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Abstract

Purpose Hyperuricemia has been associated with higher mortality in the general population, but less is known about CKD
patients. The aim of our study was to determine the impact of elevated serum uric acid on cardiovascular mortality of CKD
patients who later progress to hemodialysis.

Methods In this retrospective study, 120 CKD patients (entire population of patients with ESKD on January 1st, 2012) were
observed from their first visit at the Nephrology outpatient clinic, while transitioning to hemodialysis, and until their death
or January 1, 2016. After non-cardiovascular death exclusion, 83 CKD patients (33 female, 50 male) were left for further
analysis. The average time of observation was 8.8 +4.2 years. Serum uric acid was measured regularly (every 3 months).
No patients were treated for hyperuricemia. Mean uric acid of 420 umol/L was set as a cut-off between normouricemic and
hyperuricemic patients as per the laboratory’s reference values. Survival rates were analyzed using Kaplan—Meier survival
curves. Three Cox regression models were used to assess the influence of uric acid on survival.

Results Mean uric acid was 379.8 +71.6 pumol/L (range 220-574). Sixty-three (75.9%) patients were normouricemic and 20
(24.1%) were hyperuricemic. Cholesterol was the only variable to show statistically significant difference (p =0.004) between
the groups. Bivariate analysis revealed an association between death and age, hyperuricemia, arterial hypertension, and his-
tory of cardiovascular disease. Kaplan—-Meier survival analysis showed higher risk of cardiovascular death for hyperuricemic
patients (log rank test; p <0.0005). In Cox regression models, hyperuricemia remained a predictor of cardiovascular mortality
(SE=0.500, Exp(B)=14.120, 95% CI 5.297-37.640) in our patients next to age and arterial hypertension.

Conclusion The results indicate an association between hyperuricemia and cardiovascular mortality in CKD patients who
transition to hemodialysis.

Keywords Hyperuricemia - Chronic renal insufficiency - Renal dialysis - Cardiovascular disease complications - Risk
factors

Introduction

Uric acid or urate is an end product of endogenous purine
nucleotide or dietary purine metabolism generated by xan-
thine dehydrogenase or xanthine oxidase with poor solubil-
ity, circulating in plasma [1, 2]. Once created it cannot be
metabolized further but must be eliminated by kidney or
intestinal excretion. Herein lies the cause why approximately
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used for measurement in laboratories [5]. Other research-
ers suggest lower values down to 300 umol/L (5 mg/dL)
for healthy individuals, some suggest different values for
men and women due to uricosuric effect of estrogenic com-
pounds, while others suggest values of 360 pmol/L (6 mg/
dL) that are targeted when using urate lowering therapy
(ULT) [6-8].

It is still uncertain whether asymptomatic hyperuricemia
is an independent risk factor for cardiovascular (CV) disease.
The presence of comorbidities such as CKD contributes to
progression of hyperuricemia, which appears to be the main
cause of gout that in turn is an independent predictor of pre-
mature death. In several epidemiological and observational
studies hyperuricemia has been linked to CV events, arterial
hypertension (AH), and diabetes mellitus (DM), but Mende-
lian randomization studies do not seem to show an associa-
tion [8—13]. Studies have shown that hyperuricemia predicts
progression of kidney disease in various nephropathies and
CKD, and that higher values of SUA and body mass index
(BMI) are associated with an estimated glomerular filtration
rate (eGFR) decline of > 50% or end-stage kidney disease
in patients with arterial/arteriolar nephrosclerosis. Further-
more, increased SUA correlates with increased intima media
thickness values as markers of atherosclerosis and subopti-
mal blood pressure control [5, 14, 15].

In a previous study carried out in our center, we have
already shown that hyperuricemia is directly associated with
higher all-cause mortality of CKD patients [16]. The aim of
our study was to determine the impact of elevated SUA on
cardiovascular mortality of CKD patients undergoing HD
during long-term follow-up.

Materials and methods

120 CKD patients (entire population of patients with end-
stage kidney disease in our center on January 1st, 2012)
enrolled in our study. They were observed regularly from
their first visit at the patients’ Nephrology outpatient
clinic (NOC) in the University Medical Centre Maribor
in Slovenia. All patients later started HD and were fol-
lowed until their death or January 1st, 2016 (on average
for 8.8 +4.2 years, maximal period of observation was
19.5 years). SUA was measured regularly (every 3 months
on average) from venous sampling during NOC visits and
HD sessions. All patients who died of other than CV causes
or had received HD for less than 3 months were excluded
from the data. In the end 83 CKD patients remained for
analysis (Fig. 1).

