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Uric acid and its association with cardiovascular disease

*Saleh Mohamed Bilgasem, **0Omar Oun Eljerbi

ABSTRACT

Hyperuricemia is commonly associated with traditional risk factors such as abnormalities
in glucose metabolism, dyslipidemia, and hypertension. Recent studies have revived the
controversy over the role of serum wric acid (UA) as an independent prognostic factor for
cardiovascular mortality. We study the relationship between increase of UA and the cardiovascular
disease. In order to assess this relation, we measure muscular brain creatinine kinase enzyme
(CKm) and troponin / (Tr.1) as a two parameters to prove the cardiovascular abnormalities of the
study samples. The study was included 62 patients in total and the laboratory results, shows there
is 37 case with high UA and 25 case with normal UA record. On the other hand, the increase of
troponin | which used as a diagnostic parameter to assess the cardiovascular cases was found
increased in 13 sample concurrent with an increase of UA. Nevertheless, the another 11 samples
were within normal level of UA but was concurred with high #roponin /. Statistical evaluation of UA
results was revealed a significant increase of mean + SD (8.8 + 2.9 mg/dL) and the p. value were
<0.05 (p=0.032). The samples result of high UA, high Ck.,,, and high troponin I, prove the previous
studies which find there is a relationship between the cardiovascular disease and increase of UA.

Therefore, addressing this phenomenon will be of interest to investigate further.
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Introduction

1. Uric acid is the metabolic end product of purine metabolism in humans, excess
accumulation can lead to various diseases (So A, et.al. 2010). Purines arise from metabolism
of dietary and endogenous nucleic acids, and are degraded ultimately to uric acid, through
the action of the enzyme xanthine oxidase. Uric acid is a weak acid (pKa 5.8), distributed
throughout the extracellular fluid compartment as sodium urate, and cleared from the plasma
by glomerular filtration (Emmerson 1996). Around 90% of filtered uric acid is reabsorbed from

the proximal renal tubule, while active secretion into the distal tubule by an ATPase-dependent
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mechanism contributes to overall clearance (Steele 1999). Purine metabolism is influenced
by dietary, as well as genetic factors regulating cell turnover. Uric acid is sparingly soluble in
aqueous media, and persistent exposure to high serum levels predisposes to urate crystal
deposition within soft tissues (Emmerson 1996).

Uric acid has been described as an oxygen radical scavenger (Braga, et al. 2016), and
have antioxidant properties that can prevent atherosclerosis and improve endothelial function
(Kei A, et al. 2018). In contrast to this propose beneficial role of uric acid, numerous
disease states and physiological conditions are associated with alterations in serum uric acid
concentrations. Increased levels are more frequent. This dual role of uric acid has been
described as the uric acid paradox, whereby this substance would act as antioxidant or pro—
oxidant depending on the intracellular or extracellular localization, and interactions with other
factors. Serum uric acid levels are characteristically elevated in gout, a disorder involving
either uric acid synthesis or excretion. Increased risk of cardiovascular mortality in subjects
with elevated serum uric acid levels is well documented. Cardiovascular diseases (CVD) are
the first leading cause of death worldwide (Dhindsa DS, et.al. 2017), this might be due to
an increased incidence of chronic diseases such as obesity, diabetes, hypertension,
dyslipidemia, and hyperuricemia (Mora—Ramirez, et al. 2017). Uric acid (UA) is considered
the ultimate product of purine metabolism in humans. Evidence suggests that increased
levels of serum uric acid (SUA) are associated with the development of hypertension,
coronary heart disease (CHD), cardiovascular stroke, cerebrovascular accidents (CVA), and
cardiovascular disease (Zhao G, et al. 2013). SUA concentrations can reflect the amount
of purine intake from the diet, inborn purine metabolism, changes in UA secretion (reduced
glomerular filtration and tubular secretion, or increased tubular reabsorption), and intestinal
degeneration (Vassalle C, et al. 2016). The relationship between SUA and CVD was first
reported more than 50 years ago, and several epidemiological studies were conducted to
assess the association between hyperuricemia (HU) and CVD (Braga, et al. 2016). Although
many studies have been conducted assessing the relationship between UA and CVD, there
is disagreement about this relationship (Xu Q, et.al.2017). These controversies are due to
the dual effect of UA in the body (Kanbay M, et al. 2013). The atherogenic effects of UA

