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Objective: In the frame of the Uric Acid Right for Heart
Health (URRAH) study, a nationwide multicenter study
involving adult participants recruited on a regional
community basis from all the territory of Italy under the
patronage of the Working Group on Uric Acid and
Cardiovascular Risk of the Italian Society of Hypertension,
we searched for the cut-off values of the ratio between
serum uric acid (SUA) and serum creatinine (sCr) able to
predict cardiovascular (CV) events.

Methods: Among 20 724 participants followed-up for
126 � 64months, after detecting cut-off by the receiver
operating characteristic curves, we calculated by Cox
models adjusted for confounders having CV events as
dependent variable the hazard ratio (HR) of SUA/sCr >
cut-off. We also verified if the role of cut-off varied with
increasing SUA/sCr.

Results: A plausible prognostic cut-off of SUA/sCr was
found and was the same in the whole database, in men
and in women (>5.35). The HR of SUA/sCr > cut-off was
1.159 (95% confidence interval [CI] 1.092–1.131,
P<0.03) in all, 1.161 (95% CI 1.021–1.335, P<0.02) in
men, and 1.444 (95% CI 1.012–1.113, P<0.03) in
women. In increasing quintiles of SUA/sCr the cut-offs
were >3.08, >4.87, >5.35, >6.22 and >7.58,
respectively. The HRs significantly increased from the 3rd
to the 5th quintile (1.21, 95% CI 1.032–1.467, P¼0.018;
1.294, 95% CI 1.101–1.521, P¼0.002; and 1.642, 95%
CI 1.405–1.919, P<0.0001; respectively), that is, over
5.35, whereas the 2nd quintile was not significantly
different from the 1st (reference).

Conclusion: Having SUA/sCr >5.35 is an independent CV
risk indicator both in men and women. The cut-off is
dynamic and significantly increases with increasing SUA/sCr.

Keywords: cardiovascular, creatinine, cut-off,
epidemiology, uric acid
0 www.jhypertension.com
Abbreviations: CI, confidence interval(s); CV,
cardiovascular; HR, hazard ratio(s); ICD-10, International
Classification of Diseases – 10th Revision; OR, odds ratio
(s); ROC, receiver operating characteristic; sCr, serum
creatinine; SUA, serum uric acid; URRAH, Uric Acid Right
for Heart Health
tion, and reproduction in any medium, provided the original work is properly cited.
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INTRODUCTION
U
ric acid is the final product of purine metabolism in
humans. The association between serum uric acid
(SUA) and cardiovascular (CV) disease has been

investigated for almost 50 years [1] and the role of SUA as a
CV risk factor and a metabolic mediator is growing. In the
last years, the Uric Acid Right for Heart Health (URRAH)
study [2] found univocal prognostic cut-off values of SUA
able to predict incidence of CV events [3], myocardial
infarction [4], stroke [5] and heart failure [6] also in type-2
diabetic patients [7] and in the aged [8].

SUA largely depends on renal function, but little is
known about the prognostic value of SUA when it is
indexed for renal function.

In addition to being generally accepted as another
independent CV risk indicator [9], serum creatinine (sCr)
is also an index of renal function, and can represent an
easily available and inexpensive parameter for indexing
SUA to renal function. As a matter of fact, the ratio between
SUAmg/dl and sCrmg/dl is strictly associated to metabolic
syndrome [10] and has sometimes been proposed as a
metabolic mediator [11] and as a new variable able to
explore CV risk [12] mainly in some categories of selected
people such as patients with diabetes, nephropathy or
chronic pulmonary disease [13–16] or in menopausal wom-
en [17].

However, curiously, no prognostic cut-off values have
ever been determined for this a-dimensional variable.

The URRAH study was conceived and designed by the
Working Group onUric Acid and Cardiovascular Risk under
the patronage of the Italian Society of Hypertension in order
to ascertain the role of SUA as a risk factor in a nationwide,
regional-based protocol involving a great number of Italian
people [1,2]. One of the URRAH objectives is to find the cut-
off values above which SUA and the variables derived from
SUA, for instance the SUA/sCr ratio, entail an increased CV
risk, stratifying participants into having or having not an
increased probability of developing incident CV events
during a long-lasting follow-up.

The present analysis intends to clarify: if the a-dimen-
sional variable represented by the SUAmg/dl/sCrmg/dl ratio is
associated with CV risk, if a univariate cut-off level of SUA/
sCr exists in men and women and can be confirmed as a risk
indicator being accepted in multivariate Cox regression
models adjusted for confounders, and if the cut-off values
of SUA/sCr, if any, vary across sexes and with varying SUA/
sCr value.