Patients with the mean SUA <420 umol/L (7.06 mg/dL)
were defined as normouricemic, while patients with the
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Fig.1 Study design. *Entire population of patients with end-stage
kidney disease in our center on January 1Ist, 2012. CKD chronic kid-
ney disease; HD hemodialysis; CV cardiovascular

mean SUA >420 umol/L (7.06 mg/dL) as hyperuricemic. No
patients were treated for hyperuricemia using ULT. AH was
defined as an average measured blood pressure > 140 mm Hg
systolic or >90 mm Hg diastolic or as receiving treatment
for AH. DM was defined as receiving treatment for DM.

All patients had C-reactive protein (CRP), total choles-
terol, triglyceride (TG), and creatinine levels determined
from their blood sample on their first NOC visit, had their
BMI calculated before their first HD session, and all were
questioned whether they are currently smoking or whether
they had ever smoked before. Their eGFR was calculated
using the Modification of Diet in Renal Disease (MDRD)
equation. They were questioned about active treatment with
statins, angiotensin converting enzyme inhibitors (ACEIs),
or angiotensin receptor blockers (ARBs). Data about the
primary CKD etiology and history of CV disease were col-
lected from the medical database. CV disease was defined
as history of coronary artery disease, heart failure, or atrial
fibrillation.

Normality of data was tested using Shapiro—Wilk’s test.
The groups were compared using Chi-squared test for cat-
egorical variables, Mann—Whitney U test for non-paramet-
ric variables, and T test for parametric variables. Similarly,
association between researched variables and death was
found using the same tests.

Survival rates were analyzed using Kaplan—Meier sur-
vival curves. Three different models were used for Cox
regression analysis. First, the unadjusted Cox model using
only hyperuricemia. Second, Cox model using hyperurice-
mia, statistically different variables between groups, and var-
iables with statistically significant association with mortality
in our cohort. Last, Cox model using variables in the sec-
ond model adjusted for age, sex, BMI and eGFR. Statistical
analysis was performed using SPSS for Windows, version
19.0.1 (SPSS, Chicago, IL, USA). All data are presented
as mean + SD. A relationship was considered statistically
significant at p values less than 0.05.
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Results

Mean age of the cohort was 56.5 + 15.5 years, ranging from
20 to 82 years at first NOC visit. There were 33 (39.8%)
women and 50 (60.2%) men. The main causes of CKD in
our patients have shown to be DM, AH, and IgA glomeru-
lonephritis (Table 1). Mean SUA was 379.8 +71.6 pmol/L,
ranging from 220 to 574 pmol/L. Gender specific analy-
sis showed significantly (p =0.04) lower values of SUA
for females (360.3 +67.7 umol/L), as opposed to males

Table 1 CKD etiology of our cohort

(392.6 +71.8 umol/L). Mean SUA before initiating HD was
476.1+136.7 umol/L. Significantly lower (p <0.005) val-
ues were observed during the HD period when SUA was
352.8 +62.7 ymol/L. Basic characteristics of our patients
are presented in Table 2. Sixty-three (75.9%) patients were
normouricemic and 20 (24.1%) were hyperuricemic, out of
which 21 (33.3%) normouricemic and 14 (70.0%) hyper-
uricemic patients died. Kaplan—Meier survival analysis
showed the risk of death being higher for hyperuricemic
patients (log rank test; p <0.0005) compared to normour-
icemic patients (Fig. 2).

