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ABSTRACT
Objective. &KURQLF� LQÁDPPDWLRQ�� DV�
seen in gout, may contribute to an in-
creased risk of developing cardiovas-
cular (CV) events (CVE). The aim of the 
study was to explore the effect of adding 
JRXW�DV�D�FKURQLF�LQÁDPPDWRU\�GLVHDVH�
to the Dutch SCORE, a tool predicting 
10-year CV mortality and morbidity.
Methods. This was a cross-sectional 
substudy including new patients with 
gout according the 2015 EULAR/ACR 
FODVVLÀFDWLRQ�FULWHULD�ZKR�KDG�SDUWLFL-
pated in a trial on diagnostic accuracy 
of DECT with mono or oligoarthritis. 
Patients underwent a structured CV 
consultation, including assessment of 
CVE-history and of CV risk factors 
with the Dutch risk prediction SCORE.    
Chi-square test for trends was used to 
WHVW� IRU� VLJQLÀFDQFH� UHFODVVLÀFDWLRQ� RI�
the CV risk before and after adding 
gout to the Dutch SCORE.
Results. Seventy-six gout patients were 
included. SCORE was applied in 60 
patients; 16 patients had experienced 
a prior CVE. The 10-year risk scores 
without gout as risk factor were high 
in 29 patients (48.3%), moderate in 
6 (10%) and low in 25 (41.7%); with 
gout, the risk of 23/60 patients (38.3%) 
ZDV� UHFODVVLÀHG� IURP� ORZ� WR�PRGHUDWH�
in 6 patients (10%), from low to high in 
11 (18.3%) and from moderate to high 
in 6 (10%), p<0.001 for trend.
Conclusion. Adding gout to the risk 
SUHGLFWLRQ� WRROV� OHG� WR� VLJQLÀFDQW� DQG�
FOLQLFDOO\� UHOHYDQW� UHFODVVLÀFDWLRQ� RI�
CV risk in new gout patients. Studies 
with large follow-up are warranted to 
YDOLGDWH�WKHVH�ÀQGLQJV�

Introduction
It is well established that gout is asso-
ciated with an increased risk of cardio-
vascular disease (CVD) (1, 2) and likely 
UHODWHV� WR� SHUVLVWHQW� LQÁDPPDWLRQ� ����
����$V� LQÁDPPDWLRQ�SUHVHQW� LQ�FKURQLF�
diseases such as rheumatoid arthritis 
(RA), gout, diabetes is a contributor to 
the hallmark oxidative stress associated 
with most CVD (5), gout would be a 
CV risk factor comparable to RA and 
diabetes. In a study in new gout patients 
�����WKRVH�LQLWLDOO\�QRW�FODVVLÀHG�DV�¶YHU\�
high’ risk underwent carotid ultrasound; 
56% had their risk upgraded, and 46% 

moved in the very high risk stratum, 
based on atheroma plaque. The Europe-
an League Against Rheumatism recom-
mends treating gout as soon as possible 
after diagnosis to prevent gout attacks, 
and possibly cardiovascular events 
(CVE) (7). 
,Q�WKH�'XWFK�6&25(������D�PRGLÀFDWLRQ�
of the Systematic Coronary Risk Evalu-
ation (SCORE), estimating the 10-year 
risk of fatal and nonfatal CVD (6), RA 
is a risk factor because of its chronic in-
ÁDPPDWRU\�DFWLRQ��EXW�JRXW�LV�QRW�
The objective of this study was to ex-
plore the theoretical effect of adding 
gout as risk factor to the Dutch SCORE 
for patients with gout.

Methods
Study subjects
Seventy-six patients from a study on ac-
curacy of dual energy-CT (DECT) with 
undifferentiated mono and oligoarthritis 
��²��VZROOHQ�MRLQWV��ZKR�ZHUH�FODVVLÀHG�
with gout according the 2015 EULAR/
$&5�JRXW�FODVVLÀFDWLRQ�FULWHULD������EH-
tween 1 April 2016 and 30 September 
����� DW� WKH� 5KHXPDWRORJ\� RXWSDWLHQW�
clinic of the Meander Medical Center, 
The Netherlands, were included in the 
current substudy. The study was con-
ducted according to the ethical princi-
ples of the declaration of Helsinki and 
approved by the Medical Research 
Ethics Committee - United on research 
involving human subjects (MEC-U) at 
Nieuwegein, the Netherlands and is reg-
istered at the trial register of the Neth-
HUODQGV� �175�� ZLWK� QXPEHU� ����� DQG�
at the ClinicalTrials.gov with number 
1&7���������� $OO� LQFOXGHG� VXEMHFWV�
provided informed consent. 

