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Is uric acid an indicator of metabolic syndrome
in the first-degree relatives of patients with type 2

diabetes?
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INTRODUCTION

Metabolic syndrome is a cluster of interrelated conditions
characterized by dyslipidemia, hyperglycemia, high
blood pressure and abdominal obesity."! Some studies
have reported that metabolic syndrome and its
components are associated with serum uric acid
levels.** Increased serum uric acid levels are commonly
correlated with glucose intolerance, hypertension and
dyslipidemia.?”#Itis associated with smaller low- density
lipoprotein-cholesterol (LDL-cholesterol) and high-
density lipoprotein-cholesterol (HDL- cholesterol)
particles®” and insulin resistance.'”'l In a recent study,
the association between elevated serum uric acid and
high circulating inflammatory cytokines has been
reported.The studies suggest that high serum uricacid
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triggers sterile inflammation!"” and may indicate an early
sign of atherosclerosis in asymptomatic individuals.’)
Furthermore, the metabolic syndrome increases the risk
of cardiovascular disease and type 2 diabetes mellitus
and is associated with insulin resistance.>'¥ However,
the uric acid and metabolic syndrome may have
some correlation. Almost all of the previous studies
have examined the relation between uric acid and the
component of metabolic syndrome in general population.
However, at our best knowledge, no published data
has been found about this relation in the first-degree
relatives of type 2 diabetes mellitus (T2DM) patients.
The first-degree relatives of T2DM patients are at risk for
developing metabolic disturbances and type 2 diabetes
mellitus™'”! and they are a target group to identify
factors that increased their metabolic disturbances. In this
study, we investigated the relation between uric acid and
components of metabolic syndrome in the first-degree
relatives of type 2 diabetic patients.

MATERIALS AND METHODS

This cross-sectional study was performed at the Isfahan
Endocrine and Metabolism Research Center, from 2007
to 2011. Our sample contained 700 people who were
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the first-degree relatives of type 2 diabetic patients, aged
30-69 years, selected by recruitment methods in Isfahan
Diabetes Prevention Program Study, an ongoing cohort
study in central Iran. Before conducting the analysis, we
excluded the participants with history of gout and creatinine
more than 1.2 mg/dL (n = 6) and finally 694 participants
(182 males and 512 females) were enrolled.

The study was approved by Isfahan Endocrine and
Metabolism Research Center, Isfahan University of
Medical Sciences Medical Ethics Committee (approval
number is 90009). The tenets of Declaration of Helsinki
were followed. An informed consent was signed by each
participant.

Height and weight were measured using Seca stadiometer,
while persons were without shoes and in light clothes.!"!
Weight was rounded to the nearest 0.1 kg scale. Waist
circumference was measured midway between the lower
rib margin and the iliac crest using a standard tape meter.!"®!
Body mass index (BMI) was calculated by body weight
(kg)/height (m?).1"¥] Resting blood pressure was measured
while people were seated for 5 minutes by using a calibrated
mercury sphygmomanometer (Rester, Germany) with
standard techniques.”)

In all participants, fasting plasma glucose, total cholesterol,
HDL-cholesterol, triglyceride and uric acid concentrations
were assessed. LDL-cholesterol was calculated using
Friedewald formula when total triglyceride was less than
400 mg/dL.* Plasma glucose was measured by GOD-PAP
method. Total cholesterol and HDL-cholesterol were
measured by CHOD-PAP and triglyceride was done by
GPO-PAP method. Uric acid was measured enzymatically
by TOOS method using Biotecnica BT-3000 Plus Chemistry
analyzer, Italy.

According to the NCEP (ATP III), modified for pre-diabetes
(fasting plasma glucose >100 mg/dL), metabolic syndrome
was identified when three of the five following criteria were
present, abdominal obesity defined as waist circumference
>102 cm in men and 88 cm in women; fasting glucose
2100 mg/dL; HDL-cholesterol <40 mg/dL in men and
<50 mg/dL in women; triglycerides >150 mg/dL; systolic
blood pressure > 130 mm Hg or diastolic blood pressure
>85 mm Hg.!"