Cholesterol was the only variable to show statistically
significant difference (p =0.004) between the normo- and
hyperuricemic group, 5.3 + 1.5 mmol/l and 4.2 4+ 0.9 mmol/l,

Etiology of CKD (n=83) Percentage respectively. Analysis showed statistically significant asso-
Diab " s ciation with mortality for age (p =0.001), hyperuricemia
tabetes mefitus ’ (p=0.004), history of CV disease (p =0.036), and AH
Arterial hypertension 21.7 (p=0.039)
gy; glo;nermolnephr;lu_s_ 2(6) The unadjusted Cox regression using only hyperurice-
At tl‘/r & .Omeruhonep hrms 6.0 mia showed statistically significant (p < 0.005) difference in
Pnla gesie r:g mp;t Y 6.0 mortality between the groups (SE=0.366, Exp(B) =4.147,
C(l)lycy.snc i neyhlhsjcase 2’4 95% CI 2.025-9.495). Second, we tested the only statisti-
Obromc Pye onep :us 2’4 cally different variable cholesterol and variables associated
T ;trlu?twe u_r(.)pft yh N 2’4 to mortality with hyperuricemia. The unadjusted Cox regres-
P;l wlointerstitial nephropathy 1’2 sion showed statistically significant (p < 0.0005) difference
Oell:macytoma 9.6 in mortality for hyperuricemia, age, and AH (Table 3). And
ther i last, with the Cox multivariable regression model following
Table 2 Basic characteristics of Group 1° Group 2° p value
our study population
Number of patients 20 63
Serum uric acid (mean + SD; umol/L) 482.1+47.8 347.3+40.3 <0.0005
Sex: males (%) 70.0 57.1 0.306
Age (mean +SD; years) 53.9+18.3 57.4+14.7 0.583
CRP (percentage of pathological; mean+SD; mg/L) 55.0;26.3+39.7  48.3;21.0+41.1 0.481
eGFR (mean + SD; ml/min/1.73 m?) 19.8+15.7 20.5+14.58 0.733
Arterial hypertension (%) 100.0 95.2 0.320
Diabetes mellitus (%) 20.0 42.9 0.066
Total cholesterol (percentage of pathological; 45.0;4.22+0.87  61.9; 0.004
mean + SD; mmol/l) 5.30+1.55
Triglycerides (percentage of pathological; 65.0; 1.78 £ 1.15 57.1; 1.98 +£1.08 0.516
mean + SD; mmol/l)
Body mass index (mean + SD; kg/m?) 274+79 27.1+£59 0.767
Smoker (%) 40.0 30.2 0.413
ACEIs or ARBs (%) 70.0 68.3 0.883
Statins (%) 15.0 30.2 0.181
History of cardiovascular disease (%) 65.0 44.4 0.109
Length of observation (mean + SD; days) 2268 + 1252 3521+ 1510 0.001

SD standard deviation, CRP C-reactive protein, eGFR estimated glomerular filtration rate, ACEIs angioten-

sin-converting-enzyme inhibitors, ARBs angiotensin receptor blockers
*Hyperuricemic

"Normouricemic

The relationships were considered statistically significant at p values < 0.05
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Fig.2 Kaplan-Meier survival analysis between the normo- and
hyperuricemic group

bivariate analysis adjusted for age, sex, BMI, and eGFR,
hyperuricemia remained a predictor of mortality in our
patients (p <0.0005) (Table 4).

Discussion

Hyperuricemia has shown to be directly associated with higher
CV mortality in our cohort of patients. Other studies show
conflicting results. Some researchers have shown that CKD
patients with heart failure and higher SUA have a poorer prog-
nosis compared to normouricemic patients and that SUA has a
J-shaped relationship with all-cause mortality [17, 18], while
others have shown that hyperuricemia and higher SUA were
associated with lower risk of all-cause and CV mortality in the
hemodialysis population [19, 20]. In patients without CKD,
elevated SUA showed an increased risk for development of
chronic kidney dysfunction and those who received ULT had
potentially better survival than those who did not [21, 22].
The mean BMI of enrolled patients was 27.2 kg/m>
which falls into the pre-obesity category according to the
World Health Organization. A former study carried out
in our centre showed that about 60% of HD patients are
abdominally obese and have higher risk for CV mortality

Table 3 Results from the

. L Variable B coefficient Exp(B) haz-  95% confidence inter- p value

unad.]us.ted Cox multlvaflable ard ratio val for Exp(B) hazard

regression model following ratio

bivariate analysis

Lower Upper

Hyperuricemia 2.442 11.498 4.631 28.549 <0.0005
Arterial hypertension —2.440 0.087 0.022 0.344 <0.0005
Age 0.086 1.090 1.052 1.130 <0.0005
History of cardiovascular disease —0.491 0.612 0.275 1.362 0.229
Cholesterol —-0.019 0.981 0.720 1.336 0.902
The relationships were considered statistically significant at p values < 0.05