Material and methods
Gender, age, body length and weight, 
joint symptom duration, conventional 
CV risk factors (CRF), CVE (via re-
view of medical records), and serum 
urate levels) were assessed; for details, 
see Supplementary Table S1. 

*RXW�FODVVLÀFDWLRQ�FULWHULD
These criteria consist of clinical symp-
toms and signs, detection of urate cris-
WDOV�LQ�MRLQW�ÁXLG�DQG�'(&7�UHVXOWV������
Testing of Syncytial Fluid (SF) with 
polarisation microscopy was performed 
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on all samples. Two experienced rheu-
matologists performed this examination 
within one hour of sample acquisition. 
$� GHÀQLWH� GLDJQRVLV� RI� FU\VWDO� SURYHQ�
gout was made if needle-shaped, nega-
tively birefringent crystals were seen 
(9), For DECT, subjects were scanned 
within 6 weeks of joint aspiration. 
Scans of index joint and, in addition, of 
hands/wrists, feet/ankles, and knees, all 
bilaterally, were performed. The tech-
nical details of our imaging method 
have been described elsewhere (10). A 
radiologist who was blinded to the sub-
ject’s polarisation microscopy results 
evaluated the images. The radiologist 
excluded artefacts known to produce 
green pixels near a joint: e.g. nail beds 
and metal prostheses, before classifying 
DECT results as positive or negative.

Cardiovascular risk assessment 
The 10-year CV risk was calculated us-
ing the Dutch SCORE table (11), which 
uses gender, age, smoking status, SBP, 
the TC:HDL ratio and rheumatic disease 
(rheumatoid arthritis). In this score, pa-
tients with a prior CVE are automatically 
FODVVLÀHG�DV�KDYLQJ�WKH�KLJKHVW�ULVN��DQG�
for patients over 70 years the score of a 
70-year-old patient is calculated. To ac-
count for RA or diabetes as risk factor, 
the Dutch CVRM guideline adds 15 
years to the actual age to calculate the 10-
\HDU�&9�ULVN��$�ULVN������LV�FODVVLÀHG�DV�
ORZ����²����DV�LQWHUPHGLDWH�DQG������
as high. Risk scores were calculated 
separately without gout and after adding 
gout to the algorithm, based on hypothe-
sis that gout is an independent risk factor 
for CVE, with an overall impact similar 
to that of RA or diabetes. According to 
the Dutch CVRM guideline, preventa-
tive treatment with an antihypertensive 
drug or statin is indicated in high risk 
patients with a systolic blood pressure 
>140mmHg or an LDL>2.5 mmol/l. 
In addition, the 10-year CV mortal-
ity risk was calculated using the Euro-
pean Systematic Coronary Evaluation 
�6&25(���VWUDWLÀHG�DV�ORZ��������PRG-
erate (1-4%); high (5–9%) and very high 
(>9%) (12).

Statistical analysis
Standard descriptive statistics were 
used: numerical data are given as mean 

and standard deviation (SD) if normally 
distributed, or as median and interquar-
tile range (IQR) in case of skewed dis-
tribution, and categorical variables as 
frequencies and percentages. Chi-square 
trend test was used to compare the CV 
ULVN� VWUDWLÀFDWLRQ� EHIRUH� DQG� DIWHU� DGG-
ing gout to the risk tool. Differences in 
patient characteristics between reclassi-
ÀHG� DQG� QRQ�UHFODVVLÀHG� SDWLHQWV� ZHUH�
assessed through Student-t, Mann-Whit-
ney U, dependent of normal distribu-
tion or not, and chi-square, or Fisher’s 
exact tests. Statistical analyses were 
performed using SPSS for Windows, v. 
22.0 (SPSS Inc., Chicago, IL, USA). A 
p-value <0.05 was considered as statisti-
FDOO\�VLJQLÀFDQW�

Results
Seventy-six patients with new gout ac-
cording to the EULAR/ACR 2015 clas-
VLÀFDWLRQ� FULWHULD� ZHUH� LQFOXGHG�� SD-
tients’ characteristics are summarised 
in Table I. Median symptom duration 
suggestive of intermittent gout was 12 
PRQWK��,45����²�����)LIW\�WKUHH�������
subjects had MSU crystal proven gout. 
6L[W\�IRXU� ������ VXEMHFWV� KDG� D� SRVL-
tive DECT result.