Normality of data distribution was assessed with the
histogram. All the variables had normal distributions, but
the triglyceride. The data were presented as mean and SD
(standard deviation) or median and quartiles (the 1 quartile,
the 3™ quartile) for triglyceride. The means were compared
with Student t-test and ANOVA test. The prevalence of
metabolic syndrome was determined in males and females,
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according to the different quartiles of serum uric acid
levels. This prevalence was compared with Chi-square
test. Correlations between the uric acid and other variables
were assessed by using Spearman correlation coefficient test
for triglyceride and Pearson correlation coefficient test for
other variables. The significance of uric acid for predicting
metabolic syndrome was estimated by using age-adjusted
univariate and multivariate logistic regression. We designed
eight models using metabolic syndrome as dependent
variables. One model was designed for univariate logistic
regression analysis using uric acid alone as independent
variable; six models for uric acid and each component of
metabolic syndrome and the last model for uric acid and all
the components of metabolic syndrome. The results were
described as odds ratios (ORs) with 95% confidence intervals
(CI95%). All the analyses were performed in both men and
women. Statistical analysis was done with SPSS software
version 13 for Windows (SPSS, Chicago, IL), and P < 0.05
was considered to be statistically significant.

RESULTS

The characteristics of studied people are shown in Table 1.
They were the first-degree relatives of type 2 diabetic
patients, included 182 men aged 44.4 + 6.7 years and 512
women aged 43.7 + 5.9 years. Weight, waist circumference,
triglyceride, fasting plasma glucose and uric acid were
significantly higher in men than women and BMI and
HDL-cholesterol were significantly higher in women. The
age, systolic blood pressure, diastolic blood pressure, total
cholesterol and LDL-cholesterol were not significantly
different between male and female participants.

The overall prevalence of metabolic syndrome in the
first-degree relatives of type 2 diabetic patients in our

Table 1: The baseline characteristics of the first-degree
relatives of type 2 diabetic patients

Men Women P
(n=182) (n=512)

Age (year) 44.4+6.7 43.745.9 0.19
Weight (kg) 81£11.5 71£12.1  0.0001
BMI (kg/m?) 27.7%3.5 29.1x4.6  0.0001
Waist circumference (cm) 95.4£9.5 87.5+10.3 0.0001
Systolic blood pressure (mm Hg) 118+14 119£15 0.4
Diastolic blood pressure (mm Hg) 80+10 7.9+10 0.3
Fasting plasma glucose (mg/dL) 104+27 100£21 0.02
Total cholesterol (mg/dL) 198+40 202+36 0.2
LDL-cholesterol (mg/dL) 121£33 125+£30 0.1
Triglyceride (mg/dL)? 168 (119,242) 127 (91,181) 0.0001°
HDL-cholesterol (mg/dL) 38+11 46£12 0.0001
Uric acid (mg/dL) 6.2+1.32 4.6x11  0.0001

Data are presented as meantstandard deviation. 2Values are medians (interquartile
range).’P value comes from Mann-Whitney U test. BMI=Body mass index; HDL-
cholesterol=High-density lipoprotein cholesterol; LDL-cholesterol=Low-density
lipoprotein cholesterol
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study was 41.2% (n =286) [n =76 male, n =210 female]. The
prevalence of metabolic syndrome was 41.8% in men and
41% in women (P = 0.9).

Correlation coefficient test between uric acid and other
parameters are shown in Table 2. There was a correlation
between waist circumference, triglyceride, BMI, weight,
HDL-cholesterol, triglyceride, diastolic blood pressure and
uric acid in both sexes. In women, significant correlation
was also found between uric acid and systolic blood
pressure. But there was no correlation between uric acid
concentrations and fasting plasma glucose in both sexes;
also in men, correlation was negative. We excluded diabetic
cases (n = 52) and repeated Pearson correlation coefficient
test between uric acid and fasting plasma glucose. The
correlation became significant in women (r=0.125, P =0.007)
and became positive but not significant in men (r = 0.103,
P=0.1).

