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SaZetak

Uvod: Postoje opre¢ne informacije o odnosu izmedu mokracne kiseline i ne-
koliko sastavnica metabolickog sindroma.

Materijali i metode: Retrospektivno smo analizirali rezultate pretraga mok-
racne kiseline u serumu, glukoze u plazmi nataste te triglicerida, provedenih
na Citavoj kohorti izvanbolnickih odraslih bolesnika, koji su bili uzastopno
upucivani u nas laboratorij radi rutinskih krvnih pretraga tijekom protekle dvi-
je godine.

Rezultati: Za ispitanike ije su koncentracije glukoze i triglicerida prelazile
granicne vrijednosti prema kriterijima ATP lIl postojala je veca vjerojatnost da
su muskarci s izrazenim porastom koncentracije mokracne kiseline u serumu
(355 pmol/L, 95% CI = 208555 pmol/L prema 304 pmol/L, 95% Cl = 172-
494 pmol/L; P < 0,001). Gotovo istovjetni rezultati utvrdeni su nakon stratifi-
kacije ispitivane populacije medu muskarcima i Zenama te prilagodbi za dob.
Kod ispitanika s hiperurikemijom (mokrac¢na kiselina u serumu > 506 pmol/L
u muskaraca te > 416 pmol/L u Zena) takoder je uocena znacajno visa preva-
lencija patoloskih koncentracija glukoze i triglicerida (32% prema 11%; P <
0,001) u odnosu na ispitanike s normalnim vrijednostima mokracne kiseline u
serumu. Glukoza i trigliceridi su u linearnoj regresijskoj analizi s vide varijabli
bili neovisno povezani s koncentracijama mokracne kiseline u serumu nakon
prilagodbi za dob i spol.

Zakljucak: Uzajaman bioloski meduodnos zapazen izmedu mokracne kiseli-
ne u serumu, hipertrigliceridemije i hiperglikemije otvara mogucnost za po-
tencijalno patogenetsko preklapanje medu tim stanjima.

Kljucne rijeci: Secerna bolest, glukoza nataste, hiperglikemija, metabolicki
sindrom, hipertrigliceridemija, mokracna kiselina
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Abstract

Introduction: There is controversial information on the relationship be-
tween uric acid and several components of the metabolic syndrome.

Materials and methods: We retrospectively analyzed results of serum uric
acid, fasting plasma glucose (FPG) and triglyceride tests performed on the
whole cohort of outpatient adults consecutively referred to our laboratory for
routine blood testing in the previous two years.

Results: Subjects with both FPG and triglyceride values exceeding the ATP
I1 criteria thresholds were more likely to be male and had a marked increase
in serum uric acid levels (355 pmol/L, 95% Cl = 208-555 pmol/L versus 304
pmol/L, 95% Cl = 172—494 pmol/L; P < 0.001). Nearly identical results were
found after stratifying the study population between males and females and
after adjustment for age. The study subjects with hyperuricemia (serum uric
acid > 506 pmol/L for males and > 416 pmol/L for females) also had a signi-
ficantly higher prevalence of abnormal values of both FPG and triglycerides
(32% versus 11%; P < 0.001) as compared to subjects with normal serum uric
acid values. In multivariable linear regression analysis, FPG and triglycerides
were independently associated with serum uric acid levels after adjustment
for age and gender.

Conclusion: The mutual biological interrelationship observed between se-
rum uric acid, hypertriglyceridemia and hyperglycemia raises the possibility
of a potential pathogenetic overlap between these conditions.
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syndrome, hypertriglyceridemia, uric acid.
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Uvod Introduction

Epidemioloske su studije pokazale znacajne povezanosti
izmedu povisenih koncentracija mokracne kiseline u se-
rumu i nekoliko sastavnica metabolickog sindroma kao
$to su pretilost, Secerna bolest tipa 2 i hipertrigliceridemi-
ja (1,2). Znacajno je da su te povezanosti prisutne veciu
djece i mladih osoba (3,4). Nedavno je takoder naglaseno
da, iako su povisene koncentracije mokracne kiseline u se-
rumu ¢vrsto povezane s metabolickim sindromom, ipak
ne predstavljaju neovisan ¢imbenik rizika za vaskularnu
bolest u bolesnika s tim sindromom (5). Osim toga, Liou
i suradnici su izvijestili da se prisutnost metaboli¢kog sin-
droma nije mogla dovesti u vezu s povisenim koncentraci-
jama mokracne kiseline (6), dok Lin i suradnici nisu zapa-
zili nikakvu povezanost izmedu koncentracije mokracne
kiseline u serumu, hiperglikemije i ostalih sastavnica me-
taboli¢ckog sindroma (7). Ova je studija stoga osmisljena
radi otkrivanja mogucih bioloskih odnosa izmedu koncen-
tracija mokracne kiseline, glukoze u plazmi nataste i trigli-
cerida u opcoj populaciji.