&9�ULVN�VWUDWLÀFDWLRQ�
The Dutch SCORE was applied to 60 
patients (79%) as all other 16 patients 
(21%) had a history of CVE, classifying 
them in the highest risk score, which pro-
KLELWV�UHFODVVLÀFDWLRQ��0HGLDQ�ULVN�VFRUH�
ZDV� ���� �,45� �²������ 7KH� ���\HDU�
risk scores were high in 29/60 patients 
�������PRGHUDWH�LQ���������DQG�ORZ�LQ�
25 (42%). After adding gout as risk fac-
WRU��WKH�ULVN�RI�������SDWLHQWV�������ZDV�
upgraded: from low to moderate in 6 
patients (10%), from low to high in 11 
������ DQG� IURP�PRGHUDWH� WR� KLJK� LQ���
(10%). Figure 1 shows the CV risk re-
FODVVLÀFDWLRQ��ZKLFK� LV� VWDWLVWLFDOO\� VLJ-
QLÀFDQW��p<0.001 for trend test); before 
UHFODVVLÀFDWLRQ�� ������ SDWLHQWV� ������
were at high CV risk level and after re-
FODVVLÀFDWLRQ��������SDWLHQWV�������
7KH�SDWLHQWV�ZLWK�&9� ULVN� UHFODVVLÀFD-
WLRQ� KDG� D� VLJQLÀFDQWO\� KLJKHU� %0,�
(p=0.04), used antihypertensive and 
hypolipidaemic drugs less frequently 
(p=0.02 and 0.04, respectively) and 
ZHUH� VLJQLÀFDQWO\� \RXQJHU� �p=0.01). 

Frequency of diabetes, smoking hab-
its and lipid levels did not differ sig-
QLÀFDQWO\� EHWZHHQ� WKH� UHFODVVLÀHG� HQ�
QRW� UHFODVVLÀHG� SDWLHQWV� JURXS� �IRU� GH-
tails see Suppl. Table S2). According 
to the European SCORE, the 10-year 
CV mortality risk score was very high 
in 3/60 patients (5%), high in 15/60 
patients (25%), moderate in 34/60 pa-
WLHQWV� ������ DQG� ORZ� LQ� ����� SDWLHQWV�
(13%). After adding gout as risk factor, 
by multiplying the score by 1.5 accord-
ing to guidelines (13), the risk of 23/60 
SDWLHQWV� ������ ZDV� UHFODVVLÀHG�� IURP�
PRGHUDWH� WR�KLJK�LQ����SDWLHQWV��������
from high to very high in 12 (20%).

Discussion
After adding gout as risk factor to the 
'XWFK�6&25(��������������RI�SDWLHQWV�
with new gout according to the 2015 
(8/$5�$&5�FODVVLÀFDWLRQ�FULWHULD�KDG�
WKHLU�&9�ULVN�XSJUDGHG��������������RI�
the patients moved into the high-risk 
class. The patients group who did not 

Table I. Characteristics of included patients 
 
 Total  (n=76)

Age in years, mean (SD) 61.4  (14.3)
0DOH� ����������
BMI, kg/m2��PHDQ��6'� �����������
CV risk factors present 
   Hypertension 42  (55.3)
   Diabetes mellitus 13  (17.1)
   hypercholesterolaemia 64  (72)
   Smoking habit (n=73) 9  (12)
History of CV disease 
���&RURQDU\�KHDUW�GLVHDVH� ���������
    Peripheral artery disease 2  (2.6)
���6WURNH� ��������
GFR <60 ml/min 10  (13.1)
Use of medication 
   diuretics 19  (25)
���WUHDWPHQW�IRU�K\SHUWHQVLRQ�� ����������
   hypolipidaemic treatment 33  (43.4)
   antidiabetic treatment  10  (13.2)
Lipid spectrum 
    TCh, mmol/l, mean (SD) 5  (1.2)
    TG, mmol/l, median (IQR) 1.9  (1.5-2.7)
    HDL, mmol/l, mean (SD) 1.7  (0.3)
    LDL, mmol/l, mean (SD) 3  (0.9)
Urate burden 
serum urate, mmol/l, mean (6'�� �������������

