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Abstract

Background Numerous studies have demonstrated that

elevated serum uric acid concentration (SUA) is correlated

with lipid profile in hypertensive or obese patients. How-

ever, the relationship between serum uric acid levels and

lipid profile in non-obese late adolescent population was

not examined before.

Aims In this study we decided to assess the potential

relationship between SUA and lipid profile, according to

gender in adolescents with HU.

Methods The study group comprises 607 Polish adoles-

cents (474 males, 133 females) with HU. Retrospective

analysis included demographic, clinical, and laboratory

data. Lipid profile was assessed including total cholesterol

(TC), low-density lipoprotein cholesterol (LDL-C), high-

density lipoprotein cholesterol (HDL-C), triglycerides

(TG), total cholesterol to HDL-C ratio (TC/HDL-C).

Results In the examined group 187/607 (31 %) of teen-

agers were diagnosed with metabolic syndrome (MetS).

Median BMI-Z-score was 1.11 Q1–Q3: (-0.02–2.03) and

both females and males in the upper tertile of SUA had

statistically significant higher BMI-Z-score. The males in

the upper tertile of serum uric acid levels also had higher

values of TG and lower of HDL-C. In females, we have not

found significant differences in lipid profile. Multiple

regression analyses indicated that male gender, BMI-Z-

score, and presence of hypertension correlated significantly

with serum uric acid concentration.

Conclusions In summary, the results of our study confirm

higher prevalence of hyperuricemia in males when com-

pared to females and a stronger association of HU with

BMI-Z-score and lipid profile in male adolescents. Never-

theless, multiple regression does not confirm the indepen-

dent association of SUA with lipid profile.
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Introduction

The relationship between serum uric acid levels (SUA) and

cardiovascular conditions has been reported since the early

1960s [1]. Since then, a number of epidemiologic studies

on relation between SUA levels and a wide variety of

cardiovascular conditions, including hypertension, meta-

bolic syndrome, and kidney disease have been published

[2–4]. The prevalence and incidence of hyperuricemia

(HU) in the world population have increased over the past

40 years and the SUA levels have increased in both men

and women of various demographic groups [5]. Data from

recent epidemiologic studies revealed that between 10 and
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20 % of most western populations are hyperuricemic [6].

The prevalence of HU is varying in different populations

and areas. The highest was observed in Taiwan’s popula-

tion 43.7 % in men and 27.4 % in women aged C15 years

[7]. Among the population of the United States the prev-

alence of HU in adult males is 21.2 and 21.6 % in females,

as in adolescents 6 and 9 % for males and females,

respectively [8]. Data from the German population showed

that only 2.6 % of females but 28.6 % of males were

hyperuricemic [9]. In Italy Ruggiero et al. [10] reported

prevalence of HU in the whole population of 9.3 %. There

is no data about the prevalence of HU in the Polish healthy

population, however in untreated hypertensive patients it is

estimated for 15.4 % [11].

Feig et al. [12] reported that the relation between uric

acid and cardiovascular disease is observed not only in

patients with severe HU (defined as more than 6 mg/dl in

women and more than 7 mg/dl in men) but also with serum

uric acid levels[5.5 mg/dl. The study reported presence of

HU in 89 % of children with essential hypertension and

only in 30 % of secondary hypertension.

Based on experimental study HU is considered as a

mediator of proinflammatory endocrine imbalance in adi-

pose tissue which may be responsible for dyslipidemia and

the inflammatory process leading to atherogenesis [13]. In

1993, Zavaroni et al. [14] suggested that HU is commonly

part of the cluster of metabolic and hemodynamic abnor-

malities along with abdominal obesity, glucose intolerance,

insulin resistance, dyslipidemia, and hypertension. In

another review Tsouli et al. [15] summarized the patho-

physiologic association between SUA and metabolic syn-

drome (MetS) and focused on the prevention of HU and its

cardiovascular consequences. Recent study by Feig et al.

[16] suggested that HU might have an important contrib-

utory role in MetS. Hyperuricemia is considered a mediator

of endothelial dysfunction, leading to reduced insulin-

stimulated nitric oxide-induced vasodilatation in skeletal

muscle, and as a consequence reduced glucose uptake in

skeletal muscle; and it leads to inflammation and oxidative

changes in adipocytes.