METHODS

Database and study protocol
The database called URRAH involves data on individuals
aged 18–95years collected on a regional community basis
from all the territory of Italy with a median follow-up period
of 133months (interquartile range from63 to 153months) up
to 31 July 2017. The study protocol has been previously
extensively described [2–4]. In brief, a nationwide Italian
database was built by collecting data on individuals from
representative cohorts having SUA measurement and com-
plete information about several variables including
Journal of Hypertension
outcomes. A total of 20 724 participants were taken into
account in the present analyses. For all participants, a stan-
dardized set of itemswas recorded, including demographics,
anthropometric measures, metabolic parameters, smoking
habit, systolic and diastolic arterial blood pressure, renal
function, history of cardiovascular, renal and brain disease,
concomitant treatments and outcomes. Hypertension was
defined by the presence of at least two blood pressure
recordings at least 140 or at least 90mmHg or treatment with
antihypertensivemedications. Diabetesmellituswas defined
if blood glucose was at least 126mg/dl at fast or at least
200mg/dl 2 h after 75 g oral glucose load or if glycated
hemoglobinwas>6%.Renal functionwasevaluated through
sCr, and in sensitivity analysis through estimation of the
glomerular filtration rate calculated according to the Chronic
Kidney Disease Epidemiology Collaboration equation [18].

Ethics
The study data were collected routinely or ad hoc in
previously authorized studies. Participants underwent no
extra tests or interventions, and there was no impact on
participants’ care or outcome. The URRAH was performed
according to the Declaration of Helsinki for Human Re-
search (41st World Medical Assembly, 1990). The process-
ing of the patients’ personal data collected in this study
comply with the European Directive on the Privacy of Data.
All data to be collected, stored and processed are anony-
mized, and all study-related documents are retained in a
secure location. No personal information is stored on local
personal computers. Approval was sought from the Ethical
Committee of the Coordinating Center at the Division of
Internal Medicine of the University of Bologna (No. 77/
2018/Oss/AOUBo). Informed consent was obtained from
all subjects at recruitment.

Outcome
According to the URRAH protocol [3], incident events due to
acute myocardial infarction, angina pectoris, heart failure,
stroke, transient ischemic attack and hypertensive compli-
cations were taken into consideration during the follow-up
(see Table 1s, Supplemental Digital Content, http://links.
lww.com/HJH/C93 for ICD10 codes). Events were double-
checked with hospital and physicians’ files.

Statistics

General description
The SAS package version 9.4 (SAS Institute, Cary, North
Carolina, USA)was used for statistical analysis. A preliminary
power analysis based on differences from stratified values of
uric acid for a ¼ 0.05 and power (1 � b)¼ 0.80 was per-
formed. To our knowledge, no study exists about possible
cut-off values of SUA/sCr discriminating participants into
doomed to and not doomed to develop any CV event.
Consequently, we considered 1 as a possible difference able
to stratify participants according to the above-mentioned
outcome. Power analysis showed that the number of partic-
ipants in the database (n¼ 20 724) represented a sample
largely sufficient to avoid b error. The Kolmogorov-Smirnov
normality test was performed. Continuous variables were
www.jhypertension.com 181
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expressed as mean� standard deviation and compared
among classes or categories by the analysis of covariance
adjusted time to time for proper confounders and followed
by the Bonferroni’s post hoc test. Categorical variables were
compared by means of the Pearson x2 test. In multivariate
analyses, the covariables that were not independent from
each other were previously log-transformed. The null hy-
pothesis was rejected for values of P< 0.05.

The variable SUA/sCr was also divided into five increas-
ing quintiles of 4145 participants each, to be used in
descriptive comparative statistics by analysis of variance,
and in multivariate Cox model as described below.

Estimated glomerular filtration rate (eGFR) was calculat-
ed [18] and used in sensitivity analysis as a putative further
confounder in multivariate Cox models. The null hypothe-
sis was rejected for values of P< 0.05.

Univariate prognostic cut-off values
The receiver operating characteristic (ROC) curves method
was used to search for prognostic cut-off of SUA/sCr for CV
events in the whole database and by sex. SUA/sCr was
used as basic variable and CV events as dichotomic clas-
sification variable. The De Long et al. method [19] was
used. Ratio of cases in the positive group (prevalence),
sensitivity and specificity were calculated. ROC curves
were generated in the whole database, and a prognostic
cut-off value was identified as the curve point nearest to
the 100% of axis of the ordinates [20]. In practical terms,
this was made by identifying the SUA value associated to
the highest values of the sum sensitivity þ specificity.
Youden’s index [21] defined for all points of ROC curves
was used as a criterion for selecting the optimum cut-off.
The area under the curve was also shown for each ROC
curves analysis [22].

