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Abstract

Background: Hyperuricemia is closely associated with cardiovascular disease (CVD). However, it has not been
definitively established whether this association is independent of traditional cardiovascular risk factors (CVRFs) and
whether it is gender-dependent. The aim of this study was to investigate in a population-based cohort (age range,
50–64 years) stratified by sex the association between the serum urate (SU) concentration and subclinical
atherosclerosis, as reflected in the coronary artery calcification (CAC) score, common carotid intima-media thickness
(CIMT), and carotid plaque score.

Methods: The study involved participants in the Swedish CArdioPulmonary bioImage Study (SCAPIS) Pilot cohort
(N = 1040; 48.8% males). This pilot cohort is part of the large population-based SCAPIS with 30,000 participants in
the age range of 50–64 years, aimed at improving risk prediction for CVD. Subjects with a self-reported previous
history of CVD (N = 68) or gout (N = 3) were excluded. The CAC score was assessed with the Agatston method
using computed tomography. CIMT and carotid plaques were quantified by ultrasound. The associations between
the SU quartiles and different levels of CAC, CIMT, and carotid plaques were assessed by multivariable logistic
regression.

Results: Age, BMI, education level, smoking, physical activity, hs-CRP, hypertension, and dyslipidemia showed no
differences between males and females, while CAC (score > 0) and diabetes were both twice as common in men
than in women (58% vs 26% and 8% vs 4%, respectively). Higher SU quartiles were in both sexes associated with
BMI, hs-CRP, and the prevalence of hypertension, and in women, they were also associated with the prevalence of
dyslipidemia. The three upper quartiles of SU (>308μmol/L) were linked to higher CAC scores in men, when
adjusting for CVRFs, but not in women. CIMT and carotid plaques showed no correlation to SU in either sex.

Conclusions: Higher levels of SU are associated with the presence of CAC in men but not in women, whereas SU
is not associated with CIMT or carotid plaques in either men or women. This implies that the biological effects of
SU differ in men and women or that SU has varying effects on different vascular beds or during the different stages
of the atherosclerotic process.
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Background
Urate levels and cardiovascular risk
Hyperuricemia is closely associated with cardiovascular
disease (CVD), although it has not been definitively
established whether this is due to covariation with the
traditional cardiovascular risk factors (CVRFs) or a
causative role of its own [1]. High levels of serum urate
(SU) have been identified as an independent risk factor
for hypertension (HT) [2], an association that is also
supported by experimental studies [3]. In addition,
higher levels of SU are also strongly linked to metabolic
syndrome (MS), hyperlipidemia, reduced kidney func-
tion, higher BMI, and more advanced age [1]. Further-
more, higher levels of SU are seen in men than in
women [1].

Prediction of cardiovascular risk
Accurate assessment of atherosclerosis in its subclinical
phase has important implications for early intervention
and management. The European Society of Cardiology
[4] and the American Heart Association [5] both recom-
mend coronary artery calcification (CAC) score as a
complement to risk prediction for individuals who have
no known CVD, but who carry an intermediate risk of
myocardial infarction (MI) or cardiovascular (CV) death.
The detection of CAC using computed tomography
(CT) scanning is highly predictive of the presence of his-
topathologic atherosclerosis [6], and the extent of calcifi-
cation correlates strongly with the presence of carotid
plaques [7]. Ultrasound of the carotid artery that identi-
fies increases in the carotid intima-media thickness
(CIMT) and carotid plaques has been shown to predict
increased risk of CVD [8–10].
Associations between the SU concentration and sub-

clinical atherosclerosis, as reflected by CAC score,
CIMT, and carotid plaque score, have previously been
studied but have produced conflicting findings. In-
creased SU levels were shown to be associated with
greater risk for CAC development and progression in
some previous studies [11–21], although not in others
[22–24]. Regarding the relationship between SU and
CIMT, an independent association has been reported in
some studies [17, 25–31], whereas other studies have
showed no such correlation [32, 33]. In addition, studies
that have examined the relationship between increased
SU levels and carotid plaque scores have demonstrated
an independent association [34, 35].
The Swedish CArdioPulmonary bioImage Study (SCA-

PIS) is a large, population-based study that has been ini-
tiated in Sweden with the aims of improving risk
prediction for CVD and optimizing the ability to study
disease mechanisms. SCAPIS has recruited 30,000 sub-
jects in the age range of 50–64 years, randomly selected
from the Swedish population register. The study design

is described in detail elsewhere [36]. The SCAPIS Pilot,
used in the present study, is the first part of SCAPIS; it
was conducted at Sahlgrenska University Hospital in
Gothenburg, Sweden, in 2012 to test the design of the
larger study.
The aim of the present study was to investigate the as-

sociations between SU levels and three markers of sub-
clinical atherosclerosis, i.e., CAC, CIMT, and carotid
plaques, with stratification according to gender.