Excessive caloric intake, incorrectly balanced diet and

sedentary lifestyle contributes not only to weight gain but

also to disturbances in the metabolism of fats and carbo-

hydrates hepatic synthesis of triglycerides. Additionally de

novo synthesis of purine compounds accelerates and aug-

ments the production of uric acid. Increased amount of

visceral adipose tissue causes insulin resistance affecting

both glucose and uric acid levels [17], this in turn reduces

the antiatherogenic high density lipoprotein cholesterol

(HDL-C) particles [5, 18]. Numerous studies have dem-

onstrated that elevated serum concentration of uric acid is

strongly correlated with serum levels of total cholesterol

(TC), triglyceride (TG), low-density lipoprotein cholesterol

(LDL-C) and low values of HDL-C [19–21] in hyperten-

sive or obese patients, however to our best knowledge lipid

profile has not been fully evaluated in children and ado-

lescents with HU. The relationship between serum uric acid

levels and lipid profile in non-obese late adolescent popu-

lation was not examined before. Previous studies have

primary focused on obese adolescent populations [22, 23].

Similarly previous studies in this field have not reported the

gender references.

Therefore, in this study we decided to assess the

potential relationship between SUA and lipid profile,

according to gender in a large cohort of Polish adolescents

with HU.

Methods

The current research is part of a 10-year retrospective

cohort study of patients registered with the Pediatric

Nephrology Department at Medical University of Bialy-

stok, Poland. The cohort was randomly selected from the

medical records generated by Solmed Software. Baseline

data were collected in 2002–2012.

The study group comprises 607 Polish adolescents (474

males, 133 females). Retrospective analysis included

demographic, clinical, and laboratory data. Laboratory

analyses recorded at presentation included complete blood

count, serum levels of creatinine, urea, uric acid, thyroid-

stimulating hormone, glucose, total cholesterol (TC), low-

density lipoprotein cholesterol (LDL), triglycerides (TG),

total cholesterol to HDL-C ratio (TC/HDL-C), C-reactive

protein, electrolytes, and urinalysis. The inclusion criteria

were as follows: adolescents aged 11–21 years, with HU

(serum uric acid [5.5 mg/dl), suspected for hypertension

or metabolic syndrome. Exclusion criteria were: heart

failure, diabetes mellitus, renal or hepatic dysfunction,

hematological disease, systemic inflammatory conditions,

autoimmune diseases, secondary forms of hypertension,

subjects treated with hypertensive agents and medications

known to affect SUA levels and BP values, administered

with uric acid-lowering agents.

The Bioethics Committee of the Medical University of

Bialystok in accordance with the Declaration of Helsinki

approved the protocol.

Body weight and height were measured using a balance

beam scale and pediatric wall-mounted stadiometer and

body mass index (BMI) was calculated as weight (kg)

divided by the square of height (m2).

Age- and gender-specific reference values for BMI were

generated by the LMS method [24], which characterizes

the distribution of a variable by its median (M), the coef-

ficient of variation (S, i.e., the ratio of the SD and mean),

and skewness (L) required to transform the data to
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normality. Evaluation for these parameters is obtained by a

maximum-likelihood curve-fitting algorithm to the original

data plotted over the independent variable. The formula for

calculating Z-score of BMI or height was: LMS-

SDS = {[Y/M(t)]L(t)-1}/[L(t) 9 S(t)], where Y is the

individual observation, and L(t), M(t), and S(t) are the

specific values of L, M, and S interpolated for the child’s

age and gender. The LMS values were taken from OLAF

study, published by Kułaga et al. [25].

In our study metabolic syndrome was defined according

to the criteria established for young people by Cook et al.

[26]. The diagnosis of hypertension was carried out based

on recommendations of ESH [27] and HU was defined as

serum uric acid level [5.5 mg/dl [12]. Overweight and

obesity were defined using criteria developed by Cole et al.

[28].

Blood samples were collected in the morning, after night

fasting. The venous blood samples were combined with

dipotassium EDTA and tested within 30 min of collection.

Complete blood counts were measured using an automatic

blood counter. Serum creatinine was determined by upda-

ted Jaffe reaction, serum uric acid was assessed using the

colorimetric method, and serum cholesterol, HDL-choles-

terol and triglycerides were determined by the enzymatic

method using Hitachi 912 (La Roche Company, Japan).

Low-density lipoprotein cholesterol (LDL-C) was calcu-

lated by the traditional formula of Friedewald et al. [29].

Serum glucose was measured with the Integra 800 ana-

lyzer. Glomerular filtration rate was assessed by updated

Schwartz’s formula (GFR), which is recommended in

paediatric population [30].