Ta!)le 4 Results frpm Fhe Variable B coefficient Exp(B) haz-  95% confidence inter- p value

ad]ustefi Cox multivariable ard ratio val for Exp(B) hazard

regression model for age, sex, ratio

BMI, and eGFR, following

bivariate analysis Lower Upper
Hyperuricemia 2.648 14.120 5.297 37.640 <0.0005
Age 0.087 1.090 1.049 1.133 <0.0005
Arterial hypertension -1.772 0.170 0.034 0.854 0.031
Sex -0.732 0.481 0.195 1.186 0.112
eGFR —-0.017 0.983 0.955 1.011 0.228
History of cardiovascular disease —0.258 0.773 0.335 1.781 0.545
Cholesterol 0.064 1.066 0.766 1.484 0.705
Body mass index —0.039 0.962 0.891 1.038 0.962

eGFR estimated glomerular filtration rate

The relationships were considered statistically significant at p values < 0.05
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due to microinflammation [23]. This could point towards a
possible explanation of raised CV mortality of our hyper-
uricemic patients, as raised SUA in patients with CKD has
been reported to induce oxidative stress and inflammation as
well as inducing endothelial disfunction by decreasing nitric
oxide bioavailability [3, 5, 6, 24, 25].

As atherosclerosis is one of the main causes of CV mor-
bidity and mortality, and could be associated with hyper-
uricemia in all patients, future research in this area could
also benefit from use of non-invasive tools for cardiovascu-
lar assessment such as pulse wave analysis and pulse wave
velocity. A study has shown that higher SUA was associ-
ated with a greater increase in pulse wave velocity, pointing
towards arterial stiffness in patients with SUA >370 pmol/L
(6.2 mg/dL), which is more frequently reached in men [6,
26].

Interestingly, AH showed to be a protective factor in our
cohort of patients. We believe this is due to a small number
of patients (three patients) that died soon after initialization
of HD or were relatively hypotensive during individual HD
sessions. A lot of patients were categorized as hypertensive,
because the main treatment of CKD is regulation of hyper-
tension and treatment with ACEIs or ARBs. Studies indicate
that hypertension mediates the annual decline of eGFR that
is larger in patients with hyperuricemia [27].

TG have achieved pathologic values in 57% of our
patients. Postorino et al. have observed a reduced all-cause
and CV mortality in patients with 0.5 mmol/L (50 mg/dL) of
excess TG and waist circumference < 95 cm. Recent studies
have also shown that CV risk factors such as weight, blood
pressure and cholesterol seem to have a U-shape association
with CV mortality in CKD patients undergoing HD [28, 29].

The main strengths of our study are the use of an average
of SUA measurements, that were collected regularly through
follow-up, the length of follow-up, which was on average
almost 9 years per patient, and observing patients who tran-
sitioned from NOC visits into HD.

Regardless, our study has some limitations. The group
of enrolled patients was small, so our results should be
reviewed on a larger group of CKD patients. We have also
not considered some medications that could affect SUA
levels, such as fibrates, diuretics, or estrogenic compounds.
Additionally, we have not searched and tested for mineral
and bone disorder parameters related to CKD such as para-
thyroid hormone, serum calcium, and phosphate levels.

Despite several epidemiological and Mendelian rand-
omization studies that show conflicting results, large rand-
omized placebo-controlled studies should be carried out to
assess the benefit of treating asymptomatic hyperuricemia in
CKD patients. In the meantime, physicians should consider
managing hyperuricemic patients’ therapy to medications
known to lower SUA as a secondary effect, such as losartan,
atorvastatine, and calcium channel blockers and think about

reducing the cut-off value for hyperuricemia to lower values,
but stay cautious as some research in patients on chronic
HD showed higher risk for all-cause mortality, when SUA
is lower than 330 umol/L (5.5 mg/dL) [6, 11, 30].

Conclusion

The results indicate an association between SUA and CV
mortality in CKD patients undergoing HD during long-term
follow-up and show that hyperuricemia and age are directly
associated with higher CV mortality of our patients.
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