'DWD�VKRZQ�DV�Q�����XQOHVV�RWKHUZLVH�VSHFLÀHG��
BMI: body mass index, calculated as 
weight:(height)2; CV: cardiovascular; GFR: glo-
PHUXODU� ÀOWUDWLRQ� UDWH��+'/F�� KLJK�GHQVLW\� OLSR-
protein cholesterol; LDLc: low-density lipopro-
tein cholesterol; SUA: serum uric acid; TCh: total 
cholesterol; TG: triglycerides; DECT: dual-energy 
computed tomography. 
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have their risk upgraded used antihyper-
tensive and hypolipidaemic treatment 
more often, lowering the risk of pres-
ence of the traditional CV risk factors, 
i.e. hypertensive and hyperlipidaemic 
VWDWHV��UHVSHFWLYHO\��7KH�QRQ�UHFODVVLÀHG�
patients were also older; an explanation 
is that in the higher risk group before 
UHFODVVLÀFDWLRQ�� SDWLHQWV� SUHGRPLQDQWO\�
were old, prohibiting many older pa-
tients to be upgraded more (ceiling ef-
fect). Our results that the Dutch SCORE 
FODVVLÀFDWLRQV�ZHUH�XSJUDGHG�ZKHQ�LQ-
cluding gout as risk factor corroborate 
with the results of SCORE for the 10 
year CVE mortality risk, when taking 
gout as risk factor into account. 
In another study in patients with new 
gout diagnosis (6), 142 patients not ini-
WLDOO\�FODVVLÀHG�DV�very high risk under-
ZHQW�FDURWLG�XOWUDVRXQG�����������KDG�
their risk upgraded, 66 (46%) moved 
in the very high risk stratum, based on 
atheroma plaques.
2XU� ÀQGLQJV� LQGLFDWH� WKDW� LI� JRXW� LV� D�
CV risk factor comparable to RA, the 
consequences are clinically very rel-
HYDQW��RXU�ÀQGLQJV�UHLQIRUFH�WKH�UHFRP-
mendation to screen gout patients at di-
agnosis. The goal is to prevent the onset 
of CVE in patients with gout.
There are limitations to our study. First, 
the relatively small sample size with 
relatively low statistical power and 
the cross sectional design. Second, our 
study was based on the hypothesis that 
gout is an independent risk factor for 
CVE, with an overall impact similar to 
that of RA and diabetes (14). A long-
term prospective study after the diagno-

sis of gout assessing the incidences of 
&9(�DQG�YDOLGDWLQJ�WKH�UHFODVVLÀFDWLRQ�
would be warranted. 
A strength of our study is that we high-
lighted the clinical relevance of consider-
ing gout as CV risk factor comparable to 
RA in patients with new gout diagnosis. 
In RA patients in whom CVD risk is 
substantially elevated compared with 
the general population (15), anti-rheu-
matic treatment lead to switch in CV 
risk category and preventive treatment 
advice in 13% of the patients in a recent 
study (16). The presence of gout should 
alert physicians to screen, diagnose, and 
promptly treat cardiovascular risk fac-
tors (hypertension, hyperlipidaemia) in 
addition to treat gout early.

Conclusion
Adding gout as risk factor to the Dutch 
risk prediction tool leads to relevant re-
FODVVLÀFDWLRQ�RI�&9�ULVN��6WXGLHV�ZLWK�
large follow-up are warranted to vali-
date our results. 

Acknowledgements
This study was made possible by the 
collaborative efforts of doctors, nurses, 
and administrators at the recruiting hos-
pital. We thank everyone who contrib-
uted their time and expertise, in particu-
lar the study participants. Their input 
and understanding were important in 
ensuring the success of this study.

References
  1. KRISHNAN E, BAKER JF, FURST DE, SCHU-

MACHER HR: Gout and the risk of acute 
myocardial infarction. Arthritis Rheum 2006; 
������������

  2. CHOI HKM, CURHAN GM: Independent im-
pact of gout on mortality and risk for coro-
nary heart disease. Circulation 2007; 116: 
��������

  3. PASCUAL E: Persistence of monosodium 
XUDWH�FU\VWDOV�DQG�ORZ�JUDGH�LQÁDPPDWLRQ�LQ�
WKH�V\QRYLDO�ÁXLG�RI�SDWLHQWV�ZLWK�XQWUHDWHG�
gout. Arthritis Rheum 1991; 34: 141-5.