Statistical analysis

Data analysis was performed using a computer program

Statistica 10.0 PL. Discrete variables were expressed as

counts (percentage), whereas continuous variables as

median with the interquartile range (Q1–Q3), unless stated

otherwise. The comparison between the two groups was

done with the Chi-square and Fisher exact tests for cate-

gorical variables and t test for continuous variables for

normally distributed data or Mann–Whitney test for the

data distributed not normally. Pearson single-regression

analyses and Spearman single-regression analyses were

used for parametric and nonparametric data, respectively.

Standard least-squares method was used for multiple

regression analyses. Statistical significance was set at

p\ 0.05.

Results

The demographics and baseline laboratory data of patients

are summarized in Table 1. The study included 607

patients aged 15.8 ± 1.84 years (M: 474, F: 133).

In the examined group 187/607 (31 %) of teenagers

were diagnosed with metabolic syndrome. The prevalence

of MetS in males and females was similar: 29.5 and

31.5 %, respectively. In teenagers with HU not diagnosed

with metabolic syndrome, isolated primary hypertension

was found in 202/420 (48 %) of patients and obesity in

83/420 (19.7 %) of patients. In the whole examined group

the median BMI-Z-score was 1.11 Q1–Q3: (-0.02–2.03)

and was similar in both genders (p[ 0.05). On the other

hand SUA concentration was significantly higher in males

(median was 6.41 mg/dl) than in females (6.01 mg/dl)

(p\ 0.001). No gender differences were found in serum

TC and TG, but HDL cholesterol was significantly higher

in females (p\ 0.05). Serum creatinine was higher and

GFR lower in males than in females (p\ 0.01). The

baseline biochemical characteristics of participants

grouped by sex-specific serum uric acid tertiles are shown

in Table 1. Compared with those in the lower tertile, both

females and males in the upper tertile of serum uric acid

levels had statistically significant higher BMI-Z-score.

Males in the upper tertile of serum uric acid levels also had

higher values of triglycerides and lower of HDL choles-

terol. However, in females we have not found significant

differences in lipid profile.

In our study we found statistically significant relation

between SUA and BMI-Z-score as well as lipid parameters

in adolescents with HU. We found statistically significant

positive correlations between SUA and BMI-Z-score

(r = 0.42, p\ 0.001), TG (r = 0.26, p\ 0.001), TG/

HDL-C (r = 0.25, p\ 0.001), and statistically significant

negative correlation between UA level and HDL-C (r =

Table 1 Anthropometric, clinical and metabolic characteristics of patients

Female (133) p Male (474) p

Tertile I Tertile III Tertile I Tertile III

BMI-Z-score 0.07 (-0.61–0.69) 1.38 (-0.72–3.41) \0.01 0.04 (-1.05–1.96) 1.38 (-0.72–3.41) \0.01

Cholesterol (mg/dl) 158.80 (98.0–191.0) 162.6 (144.0–204.0) NS 159.64 (134.0–181.0) 162.6 (144.0–204.0) NS

HDL cholesterol (mg/dl) 49.34 (43.0–62.3) 48.64 (39.0–64.0) NS 51.74 (36.0–73.0) 50.84 (40.0–57.3) \0.05

Triglyceride (mg/dl) 105.19 (69.0–118.3) 106.21 (63.1–125.1) NS 104.66 (61.0–128.0) 112.43 (67.1–145.0) \0.01
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-0.16, p\ 0.05). This relationship was stronger among

males than females (Table 2).

Multiple regression analysis indicated that male gender

(p\ 0.01), BMI-Z-score (p\ 0.01), and presence of

hypertension (p\ 0.01) correlated significantly with serum

uric acid concentration.

Discussion

The most interesting finding of this retrospective study was

much higher prevalence of HU in male than in female

teenagers. This is in agreement with many reports from

literature. The same results were obtained in US and Chi-

nese adults [8, 31] and adolescents [32], as well. Another

important finding of this study was that males had higher

serum level of uric acid, and serum triglyceride levels were

significantly higher and HDL cholesterol significantly

lower in males in the upper tertile of serum uric acid levels.

This observation was not confirmed in girls. It is interesting

to note that serum uric acid correlated significantly with

BMI-Z-score in both males and females. These findings

confirmed the results obtained in the population study in

Mexico [33], Taiwan [34] and China [35]. Statistically

significant gender differences between males and females

were confirmed in Bogalusa Heart Study [36]. Similar

results in children aged 6–18 years were published by

Jones et al. [37] (Table 3).