The serum uric acid was stratified by quartiles (Q) according
to the gender, and the prevalence of metabolic syndrome
was shown in each quartile [Table 3]. The prevalence of
metabolic syndrome in the Q4 was significantly more
than those in the Q1 (P = 0.0001) and Q2 (P = 0.003) in
men. The prevalence of metabolic syndrome in the Q4
was significantly higher than those in the Q1 (P = 0.0001),
Q2 (P =0.0001) and Q3 (P = 0.007) in women and also the
prevalence of metabolic syndrome in the Q3 was higher
than in the Q1 (P = 0.04) in women.

The prevalence of metabolic syndrome between other
quartiles was not significantly different in these two groups.
The mean of uric acid in men with metabolic syndrome was
6.6 £ 1.2 mg/dL and in those without metabolic syndrome
was 5.8 £ 1.2 mg/dL (P = 0.0001). The mean of uric acid in

Table 2: Pearson correlation coefficients between uric
acid and studied parameters in the first-degree relatives
of type 2 diabetic patients

Men (n=182) }':’122’1"2';

r P r P
Age (year) -0.009 0.9 0.067 0.1
Weight (kg) 0.270 0.0001 0.256 0.0001
BMI (kg/m?) 0.250 0.001 0.273 0.0001
Waist circumference (cm) 0.263 0.001 0.268 0.0001
Systolic blood pressure (mm Hg)  0.129 0.08 0.109 0.01
Diastolic blood pressure (mm Hg) 0.160 0.03 0.114  0.01
Fasting plasma glucose (mg/dL)  -0.063 0.4 0.002 0.9
Total cholesterol (mg/dL) -0.057 0.4 0.167 0.0001
LDL-cholesterol (mg/dL) -0.086 0.2 0.089  0.04
Triglyceride (mg/dL)? 0.185 0.01  0.340 0.0001
HDL-cholesterol (mg/dL) -0.250 0.001 -0.092 0.03

aCorrelation was assessed by using Spearman’s correlation coefficient as triglyceride
was not normally distributed. BMI=Body mass index; HDL-cholesterol=High-density
lipoprotein cholesterol; LDL-cholesterol=Low-density lipoprotein cholesterol
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women with metabolic syndrome was 4.9 + 1.1 mg/dL and
in those without metabolic syndrome was 4.4 + 0.9 mg/dL
(P =0.0001).

The association between uric acid and the number of
metabolic syndrome components are shown in Table 4. The
serum uric acid level significantly increased with increasing
the numbers of metabolic syndrome in both male and female
participants.

In order to investigate if the uric acid level may predict
the metabolic syndrome, we designed eight age-adjusted
logistic regression models [Figure 1]. The odds ratios (95%
confidence interval) of uric acid for metabolic syndrome
in univariate analyses were [1.60 (1.23-2.07); P = 0.008]
for men and [1.61 (1.34-1.92); P = 0.0001] for women.
These data introduced that uric acid concentration may
be a factor in the development of metabolic syndrome.
The multivariate analysis showed that when uric acid
was entered to analysis with each of the components of
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i| Ur| U+ | Ut | Us | U+ | U+, . Uni Us | U+ | Us | U+ | U+ | U+ |,

WC |FPG| TG |HDL | SBP DBP WC |FPG| TG \HDL | SBP|DBP!
High pointof C195% | 2.07| 1.96| 2.29| 2.03| 1.87 | 2.03| 1.99 | 2.11 1.92| 1.72| 1.93| 1.52| 1.94 | 1.85 | 1.84 | 1.63
*OR 1.60| 1.46| 1.73| 1.52| 1.42 | 1.54| 1.50 | 1.44 1.61| 1.40| 1.59| 1.23 | 1.58 | 1.53 | 1.52 | 1.21
Lowpointof CI95% | 1.23| 1.09| 1.31| 1.14| 1.08 | 1.16 | 1.14 | 0.99 1.34| 1.14| 1.32| 1.03 | 1.29 | 1.26 | 1.26 | 0.90
men women