Methods
This was a population-based, cross-sectional analysis to
examine the possible association between SU and sub-
clinical atherosclerosis in patients who participated in
the SCAPIS Pilot.
All the participants gave written informed consent on

their first visit. Ethical approval for this study was
granted by the Ethical Review Board of Gothenburg and
the Ethical Review Board of Umeå, Sweden (permit no.
673-16).

Study population
This study was conducted on individuals who partici-
pated in the SCAPIS Pilot. In this pilot study, a ran-
domly selected population sample from the Western
Sweden Health Care Region (WSHCR), consisting of
2243 adults in the age range of 50–64 years, was selected
from the census register. Of the selected persons, 1111
subjects agreed to participate (50% participation rate). A
particularly low participation rate was seen for individ-
uals who were born outside Europe, were living alone in
an area with low socioeconomic status, had a low level
of education, found themselves outside the labor market,
and had a low income [37]. We excluded subjects who
had gout and/or urate-lowering treatment, based on
free-text self-reported data under “other diseases/medi-
cation” (N = 3), as well as those with a previous history
of CVD (N = 68), defined as either answering positively
to the question: “Have you ever been told by a physician
that you had a myocardial infarction (MI), stroke or
presence of coronary stent?” or the detection of a
coronary stent in a CT-image. Finally, 1040 participants
were included; all of them were 50 to 64 years old at
examination.
The study subjects originated in equal proportions

from residential areas with high and low socioeconomic
status, respectively. All the study subjects responded to a
questionnaire regarding smoking habits (never, occa-
sional, previous or active), level of education (0–9 years,
10–12 years, or > 12 years), physical activity, and self-
reported health and medication. The diagnoses of hyper-
tension, diabetes, and dyslipidemia were based on self-
reported data and were defined as answering positively
to the question: “Have you ever been told by a physician
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that you have hypertension?”, “Have you ever been told by
a physician that you have diabetes?”, and “Have you ever
been told by a physician that you have dyslipidemia”, re-
spectively. Physical activity was classified according to four
levels: 1, less than 2 h per week; 2, moderate, for at least 2
h per week to induce a sweat; 3, moderate and regularly,
at least one or two times per week and for at least 30min;
and 4, regularly, at least three times per week and for at
least 30min. The levels of creatinine, high-sensitivity CRP
(hs-CRP), and SU were measured for all subjects at study
entry. Kidney function was categorized based on estimated
glomerular filtration rate (eGFR), of > 90mL/min, 60–90
mL/min, and < 60mL/min, as calculated using the Chronic
Kidney Disease Epidemiology Collaboration (CKD-EPI)
equation [38].

Measurements of subclinical atherosclerosis
Coronary artery calcification (CAC) score
The calcium content of each coronary artery was mea-
sured with CT and summed to produce a total coronary
artery calcification (CAC) score according to the Agatston
method [7, 36]. Participants were classified into three
groups according to CAC score of 0, 1–100, and > 100, re-
spectively. A total CAC score > 0 was considered to indi-
cate positivity for the presence of CAC.

Common carotid intima-media thickness (CIMT)
Atherosclerosis of the carotid arteries was assessed using a
standardized protocol with a Siemens Acuson S2000
ultrasound scanner equipped with a 9L4 linear transducer
[36]. The two-dimensional (2D) greyscale ultrasound
image was analyzed to determine the intima-media thick-
ness. CIMT was calculated as the mean of the intima-
media thicknesses of the left and right common carotid
arteries, and it was categorized as follows: < 25th percent-
ile, 25th–75th percentile, and > 75th percentile. The
CIMT > 75th percentile was considered to be positive.