Materijali i metode

Ispitanici

Provedena je retrospektivna analiza baze podataka naseg
laboratorijskog informacijskog sustava kako bi se ispitao
odnos koncentracija mokrac¢ne kiseline u serumu, gluko-
ze nataste i triglicerida (dvije klju¢ne biokemijske sastav-
nice metabolickog sindroma prema definiciji ATP Il (8), a
koje su provedene na ¢itavoj kohorti izvanbolni¢kih od-
raslih pacijenata koje su lije¢nici opée prakse uzastopno
upucivali radi rutinskih krvnih pretraga tijekom protekle
dvije godine (lipanj 2005. - lipanj 2007.). Za stratifikaciju
Citave populacije tih bolesnika nisu koristeni ni kriteriji za
ukljucivanje niti za iskljucivanje u studiju.

Metode

Venska se krv rutinski prikupljala ujutro nakon gladova-
nja. Koncentracije glukoze, triglicerida i mokracne kiseli-
ne odredene su standardnim enzimskim postupcima na
modularnom sustavu Roche/Hitachi (Roche Diagnostics
GmbH, Milano, Italija). Gornja granica referentnog raspo-
na za mokraénu kiselinu bila je 506 pmol/L za muskarce i
416 umol/L za Zene.

Statisticka analiza

Znacajnost razlika i frekvencije razdioba vrijednosti bile
su procijenjene Kruskal-Wallisovim testom za kvantitativ-
ne varijable te Chi-kvadrat-testom za kategoricke varijab-
le. Nacinjena je multipla linearna regresija, no najprije su
varijable koje nisu pokazivale normalnu razdiobu logari-
tamski preoblikovane. U potpuno prilagodenom multip-
lom regresijskom modelu mokrac¢na kiselina je postavlje-
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Epidemiological studies have shown significant associa-
tions between increased serum uric acid concentrations
and several components of the metabolic syndrome, su-
ch as obesity, type 2 diabetes and hypertriglyceridemia
(1,2). Notably, these associations were already present in
children and young adolescents (3,4). It was also recently
emphasized that elevated serum uric acid levels are stron-
gly associated with the metabolic syndrome, yet are not
an independent risk factor for vascular disease in patients
with this syndrome (5). Additionally, Liou et al. reported
that the presence of metabolic syndrome was not associa-
ted with increased circulating uric acid levels (6), whereas
Lin et al. did not observe any association between serum
uric acid, hyperglycemia and other components of the
metabolic syndrome (7). Thus, this study was designed
to unveil potential biological relationships between uric
acid, fasting plasma glucose (FPG) and triglycerides in the
general population.

Materials and methods

Patients

We performed a retrospective analysis on the database of
our Laboratory Information System to retrieve results of
serum uric acid, FPG and triglyceride tests (the two key
biochemical components of the metabolic syndrome ac-
cording to the ATP Ill definition) (8), which had been per-
formed on the whole cohort of outpatient adults consecu-
tively referred by general practitioners for routine blood
testing in the previous two years (June 2005 - June 2007).
Neither inclusion nor exclusion criteria were applied to
stratify the entire population of outpatients.

Methods

Venous blood was routinely collected in the morning on
fasting subjects. FPG, triglycerides and uric acid concen-
trations were assayed by standard enzymatic procedures
on Roche/Hitachi Modular System (Roche Diagnostics
GmbH, Milan, Italy). The upper limit of the reference ran-
ge for uric acid was 506 pmol/L for males and 416 pumol/L
for females.