Figure 1: Odds ratios (ORs) and 95% confidence intervals (Cl 95%) of uric acid
in the development of metabolic syndrome by gender in first-degree relatives of
type 2 diabetic patients. Uni: Univariate analysis with uric acid, U+WC: Analysis
with uric acid and waist circumference, U+FPG: Analysis with uric acid and fasting
plasma glucose, U+TG: Analysis with uric acid and triglyceride, U+HDL: Analysis
with uric acid and HDL-cholesterol, U+SBP: Analysis with uric acid and systolic
blood pressure, U+DBP: Analysis with uric acid and diastolic blood pressure, Multi:
Multivariate analysis with uric acid and all the components of metabolic syndrome

Table 3: Prevalence of metabolic syndrome by the
quartiles of uric acid in first-degree relatives of type 2
diabetic patients

Men
Quartiles Q1 (n=47) Q2 (n=48) Q3 (n=42) 04 (n=45)
Range of uric 1.1-5.4 5.4-6.2 6.2-6.9 6.9-10
acid (mg/dL)
Metabolic 12 (25.5) 16 (33.3) 19 (45.2) 29 (64.4)
syndrome (%)?

Women
Quartiles Q1 (n=138) Q2 (n=128) Q3 (n=128) Q4 (n=118)
Range of uric 0.8-4.0 4.0-4.6 4.6-5.3 5.3-8.2
acid (mg/dL)
Metabolic 43(31.2) 41(32.0) 55 (43.0) 71(60.2)

syndrome (%)?
2Data are presented as number (%). Q1=First quartile (0-25%); Q2=Second quartile
(25-50%); Q3=Third quartile (50-75%); Q4=Fourth quartile (75-100%)
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Table 4. Mean of uric acid concentration by the number
of metabolic syndrome components in the first-degree
relatives of type 2 diabetic patients

Men (182) Women (512)

No. of Components n Uric acid n Uric acid
(mg/dL)>> (mg/dL)>>

0 18 52+ 14 43 3.9+ 141
1 35 5.6 + 1.1 112 43 +0.9
2 53 6.2 £ 11 147 45+0.9
>3 76 6.6+12 210 4.9+ 11

aData are presented as mean +* standard deviation.; °P value = 0.0001, P values were
obtained with ANOVA test in each sex group.

metabolic syndrome, the effect of uric acid concentration
still persisted, significantly, in both sexes. On the other
hand, when all the components of metabolic syndrome
were used in model, the effect of uric acid was not
significant in both sexes [OR, 1.44; CI 95%, (0.99-2.11);
P =0.057] in men and [OR, 1.21; CI 95% (0.90-1.63);
P =0.197] in women.

DISCUSSION

The first-degree relatives of T2DM patients are a target
group to identify factors that increased their metabolic
disturbances.!">” To the best of our knowledge, this is the
first study that investigates the relation between uric acid
and metabolic syndrome in this group in Iranian population.
We focused our analysis on the prevalence of metabolic
syndrome according to the uric acid levels and the effect of
uric acid on the prediction of metabolic syndrome.

In our study, the overall prevalence of metabolic syndrome in
the first-degree relatives of T2DM patients was 41.2% (1=286)
[n =76 male, n =210 female]. This prevalence is higher than
that which was reported in the general population of Iran
with Azizi et al (41.2% vs. 30.1%).22" The association between
a family history of diabetes and the prevalence of metabolic
syndrome has been reported in previous studies.??*!

According to our results, the prevalence of metabolic
syndrome increased with the increase in the uric acid
concentration [Table 3]. The prevalence of metabolic
syndrome in the fourth quartile of uric acid was significantly
higher than the first and the second quartiles in both sexes.
Furthermore, the uric acid concentration increased with
increasing the number of metabolic syndrome components
[Table 4]. Finally, the mean of uric acid is significantly higher
in the individuals with metabolic syndrome than those
without (6.6+1.2vs.5.8+1.2inmenand4.9+1.1vs.44+0.9
in women). Similar results reported in previous studies,
which had been conducted in normal populations.?*

Metabolic syndrome is associated with insulin resistance!!*
and Facchini et al., have shown that urinary uric acid
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clearance decreases in the setting of insulin resistance and
it leads to more concentration of serum uric acid.?