Carotid plaques
The presence of plaque was defined according to the
Mannheim Consensus [39].
A plaque score was calculated by summing the largest

plaque size in each of right carotid artery, right bulb,
right internal carotid artery, left carotid artery, left bulb,
and left internal carotid artery (range, 0–24). The largest
plaque in each artery was scored as follows: 2, small
plaque; 3, moderate plaque; and 4, plaque affecting the
blood flow velocity (maximum score, 24).
Participants were categorized into three groups, ac-

cording to plaque scores of 0, 1–2, and > 2, respectively.
Any sign of carotid plaque on the ultrasound examin-
ation (plaque score > 0) was considered to be positive
for the presence of carotid plaque.

Statistical analysis
Baseline characteristics are expressed as absolute counts
and proportions for categorical variables and as means ±
standard deviations (SD) for continuous variables.
Univariable and multivariable logistic regression models

were used to assess the associations of SU with CAC,
CIMT, and carotid plaques after adjustment for age,
smoking, body mass index (BMI), eGFR, diabetes, dyslip-
idemia, hypertension, hs-CRP, physical activity level, and
education level. In the logistic regression models, CAC
score > 0, CIMT > 75th percentile, and plaque score > 0
were considered to represent pathologic findings and used
as the cutoff values for the CAC score, CIMT, and carotid
plaque score, respectively. The level of significance was set
at p < 0.05. All analyses were performed using the SAS
ver. 9.3 software (SAS Institute Inc., Cary, NC, USA).

Results
Characteristics of the participants and associations with
the level of serum urate
Among the participants, 508 (48.8%) were men (Table 1).
The mean ages were 57.7 ± 4.4 years for men and 57.5 ±
4.3 for women (Table 1). There were no significant dif-
ferences in age, BMI, hs-CRP, smoking status, hyperten-
sion, and dyslipidemia between the sexes, whereas
diabetes was twice as common in men (8% vs 4%)
(Table 1). The majority of the men (62%) had an eGFR
of 60–90mL/min, whereas the majority of the women
(88%) had an eGFR > 90mL/min (Table 1).
All the participants were stratified by gender and four

quartiles according to their SU level (Table 1). For men,
these quartiles were as follows: first, 31–307 μmol/L; sec-
ond, 308–346 μmol/L; third, 347–391 μmol/L; and fourth,
392–584 μmol/L. In women, the corresponding quartiles
were as follows: first, 143–229 μmol/L; second, 230–
262 μmol/L; third, 263–304 μmol/L; and fourth, 305–
702 μmol/L.
For both sexes, higher SU quartile values were associ-

ated with BMI (p < 0.0001 in both men and women), hs-
CRP (p = 0.007 in men and p < 0.0001 in women), and
the prevalence of hypertension (p = 0.003 in men and
p < 0.0001 in women). Higher SU quartile values were
also significantly associated with dyslipidemia (p = 0.019)
and lower socioeconomic status (p = 0.001) in women,
but not in men (p = 0.394 for dyslipidemia and p = 0.879
for socioeconomic status) (Table 1, Additional file 1:
Table S1). The proportions of both men and women
with eGFR > 90mL/min were lower in those with higher
SU quartile values, whereas the proportions with moder-
ately reduced kidney function (i.e., eGFR in the range of
60–90mL/min) were higher. The highest level of phys-
ical activity was less frequently in those with higher SU
quartile values in both sexes, whereas no associations
were detected between the SU quartiles and education
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level, smoking status, and prevalence of diabetes in ei-
ther of the sexes (Table 1).

CAC
CAC was determined in all the subjects. Among the
men, 58% were CAC-positive (CAC > 0), whereas among
the women, only 26% were CAC-positive. Figure 1
shows the associations between the SU quartiles and dif-
ferent levels of CAC scores. The three upper quartiles of
SU (> 308 μmol/L) were statistically associated with the
presence of CAC in men (p < 0.05), but not in women,
when adjustments were made for age, smoking, BMI,
diabetes, dyslipidemia, hypertension, eGFR, hs-CRP,
education level, and physical activity in a multivariable
logistic regression (Table 2).

CIMT
CIMT was determined in 436 men and 475 women. Fig-
ure 1 shows the associations between the SU quartiles
and the different levels of CIMT. Comparing the SU
quartiles with CIMT, no significant association was
found in either the men or women after adjustments
were made for age, smoking, BMI, diabetes, dyslipid-
emia, hypertension, eGFR, hs-CRP, education level, and
physical activity in a multivariable logistic regression
(Table 2).