Statistical analysis

Significance of differences and frequency distribution of
values were assessed by the Kruskal-Wallis test (for con-
tinuous variables) and the chi-squared test (for categori-
cal variables), respectively. Multivariable linear regression
analysis was also preformed but skewed variables were
first logarithmically transformed to improve normality.
In the fully adjusted multivariable regression model, uric
acid was entered as a dependent variable, whereas age,
gender, FPG and triglycerides were included as covaria-
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na kao ovisna varijabla, dok su dob, spol, glukoza u plaz-
mi nataste i trigliceridi ukljuceni kao kovarijable. Statistic-
ke su analize provedene primjenom statistickog paketa
SPSS, verzija 12.0 (SPSS, Chicago, SAD), a razina statisticke
znacajnosti je trajno odredena na < 0,05. Podatci su prika-
zani kao srednje vrijednosti (+ 95% interval pouzdanosti)
ili postotci. Studiju je odobrio eti¢ki odbor nase klinike.

Rezultati

Zbirni rezultati za koncentracije mokracne kiseline u se-
rumu, glukoze u plazmi nataste i triglicerida dobiveni su
za 10.181 ambulantnih bolesnika starijih od 35 godina ti-
jekom dvogodisnjeg razdoblja. Kao $to je pokazano u tab-
lici 1, za osobe s koncentracijama glukoze i triglicerida ko-
je su prelazile grani¢ne vrijednosti definirane kriterijima
ATP lll, postojala je veca vjerojatnost da su muskarci i da
imaju istaknut porast koncentracija mokracéne kiseline u
serumu. Gotovo su istovjetni rezultati utvrdeni nakon stra-
tifikacije istraZivane populacije u muskaraca (367 pmol/
L, 95% Cl = 226-579 pmol/L prema 338 umol/L, 95% Cl
= 208-512 umol/L; P < 0,001) i Zzena (334 umol/L, 95% Cl
= 201-525 pmol/L prema 270 pmol/L, 95% Cl = 155-458
pmol/L; P < 0,001). Razlike u koncentracijama mokraéne ki-
seline u serumu ostale su statisticki znacajne ¢ak i nakon
prilagodbe za dob (podatci nisu prikazani). Sukladno to-
me, ucestalost patoloskih vrijednosti mokracne kiseline
bila je ve¢a medu ispitanicima s visokim koncentracijama
glukoze u plazmi nakon gladovanja i triglicerida i navodi-
la na dijagnozu metaboli¢kog sindroma, nego medu ispi-
tanicima s normalnim vrijednostima glukoze i triglicerida
(Tablica 1). Za ispitanike s hiperurikemijom bila je takoder
karakteristi¢na znacajno visa prevalencija patoloskih vri-
jednosti kako glukoze, tako i triglicerida (32% prema 11%;
P < 0,001) u usporedbi s ispitanicima cije su vrijednosti
mokracne kiseline u serumu bile unutar referentnog ras-
pona. U multiploj linearnoj regresijskoj analizi glukoza
(standardizirani beta-koeficijent = 0,520; P < 0,001) i trigli-
ceridi (standardizirani beta-koeficijent = 0,293; P < 0,001)
bili su neovisno povezani s koncentracijama mokra¢ne ki-
seline u serumu nakon prilagodbe za dob i spol.

Rasprava

Raspravlja se o tome je li mokracna kiselina jednostavno
biljeg kardiovaskularne bolesti ili moze imati aterogeni
ucinak neovisno o drugim poznatim ¢imbenicima kardio-
vaskularnog rizika. PoviSene koncentracije mokra¢ne ki-
seline koreliraju sa starijjom dobi, muskim spolom, hiper-
lipidemijom, pretilo3¢u, inzulinskom rezistencijom i Secer-
nom bolesti tipa 2 (1,2) te ubrzavaju napredovanje ozlje-
de krajnjeg organa izazvane hipertenzijom (9). Mokra¢na
kiselina takoder aktivira sustav komplementa izazivanjem
razvoja oksidacijskog stresa i oksidacije LDL-a (10), te ima
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tes. Statistical analyses were performed using the statisti-
cal package SPSS version 12.0 (SPSS, Chicago, IL) and the
level of statistical significance was always set at P < 0.05.
Data are presented as means (+ 95% confidence interva-
Is) or percentages. The study was approved by our depar-
tmental ethics committee.