Our findings indicate that uric acid has some correlation
with the majority of metabolic syndrome components both
in men and women [Table 2].The correlation of uric acid
with triglyceride and obesity indexes such as weight, waist
circumference and BMI is more strong [Table 2]. In a healthy
Japanese men’s study, uric acid levels were correlated with
abdominal obesity™™! and Matsuura et al., explained that
increase in uric acid level is closely associated to obesity and
the body fat distribution.® There are several hypotheses for
this association. For example, obesity and the increase in
waist circumstance are associated with insulin resistance.”*!
Urinary uric acid clearance decreases in the setting of insulin
resistance therefore, uric acid concentration increases.?*!
Another hypothesis, leptin production increased in obesity
and there is positive correlation between leptin and uric
acid. It has been suggested that leptin could be a pathogenic
role for hyperuricemia in obesity."*’!

We observed the negative correlation between
HDL- cholesterol and serum uric acid concentration.
Similar findings were reported in previous studies.?**' The
negative association between HDL-cholesterol and insulin
resistance was reported.'? It is the probable mechanism
for the negative relation between uric acid level and
HDL-cholesterol concentration.

The other considerable result was no correlation between
uric acid and fasting plasma glucose in both sexes [Table 2].
Similar findings were observed in Brazilian population
and Japanese men.*®! However, the correlation in Japanese
men became weakly positive when the diabetic men were
excluded.®! In our study when we excluded diabetes
persons from the analysis, the correlation in women became
significant and in men became positive but not significant.
Data about the uric acid levels in T2DM has inconsistent
results.[#*0%! Some studies reported that the levels of uric
acid decreased as glucose levels increased to diabetic levels
but in the setting of insulin resistance and impaired glucose
tolerance is high.®03!

We found that the likelihood of metabolic syndrome
increases approximately 60% by 1 SD increment in uric acid
levels if the uric acid enters in the model alone in logistic
regression analysis [OR=1.60 and 1.61 in men and women,
respectively] [Figure 1].

However, when all the components of metabolic syndrome
were entered to the multivariate analysis, the effect of
uric acid for prediction of metabolic syndrome was not
statistically significant in both sexes [Figure 1]. By entering
each component of metabolic syndrome into the logistic
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regression model with uric acid, we found that the odds
ratio of uric acid for predicting metabolic syndrome reduced
modest in all models (except for fasting plasma glucose
in men); however, this association still was significant
[Figure 1].

Similar results were reported in multivariate analysis in
Korean men study.® There is a study in Turkish population
that showed uricacid levels were a determinant of metabolic
syndrome. However, in Turkish study, a significant OR [OR,
1.35; C195%, (1.01-1.81)] was observed in the total sample. It
was not significant when men and women were analyzed,
separately. It was [OR, 1.15; CI 95%, (0.76-1.74)] in males
and [OR, 1.51; CI195%, (0.99-2.31)] in females. On the other
hand, not all the components of metabolic syndrome had
been entered in model for analysis and they had modified
the criteria of metabolic syndrome and had not used the
original ATP III criteria.™

Korean and Turkish studies were population-based studies
while our study population was first-degree relatives of
type 2 diabetes and they might have some characteristics
that make them different from normal population. It may
be responsible for some differences that were observed in
our study.

In present study, uric acid level had correlation with
the majority of metabolic syndrome components. In the
univariate analysis, uric acid had potency for predicting
metabolic syndrome. However, it lost this effect while
controlling all the components of metabolic syndrome as
the confounding variables in multiple logistic regressions. It
seems that uric acid probably is not an independent factor to
predict the metabolic syndrome in the first-degree relative
of T2DM. However, the further investigations are required.

Our study has several strengths and limitations. A strong
point includes the large sample size consisting of the
first-degree relatives of type 2 diabetes patients. The
limitations include, first, this study had a cross-sectional
design, which cannot elucidate causal relationships
between uric acid and metabolic syndrome. Second, the
participants were 30-69 years old and results may not refer
to the other age groups and finally this study was not a
multicenter study.

In conclusion, the serum uric acid levels are correlated with
metabolic syndrome components. The concentration of uric
acid in the first-degree relative of T2DM with metabolic
syndrome is higher than those without. However, in the
presence of metabolic syndrome components, uric acid
does not have power for prediction of metabolic syndrome
in this group.
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