  4. PUNZI L, SCANU A, SPINELLA P, GALOZZI P, 
OLIVIERO F��2QH�\HDU�LQ�UHYLHZ�������JRXW��
Clin Exp Rheumatiol 2019; 37: 1-11.

  5. KAPTOGE S, SESHASAI SRK, GAO et al.:        
,QÁDPPDWRU\�F\WRNLQHV�DQG�ULVN�RI�FRURQDU\�
heart disease: new prospective study and up-
dated meta-analysis. Eur Heart J 2013; 35: 
�������

  6. ANDRES M, BERNAL JA, SIVERA F et al.: 
Cardiovascular risk of patients with gout 
seen at rheumatology clinics following a 
structured assessment. Ann Rheum Dis 2017; 
76: 1263.

  7. RICHETTE P, DOHERTY M, PASCUAL E et al.: 
2016 updated EULAR evidence-based rec-
ommendations for the management of gout. 
Ann Rheum Dis 2017; 76: 29.

�����NEOGI T, JANSEN TLT, DALBETH N et al.: 
�����*RXW� FODVVLÀFDWLRQ�FULWHULD�� DQ�$PHUL-
can College of Rheumatology/European 
League Against Rheumatism collaborative 
initiative. Ann Rheum Dis�������������������

  9. WALLACE SL, ROBINSON H, MASI AT, DECK-
ER JL, MCCARTY DJ, YU TF: Preliminary cri-
WHULD�IRU�WKH�FODVVLÀFDWLRQ�RI�WKH�DFXWH�DUWKUL-
tis of primary gout. Arthritis Rheum 1977; 
������������

10. GLAZEBROOK KN, GUIMARAES LS, MUR-
THY NS et al���,GHQWLÀFDWLRQ�RI�LQWUDDUWLFXODU�
and periarticular uric acid crystals with du-
al-energy CT: initial evaluation. Radiology 
2011; 261: 516-24.

11. VAN DIS I, KROMHOUT D, GELEIJNSE JM, 
BOER JMA, VERSCHUREN WMM: Evaluation 
of cardiovascular risk predicted by differ-
ent SCORE equations: The Netherlands as 
an example. Eur J Cardiovasc Prev Rehab 
2010; 17: 244-9.

12. CONROY RM; ON BEHALF OF THE SCORE PRO-
JECT GROUP: Estimation of ten-year risk of 
fatal cardiovascular disease in Europe: the 
SCORE project. Eur Heart J ��������������
1003.

13. AGCA R, HESLINGA SC, ROLLEFSTAD S et 
al.: EULAR recommendations for cardio-
vascular disease risk management in patients 
with rheumatoid arthritis and other forms of 
LQÁDPPDWRU\�MRLQW�GLVRUGHUV������������XS-
date. Ann Rheum Dis 2017; 76: 17.

14. SINGH JA, RAMACHANDARAN R et al.:         
Is gout a risk equivalent to diabetes for stroke 
and myocardial infarction? A retrospective 
claims database study. Arthritis Res Ther 
��������������

15. MARTÍN-MARTÍNEZ MA, CASTAÑEDA S, 
GONZÁLEZ-JUANATEY C et al.: Incidence of 
ÀUVW�FDUGLRYDVFXODU�HYHQW�LQ�6SDQLVK�SDWLHQWV�
ZLWK� LQÁDPPDWRU\� UKHXPDWLF� GLVHDVHV�� SUR-
spective data from the CARMA project. Clin 
Exp Rheumatiol 2019; 37: 731-39.

16. TURK SA, HESLINGA M, TWISK J et al.: 
Change in cardiovascular risk after initiation of 
anti-rheumatic treatment in early rheumatoid 
arthritis. Clin Exp Rheumatiol 2019; 37: 513.

Fig. 1. &DUGLRYDVFXODU��&9��ULVN�VWUDWLÀFDWLRQ�RI�LQFOXGHG�QHZ�GLDJQRVHG�JRXW�SDWLHQWV��
Left light grey bars in each category show the risk before adding gout to the Dutch SCORE, while right 
dark grey bars show the CV risk after adding gout to the Dutch SCORE, mentioning how many patients 
moved in a higher category. 
Data shown as number of patients per each subgroup and percentage of total sample.