Results

Cumulative results for serum uric acid, FPG and triglyce-
ride levels were retrieved for 10,181 outpatients > 35 yea-
rs old over the 2-year period. As shown in Table 1, subjec-
ts with both FPG and triglyceride values exceeding the
thresholds defined by the ATP Il criteria were more likely
to be male and had a marked increase in serum uric acid
levels. Almost identical results were found after stratifyi-
ng the study population between males (367 umol/L,
95% Cl = 226-579 pmol/L vs 338 pmol/L, 95% Cl = 208-
512 umol/L; P < 0.001) and females (334 umol/L. 95% Cl =
201-525 pmol/L vs 270 pmol/L, 95% Cl = 155-458 pmol/L;
P < 0.001). The differences in serum uric acid levels remai-
ned statistically significant even after adjustment for age
(data not shown). Accordingly, the frequency of abnormal
values of uric acid was higher among subjects with high
FPG and triglyceride values, suggestive for diagnosing
the metabolic syndrome, than among those with normal
FPG and triglyceride values (Table 1). The study subjects
with hyperuricemia were also characterized by a signifi-
cantly higher prevalence of abnormal values of both FPG
and triglycerides (32% versus 11%; P < 0.001) as compared
to subjects with serum uric acid values within the referen-
ce range. In multivariable linear regression analysis, FPG
(standardized beta coefficient = 0.520; P < 0.001) and trig-
lycerides (standardized beta coefficient = 0.293; P < 0.001)
were independently associated with serum uric acid leve-
Is, after adjustment for age and gender.

Discussion

There is debate whether uric acid is simply a marker of car-
diovascular disease or it may exert an atherogenic effect
independently of other known cardiovascular risk factors.
Elevated levels of uric acid correlate with older age, ma-
le gender, hyperlipidemia, obesity, insulin resistance and
type 2 diabetes (1,2) and accelerate the progression of
hypertension-induced end-organ injury (9). Uric acid also
activates the complement system inducing the develop-
ment of oxidative stress and LDL oxidation (10), and exer-
ts proinflammatory effects stimulating human mononuc-
lear cells to produce inflammatory cytokines (9). Finally,
uric acid induces systemic endothelial dysfunction, a pat-
hogenetic mechanism in mediating hypertension (11).

The major finding of this study is that hypertriglyceride-
mic and hyperglycemic adults have increased prevalence
rate of elevated serum uric acid levels, and that hypertrig-
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TaLicA 1. Osnovna obiljezja sudionika studije (N = 10.181) grupirana pre-
ma prevalenciji patoloskih vrijednosti glukoze i triglicerida (definiranih
prema kriterijima ATP 111) (9).

Uric acid, hyperglycemia and hypertriglyceridemia

TasLe 1. Baseline characteristics of the study participants (N = 10,181)
grouped according to the prevalence of abnormal glucose and triglyce-
ride values (as defined by the ATP Ill criteria) (9).

FPG < 6.1 mmol/L

FPG > 6.1 mmol/L

TG < 1.7 mmol/L TG > 1.7 mmol/L P
N 9112 1069
Age 60 (37-83) 61 (40-80) 0.131
Sex (% females) 4375 (48%) 395 (37%) 0.022
Serum Uric Acid
Mean and 95% CI (umol/L) 304 (172-494) 355 (208-555) <0.001
% patients with abnormal values 11% 0.018

FPG = fasting plasma glucose; TG = triglycerides

Abnormal values of uric acid were defined as > 506 pumol/L for males and > 416 umol/L for females.