The prevalence of metabolic abnormalities in teenagers

is increasing. The results of Third National Health and

Nutrition Examination Survey US children aged

12–19 years reported MetS in about 10 %. In overweight/

obese children, over 33 % had MetS and two-thirds of all

adolescents had at least one metabolic abnormality. Addi-

tional results showed high prevalence of low HDL-C,

hypertriglyceridemia, and central obesity both for boys and

girls and for older and younger adolescents. In the popu-

lation of young adults the incidence of MetS is 8–12 % in

non-obese and 34–41 % in the obese patients [38].

We confirmed metabolic syndrome in about 30 % of

hyperuricemic teenagers. In the whole examined group

serum uric acid correlated positively with serum TG and

TG/HDL-C ratio and negatively with HDL-C in both

genders. We did not confirm the results of Bogalusa Heart

Study [39] which demonstrated correlation between HU

and total cholesterol. Correlation between SUA and TG

found in our study is consistent with the results of longi-

tudinal prospective study conducted by Rathmann et al.

[40] who found regularity in changes of serum triglycerides

strictly related to changes in uric acid, independent of

changes in BMI. According to Takahashi et al. [41] the

higher concentration of TG may be related to lower HDL-C

in hyperuricemic individuals. Ford et al. [42] showed a

close relation between HU and dyslipidemia as well as

BMI-Z-score in nationally representative sample of US

children and adolescents. The authors reported statistically

significant, strong positive correlation between serum UA

and lipid components of MetS and body parameters. The

findings of the current study are also consistent with Wang

et al. [43], who found significantly correlations between

SUA and triglyceride and HDL-C in longitudinal study of

Chinese male adolescents. Similar results were observed by

other authors [22, 44]. Strong relationship between SUA to

serum TG and HDL-C both men and women also was

observed by Conen et al. [45]. On the other hand, Denzer

et al. [46] in obese children and adolescents showed strong

positive correlation between SUA and total cholesterol but

not triglycerides. In our study we found different

Table 2 Correlations between

serum uric acid and clinical and

biochemical parameters

Female Male

Correlation Significance Correlation Significance

Age (years) 0.02 NS 0.02 NS

BMI-Z-score 0.37 p\ 0.05 0.41 p\ 0.001

Cholesterol (mg/ dl) 0.04 NS 0.11 NS

LDL cholesterol (mg/dl) -0.02 NS 0.13 NS

HDL cholesterol (mg/dl) 0.05 NS -0.18 p\ 0.05

Triglyceride (mg/dl) -0.12 NS 0.34 p\ 0.001

TG/HDL-C -0.11 NS 0.33 p\ 0.001

Creatinine (mg/dl) 0.10 NS 0.21 p\ 0.001

Urea (mg/dl) 0.05 NS 0.11 p\ 0.05

Table 3 Multiple linear regression analysis of serum uric acid level

Beta SE p

Gender (male) -0.39099 0.15237 0.01

Presence of hypertension 0.53838 0.17565 0.002

BMI-Z-score 0.19560 0.04400 0.0001

R2 = 0.247, p\ 0.01
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relationships between serum uric acid and lipid profile in

late adolescents according to age. In females we only

noticed the relationship between serum uric acid and BMI-

Z-score. It might be caused by lower cut-off levels rec-

ommended for girls by Feig et al. [12]. In males we found

statistically significant correlations between SUA and both

lipid profile and BMI-Z-score. Our results are in agreement

with data obtained by Lippi et al. [19], who showed that the

relationships between serum UA and lipid parameters

remained elusive in men. As emphasized by other

researchers reduction of serum UA in males should be

considered, since this intervention might act synergistically

with lipid lowering therapies to reduce cardiovascular risk

[47].

Multiple regression analysis indicated that male gender,

BMI-Z-score, and presence of hypertension (p\ 0.01)

correlated significantly with serum uric acid concentration.

In summary, the results of our study confirm higher

prevalence of hyperuricemia in males when compared to

females and stronger association of HU with BMI-Z-score

and lipid profile in male adolescents. However, the results

of multiple regression does not confirm the independent

association of SUA with lipid profile. Further studies are

necessary to assess the potential role of complex treatment

of HU and hyperlipidemia.

There are several limitations in this study including its

retrospective design, single-center site and inability to

calculate population-based rates. Another limitation is the

small number of females compared with men. Thirdly, as

the study is retrospective we did not get the data of waist

circumference, and we were not evaluating the possible

correlations.

Conflict of interest None.
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