Validation of the prognostic cut-off value and
hazard ratio of being over cut-off
The cut-off values of SUA/sCr identified by mean of the
ROC curves were used as independent variables in separate
multivariate Cox analyses adjusted for the confounders
already identified, having combined CV events as
TABLE 1. General characteristics of the study participants also showi

Variables Whole database (n¼20 724) Men (n¼
Age (years) 57.2�14.7 56.5�
Men (%) 49.4 –

SUA (mg/dl) 5.04�1.39 5.26�
sCr (mg/dl) 0.93�0.25 0.96�
SUA/sCr 5.56�1.74 5.60�
Smoking habit (yes %) 24.1 27.

Ethanol intake (yes %) 62.6 64.

Diabetes (yes %) 10.6 10.

Hypertension (yes %) 66.7 66.

Heart rate (bpm) 71.8�12.3 70.7�
Systolic BP (mmHg) 143.3�2.8 143.0�
Diastolic BP (mmHg) 85.4�12.8 85.5�
BMI (kg/m2) 25.9�4.2 26.6�
LDLC (mg/dl) 135.6�35.8 134.8�

BMI, body mass index; BP, arterial blood pressure; LDL-C, low-density-lipoprotein serum cholest

182 www.jhypertension.com
dichotomic dependent variable in the whole database. A
cut-off value identified via the ROC curves method was
considered as valid if accepted in the model being the null
hypothesis rejected, otherwise it was considered a false cut-
off. The corresponding hazard ratio with 95% confidence
interval were obtained.

The validated cut-off values were used in the whole
database, in the two sexes and in the five quintiles (see
below) to stratify combined CV events in descriptive analysis
and for generating outcome curves according to theKaplan–
Meier nonparametric estimator of limit product. Log-rank
tests were used to assess differences between curves.

RESULTS

Descriptive statistics
The general characteristics of the 20 724 participants are
shown in Table 1, also showing men and women separate-
ly. The characteristics of the five quintiles are shown in
Table 2s, Supplemental Digital Content, http://links.lww.
com/HJH/C93.

During the 240-months follow-up, 2110 participants
(10.2%) experienced a CV event, that is, 1030 men
(10.1%) and 1080 women (10.3%, P¼ 0.6 between sex, NS).

Search for cut-off value of serum uric acid/
serum creatinine
ROC curve furnished plausible univariate cut-off values of
SUA/sCr for CV events (5.35), which was the same in the
whole database, as well as separately inmen and inwomen.
The sex-specific ROC curves are shown in Figure 1s,
Supplemental Digital Content, http://links.lww.com/HJH/
C93, and the ROC parameters by sex in Table 3s, Supple-
mental Digital Content, http://links.lww.com/HJH/C93.

Validation of cut-off values and hazard rations
of being over serum uric acid/serum creatinine
After stratifying participants in those until the cut-off and
those over the cut-off of SUA/sCr, multivariate Cox analyses
adjusted for age (years), sex (1¼men, 0¼women), diabe-
tes mellitus (1¼present, 0¼ absent), smoking habit
ng sex stratification

10 229) Women (n¼10 495) P values between sexes

14.2 58.0�15.4 <0.0001

– –

1.38 4.83�1.38 <0.0001

0.22 0.90�0.28 <0.0001

1.76 5.51�1.71 <0.0001

8 20.6 <0.0001

8 60.4 <0.0001

6 10.5 0.80 (NS)

2 67.3 0.10 (NS)

12.5 72.9�11.9 <0.0001

22.6 144.3�24.9 <0.0001

12.5 85.3�13.1 0.20 (NS)

3.9 26.7�4.6 0.03

35.9 135.1�35.4 0.53 (NS)

erol; NS: no statistical difference; sCr, serum creatinine; SUA, serum uric acid.
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FIGURE 1 Hazard ratio (HR) of having SUA/sCr > cut-off in the whole database, in men and in women, after adjustment for age (years), sex when proper (1¼men,
0¼women), diabetes mellitus (1¼present, 0¼ absent), smoking habit (1¼ yes, 0¼no), arterial hypertension (1¼present 0¼ absent) and alcohol consumption (1¼ yes,
0¼no). Vertical bars represent the 95% CI. CI, confidence interval; sCr, serum creatinine; SUA, serum uric acid.
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(1¼ yes, 0¼no), arterial hypertension (1¼present
0¼ absent) and alcohol consumption (1¼ yes, 0¼no)
demonstrate that being over the cut-off lead to higher risk
both in men and in women (Fig. 1). The Cox analysis of the
confounders is summarized in Table 4s, Supplemental
Digital Content, http://links.lww.com/HJH/C93. In men
or women, the curves of Kaplan-Mayer generated by being
over the CU of SUA/sCr were superimposed (Figure 2s,
Supplemental Digital Content, http://links.lww.com/HJH/
C93).