include induction of oxidative stress in cells, which reduces the bioavailability of nitric oxide—
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associated with the activity of platelets and endothelial cells and the differentiation of smooth
muscle cells in the vascular system. This highlights the need for greater attention to serum
uric acid levels when profiling patients and suggests that the threshold above which uricemia
is considered abnormal, in light of the available evidence. In some studies, uric acid was
found to be an independent risk factor for both cardiovascular and renal diseases (Niskanen
L et al 2006), the effects of uric acid on the development of cardiovascular and renal
diseases has been demonstrated in animal models and cell cultures (Nakagawa
T, et al. 2006). In contrast, a number of studies has suggested that uric acid is not
independent of other established risk factors, especially hypertension, for the development of
cardiovascular disease (Culleton, ef al. 1999). The objective of this study was to investigate
whether there is an association between serum uric acid level and the presence and extent
of CVD in order to provide significant prognostic benefits in terms of global cardiovascular
risk and management of patients.
Materials and Methods
This study was conducted at the private Tripoli laboratory (Libya). The study population
consisted of 62 individuals all have cardiovascular problems, 37 samples was found having high
UA and 25 with normal UA record. The CKmb and Troponin | used as a two selective diagnostic
parameter to assess occurrence of the cardiovascular abnormality in the chosen populations.
Serum uric acid was measured with spectrophotometry. The uric acid is oxidized with uricase to
peroxide, which in turn generates quinonamine (Domagk & Schlicke 1968), measured at 546 nm
(Reagents from Boehringer Mannheim). The CK is activated by N-acetylcysteine (NAC). In a
primary reaction, the activated CK catalyzes the dephosphorylation of creatine phosphate to form
creatine and ATP. In a coupled reaction catalyzed by hexokinase (HK), glucose is phosphorylated
by ATP to form D-glucose—6-phosphate (G6P). Finally, glucose-6—phosphate dehydrogenase
(G6PDH) catalyzes the oxidation of G6P by NADP* to form 6-phosphogluconate and NADPH.
The rate of the NADPH formation is directly proportional to the catalytic CK-MB activity. It is
determined by measuring the increase in absorbance photometrically. The assessment of Tropnin
| uses a sandwich immunodetection method; Dried detector antibody in buffer binds to antigens in
sample to form antigen—antibody complexes. These complexes then migrate through the
nitrocellulose matrix and are captured by another sets of immobilized antibodies on the test line.
The more antigens in the sample, the more antigen—antibody complexes, which leads to a stronger
fluorescence signal. This signal then is interpreted by the reader to produce the Tn-I concentration

in the sample.



Issue 23 AL —OS5TATH FALL 2022

Statistical analysis:
Statistical analysis was performed using the Statistical Package for Social Science (SPSS)
for windows, version 23. Chi-square test and t-test were used to test for significant differences

between the groups. The p-value less than (0.05 was considered statistically significant.

Result:

1. Increase of Uric acid coupled with increase of CKmb:

The result of uric acid verses CKmb was found to be in the following range: Uric acid: 7 —

17.1 mg/dL CKmb:  25.1 — 113.1 U/L as illustrated in figurel.
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Figurel: Increase of Uric acid and CKmb in 24 samples

(Uric acid values was magnified by multiplying the result by 2)

2. Increase of Uric acid coupled with increase of Troponin I:
The result of uric acid verses CKmb was found to be in the following range: Uric acid: 7 —
17.1 mg/dL, Troponin (.03 — 5.22 ng/mL as shown in figure 2
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Figure 2: Increase of Uric acid and Troponin | in 13 samples

3. Normal measures of Uric acid coupled with an increase of CKmb:
Figure3 displays the result of normal uric acid verses CKmb which was found in the

following range: Uric acid: 4.2 — 6.9 mg/dL CKmb 25 - 77.5 U/L
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Figuer3: Normal Uric acid and increase of CKmb in 14 samples

4. Normal measures of Uric acid coupled with an increase of Troponin I:
The result of uric acid verses CKmb range: Uric acid: 4.2 — 6.9 mg/dL Troponin I: (.02
— 7.88 ng/mL as shown in figure (4)
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Figure 4: Normal Uric acid and increase of Tropnin | in 11 samples

Discussion

The result of this search were categorized according to the following:

1. Increase of uric acid coupled with increase of CKmb and Troponin |I.
2. Normal uric acid coupled with increase of CKmb and troponin I.

The measurement of troponin | was essential in order to confidently attribute the activities
of this enzyme to cardiovascular disease (CVD) and to monitor the level of uric acid in this
categories. However, the muscular brain creatinine kinase enzyme (CK,,;,) was measured as an
enzyme excreted from muscles in general include heart muscles which its increase is not specific
for heart muscles abnormality. The study of 62 patients in total and the laboratory results, shows
there is 37 samples with high UA as illustrated in (Figure 1 and 2). 25 samples with normal UA
record as illustrated in (figure 3 and 4). On the other hand, the increase of troponin | which was
used as a diagnostic parameter to assess the cardiovascular disease was found increased in 13
sample coupled with increase of UA (figure 2). Nevertheless, the 11 samples have found to be in
normal UA only below the upper normal limitation with one unit (i.e. < 6 mg/dL, the upper limit
was 7mg/dL in used method), the troponin | has been accompanied with this normality of UA
(figure 4), this may interpret as a gradual increase of UA while the clinical conditions of
cardiovascular develop or due to drug effect (UA inhibition) which cause of, in particular xanthine
oxidase inhibitors. The adding up of 11 samples with normal upper limit of UA and high troponin
| to the 13 samples with high UA and troponin |, gives total of 24 samples with an increased
troponin |, confidently attributed to the cardiovascular abnormality cases (Figure 2 and figure 4).

Using t-test, the statistical evaluation of the increased UA results was revealed a significant
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difference (p=0.032). The increase of UA and troponin | which confidently attribute to
cardiovascular abnormality was in line with previous studies (Mora —Ramirez 2017). Figure 1,
illustrated the increase of uric acid in comparison with CKmb increase, gives another prove of the
relationship between this two factors in cardiovascular disease. Several previous studies in
literature has documented the relationship between serum uric acid levels and cardiovascular
diseases (Juraschek, et al. 2014). Therefore, addressing this phenomenon will be of interest to

investigate further.
Conclusion:

In conclusion, a strong association has been found between serum uric acid level and
the presence and severity of cardiovascular disease (CAD). In addition to the evaluation of
conventional risk factors in daily clinical practice, the measurement of uric acid level might provide

significant prognostic benefits in terms of global cardiovascular risk and management of patients.
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