medical 
Sciences, Hezar-Jarib Ave, Isfahan, Iran
E-mail: mqorbani1379@yahoo.com, kelishadi@med.mui.ac.ir

Received September 2015
Revised November 2015
Accepted December 2015

www.SID.ir


 

 

https://sid.ir/1791
https://sid.ir/1792
https://sid.ir/1793
https://sid.ir/1795
https://sid.ir/1794
https://sid.ir/1796
https://sid.ir/1702
https://sid.ir/1700
https://sid.ir/1699
https://sid.ir/1698
https://sid.ir/1787