Adding eGFR as further confounder did not change
significantly the model although accepted as a direct pre-
dictive indicator in the whole database (hazard ratio [HR]
1.002, 95% confidence interval [CI] 0.001–0.003, P< 0.0001)
and in women (HR 01.004, 95% CI 1.003–1.005,
P< 0.0001).

Kaplan–Meier curves after stratification according to cut-
off of SUA/sCr are shown in Fig. 2. The curves of partic-
ipants having SUA � cut-off and SUA > cut-off were clearly
separate both in men and women.
FIGURE 2 Kaplan–Maier curves of survival according to being or being not over the cu
Values of P indicate statistical difference vs. reference. NS: not significant. sCr, serum cre

Journal of Hypertension
Analysis of the quintiles of serum uric acid/
serum creatinine
In the five quintiles of SUA/sCr, the univariate putative
prognostic cut-off values of SUA/sCr in relation to CV
events were progressively increasing (>3.08 in 1st quintile,
>4.87 in the 2nd, >5.35 in the 3rd, >6.22 in the 4th, and
>7.58 in the 5th). The results of the ROC curves and
analyses are shown in Figure 3s, Supplemental Digital
Content, http://links.lww.com/HJH/C93 and in Table 5s,
Supplemental Digital Content, http://links.lww.com/HJH/
C93, respectively.

When these cut-off values were used in multivariate Cox
analyses adjusted for confounders, being over the cut-off
positively and increasingly predicted CV events in the 3rd
(HR 1.21, 95% CI 1.032–1.467, P¼ 0.018), 4th (HR 1.294,
95% CI 1.101–1.521, P¼ 0.002) and 5th quintile (HR 1.642,
95% CI 1.405–1.919, P< 0.0001) using 1st quintile as refer-
ence, while the 2nd quintile of SUA/sCr had the same risk
than the reference (Fig. 3). The value of SUA/sCr>5.35
corresponding to the 3rd quintile was the threshold over
t-off of SUA/sCr in men and women. NS: nonsignificant difference between sexes.
atinine; SUA, serum uric acid.

www.jhypertension.com 183
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FIGURE 3 HRs of having SUA/sCr>cut-off in the quintiles of SUA/sCr. The 1st quintile is the reference. The 3rd, 4th and 5th quintiles are different from reference. sCr,
serum creatinine; SUA, serum uric acid.
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which being over the cut-off had an increasing prognostic
role.

When eGFR was added to the analysis as a putative
confounder it was rejected from the model.

Kaplan–Meier curves in after stratification according to
cut-off of SUA/sCr in quintiles of SUA/sCr, in men and in
women are shown in Fig. 4. The curves of participants
having SUA/sCr � cut-off and SUA/sCr > cut-off were
clearly separate.

DISCUSSION

First of all, the results of this present analysis confirm that
SUA is an independent risk factor for CV events in a long
follow-up also after indexing for renal function. This is
consistent with a series of studies showing a positive
FIGURE 4 Kaplan–Maier curves of survival according to being or being not over the cut
null hypothesis vs. the reference. NS: nonsignificant difference. sCr, serum creatinine; SU

184 www.jhypertension.com
association of incident CV events with SUA as a continuous
variable, as well as with being over a well defined prog-
nostic value of SUA [3–8].

This paper particularly takes into consideration the
indexing of SUA to renal function represented by sCr. Since
both SUA and sCr are expressed in the same unit of
measurement (mg/dl), the SUA/sCr derivative variable is
a-dimensional, that is purely numerical. SUA/sCr represents
not only the result of an indexing but a novel item that can
be treated in epidemiological setting as a new variable. We
demonstrated SUA/sCr, when used as a continuous item,
was a CV risk indicator both in men and women. This
focused on the importance of taking into account renal
function when using SUA as a risk factor in epidemiological
setting. Neglecting this detail represents a severe bias and
can lead to misleading results.
-off of SUA/sCr for each quintile of SUA/sCr. Values of P represent rejection of the
A, serum uric acid.