proupalne ucinke koji poticu mononuklearne stanice na
stvaranje upalnih citokina (9). Kona¢no, mokracna kiselina
izaziva sustavnu endotelnu disfunkciju koja predstavlja
patogeni mehanizam u posredovanju hipertenzije (11).
Glavni je nalaz ove studije da odrasle osobe s hipertrigli-
ceridemijom i hiperglikemijom imaju vedi postotak pre-
valencije povisenih koncentracija mokracne kiseline u
serumu, te da su ta dva poremecaja najjaci pretkazatelji
hiperurikemije u velikom uzorku opée populacije. Na pr-
vi se pogled ta otkri¢a ne moraju ¢initi iznenadujuéima s
obzirom na snaznu vezu izmedu koncentracija mokraéne
kiseline u serumu i inzulinske rezistencije te prethodnih
zapazanja o pozitivnoj povezanosti koncentracija mokra¢-
ne kiseline u serumu i hiperglikemije i dislipidemije (4).
Medutim, temeljni patofizioloski mehanizmi koji povezu-
ju hiperglikemiju, hipertrigliceridemiju i hiperurikemiju
trenutno nisu poznati. Moguce je da su ukljuceni ¢imbe-
nici koji pojacavaju sintezu mokracne kiseline u serumu
(npr. povecana aktivnost sporednog puta heksoza-mono-
fosfata, a time i biosinteze purina), kao i oni koji smanju
brzinu izlu¢ivanja mokraéne kiseline iz mokrace (npr. po-
jaCana tubularna reapsorpcija i/ili smanjeno tubularno lu-
¢enje). Zaista, kod bolesnika s inzulinskom rezistencijom
ili oStecenim podnosenjem glukoze dokazano je da imaju
sniZzene vrijednosti uklanjanja (klirensa) mokracne kiseli-
ne iz mokrace (12) te kroni¢no povisene koncentracije iz-
vanstani¢nog adenozina, to sve doprinosi povecéanoj sin-
tezi mokracne kiseline (13).

Jace strane, ali i ogranicenja ove studije zasluzuju komen-
tar.Biokemijske varijable (hiperglikemija, hipertrigliceride-
mija) koje su obi¢no okupljene u metabolickom sindromu
dobivene su iz opsezne baze podataka o rezultatima pret-
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lyceridemia and hyperglycemia are the strongest predic-
tors of hyperuricemia in a large sample of the general po-
pulation. At first glance, these findings could appear un-
surprising, given the strong association between serum
uric acid levels and insulin resistance and the previous
observations of a positive association of serum uric acid
levels with hyperglycemia and dyslipidemia (4). However,
the underlying pathophysiological mechanisms linking
hyperglycemia, hypertriglyceridemia and hyperuricemia
are currently unknown. Both the factors that increase se-
rum uric acid synthesis (e.g., an increased activity of the
hexose monophosphate shunt and thereby purine bio-
synthesis) or those that decrease urinary uric acid excre-
tion rate (e.g., an increased tubular reasorption and/or di-
minished tubular secretion) might be involved. Indeed, it
has been shown that patients with insulin resistance or
impaired glucose tolerance have reduced values of urina-
ry uric acid clearance (12) and chronically increased extra-
cellular adenosine concentrations, thereby contributing
to increasing uric acid synthesis (13).

The strengths and limitations of the present study deser-
ve comment. The biochemical variables (hyperglycemia,
hypertriglyceridemia) that typically cluster in the meta-
bolic syndrome were retrieved from a large database of
outpatient test results and confirm the previous observa-
tion that FPG was significantly and positively associated
with the uric acid level (14). However, the cross-sectional
design of the study precludes the establishment of cau-
sal or temporal relations among these variables, and
prospective studies will be required to sort out the time
sequence of events. Further, the study population of out-
patient adults from laboratory may not be a representa-
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raga ambulantnih bolesnika i potvrdile su prethodno za-
pazanje da je koncentracija glukoze znacajno i pozitivho
povezana s koncentracijom mokracne kiseline (14). Medu-
tim, presjec¢ni dizajn studije ne opravdava postavljanje uz-
rocnih ili vremenskih veza medu tim varijablama tako da
su radi definiranja vremenskog slijeda dogadaja potreb-
ne prospektivne studije. Nadalje, ispitivana populacija ko-
ju su ¢iniliambulantni odrasli pacijenti laboratorija ne mo-
ra biti reprezentativan uzorak opce populacije. Takoder,
nikakve dodatne informacije nisu, na zalost, bile dostup-
ne o toj velikoj skupini ambulantnih bolesnika, kao ni o
stvarnoj prevalenciji metabolickog sindroma definiranog
prema cjelovitim kriterijima ATP Ill. Ipak, bioloski meduod-
nosi uoceni u ovoj velikoj ispitivanoj populaciji otvaraju
mogucnost potencijalnog patogenetskog preklapanja (ili
zacaranog kruga) izmedu hiperurikemije, hipertrigliceri-
demije i hiperglikemije.
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