Volume 41 � Number 1 � January 2023
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More importantly, up to date no prognostic cut-off
values of SUA/sCr were known, that is, it was impossible
to know if being over a certain value of SUA/sCr could lead
to premature incident CV events. We demonstrated that
precise cut-off values of SUA/sCr exist in the whole cohort,
and separately in men and women. Participants being over
the cut-off show higher prevalence of CV events during the
follow-up. Not only this, but different (and increasing) cut-
off exist with increasing SUA/sCr.

In the present analysis, the prognostic cut-off value of
SUA/sCr able to identify the Participants at risk of develop-
ing premature CV events was more than 5.35 in the whole
cohort, in men and in women: being over the cut-off,
significantly led to HR >1 of developing a CV event in
both sexes. This is undoubtedly the first report of a defined
prognostic cut-off value of SUA predicting CV risk. Al-
though it has been suggested that SUA is a better predictor
of CV events than the SUA/sCr ratio [15], our protocol does
not allow to clarify if there is any therapeutic implication to
apply SUA/sCr rather than SUA for detection of CV risk in
clinical setting.

On the contrary, this simply means that indexing for
renal function is the right and necessary way to proceed
when considering SUA a risk indicator, and that not index-
ing it to sCr, that is, not considering renal function, leads to
falsely more optimistic results when using SUA as a CV
prognostic marker.

Concerning sex, the literature suggests that a difference
exists between men and women as regards SUA [1]. In our
data, SUA/sCr>5.35 was the prognostic cut-off in the whole
database, in men in women, confirming that, also after
indexing for renal function, gender is a nonsignificant source
of heterogeneity when SUA is considered as a risk factor.

In the continuation of the analysis, we wanted to see if
SUA/sCr ratio was a constant value or if it varied with
varying SUA/sCr. As a matter of fact, the cut-off values
increased as the ratio increased, being higher in the higher
than in the lower quintiles. Not only that, but when the cut-
off values were used to divide, in every quintile, the
participants destined and those not destined to develop a
higher incidence of CV events in Cox models, we observed
that the specific cut-off was valid only for the three higher
quintiles, i.e. for values of SUA/sCr >5.35 (third quintile),
while in the second quintile the risk was that of the first used
as reference. In other words, being over the cut-off repre-
sents an increasing CV risk if the SUA/sCr ratio is over 5.35.

It is noteworthy that, when eGFR as a further marker of
renal function was added to the Cox models having SUA/
sCr as predictive variable, the results did not change sig-
nificantly. This demonstrates that sCr is a sufficient and
adequate indicator of the function of the kidneys. This is
good, because sCr is easier to use in clinical practice and,
unlike eGFR, it is directly measured variable, not calculated
using other parameters according to empirical algorithms.

The main strength of the study described here is to have
determined for the first time on a large population sample a
prognostic cut-off of the SUA/sCr variable capable of pre-
dicting the incidence of cardiovascular events, and to have
shown that it is dynamic and increases when SUA/sCr
increases. A weakness of the study is that it did not take
into account the eco-genetic context [23], which will have to
Journal of Hypertension
be considered in subsequent studies, and that the URRAH is
not strictly a population-based study, but rather a cohort
study of data collected on a regional basis in the entire
Italian territory. On the other hand, the collected database
represents the largest number of Italian cases ever collect-
ed, and to our knowledge there is no one more represen-
tative of the Italian situation. Furthermore, the present
analysis was limited to Italian people and its results cannot
be directly applied to other ethnicities. In Chinese [24,25]
and Japanese people [26], a simple association between the
continuous variable SUA/sCr ratio and other CV risk factors
was found, and Mazidi et al. [12], in a paper then with-
drawn, described in the United States an association be-
tween the ratio as a continuous variable and mortality. On
the other hand, to our knowledge, no paper defined cut-off
values of the SUA/sCr ratio able to identify individuals at
higher cardiovascular risk. A strength of our study is to have
defined clear prognostic cut-off identified by the ROC
curves methods and validated in multivariate models, able
to stratify participants at higher CV risk.

In conclusion, the SUA/sCr ratio is more complete than
SUA alone in predicting CV risk, as it includes the weight of
renal function which is intimately linked to SUA. A clear and
defined cut-off exists for SUA/sCr (>5.35), and in the frame
of a nationwide study is able to stratify individuals destined
to experience incident CV events during a long-lasting
follow-up from those destined to be events-free. This
cut-off, good for the whole cohort, is a dynamic value
which tends to increase with increasing SUA/sCr when
over 5.35. The SUA/sCr ratio is therefore qualifying itself
as a low-cost reliable marker of CV risk and should be used
systematically in epidemiological setting as well as in clini-
cal practice to screen individuals at higher risk.
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