Carotid plaque
Carotid plaque was determined in 507 men and 526
women. Figure 1 shows the associations between the SU
quartiles and the different levels of plaque score. Among
the male participants, 61% had signs of carotid plaques,
whereas only 51% of the women had signs of carotid pla-
ques. When comparing the SU quartiles with the pres-
ence of carotid plaque, no significant association was
found in either the men or women after adjustments
were made for age, smoking, BMI, diabetes, dyslipid-
emia, hypertension, eGFR, hs-CRP, education level, and
physical activity in a multivariable logistic regression
(Table 2).

Discussion
In this population-based and cross-sectional pilot study
of the SCAPIS cohort, we show that higher levels of SU
are significantly associated with the presence of CAC in
men but not in women, when adjusting for traditional
CVRFs. In contrast, the levels of SU show no association
with common CIMT or carotid plaques in either men or
women.

SU and CAC
A few prospective and several cross-sectional studies
have examined the association between SU level and
CAC. All three prospective studies [12, 14, 15] have

shown that a higher SU level predicts progression of
CAC over time. In particular, Rodrigues et al. [12], in a
6-year follow-up study of 443 individuals (with type 1
diabetes, but without diagnosed coronary artery disease)
and 526 control subjects, found that the baseline level of
SU (mean, 5.6 mg/dL) predicted CAC progression in
those persons with normal renal function. The CAC-
progressors were older and had a higher CAC at baseline
than the non-progressors. The levels of SU were signifi-
cantly higher in the CAC-progressors (mean, 5.6 mg/dL;
range, 4.9–6.5 mg/dL) than in non-progressors (mean,
5.1 mg/dL; range, 4.4–5.9 mg/dL), p < 0.0001). Bjornstad
et al. [14] studied 652 adults (46% men; mean age, 37 ±
9 years for men and 36 ± 9 years for women) with type 1
diabetes at baseline and 6 years later and found that the
level of SU (concentrations at baseline, 5.6 ± 1.0 mg/dL
in men and 4.6 ± 1.0 mg/dL in women) independently
predicted the progression of CAC. Calvo et al. [15] stud-
ied 202 white and 166 Filipino postmenopausal women
without known CVD (mean SU concentration at base-
line, 262.2 μmol/L) (follow-up at 4.6 years) and found
that SU was independently associated with increased
CAC severity in Filipino women and with CAC progres-
sion in both groups. Many cross-sectional studies have
been performed, two of which included only men. San-
tos et al. [16] studied 378 Brazilian men without known
CVD (mean age, 48 years) and Zhang et al. [17] studied
3010 healthy Korean men (57% of whom were aged > 50
years). Both studies showed that SU was independently
associated with the presence of CAC (CAC > 0). Among
the remaining cross-sectional studies, Kim et al. [18]
studied 4188 Korean men and women with mean age of
53 years and mean SU concentration of 5.4 mg/dL and
showed a positive association between SU and CAC in
older males with BMI < 25 and without diabetes, hyper-
tension, smoking, or renal dysfunction. The study con-
ducted by Krishnan et al. [19] included 2498 healthy
individuals (48% men; mean age, 40 years) and showed
that SU (mean concentrations, 5.8 mg/dL in men and
4.0 mg/dL in women) independently correlated to CAC
levels, although 90% of the cohort was CAC-negative.
The study by Grossman et al. [20] included 663 individ-
uals from the CARDIA trial (85% men; mean age, 55.5
years) without known CVD and showed an independent
correlation between SU (mean concentration, 5.5 mg/dL)
and CAC. Atar et al. [21] also found an independent as-
sociation between SU and CAC in a study of 442 indi-
viduals from Turkey (77% male; mean age, 49 years; 54%
CAC-negative).
There have also been cross-sectional studies that did

not show any association between SU and CAC levels.
Coutinho et al. [22] in a study of 1107 sibships (41%
men; mean age, 58.1 years) with at least two members
who had hypertension diagnosed before the age of 60
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years showing no association between SU (mean concen-
tration, 6.0 mg/dL) and the presence or severity of CAC
in men or women when adjustment was made for trad-
itional CVRFs. Malik et al. [23] in a cohort of 208 Brazil-
ian octogenarians (78.9% women) showed no significant
difference with respect to the presence of CAC across
increasing SU tertiles in a multivariable analysis. Neogi
et al. [24] in a multicenter study of 2412 white partici-
pants recruited from American, population-based co-
horts showed that SU (mean concentrations, 6.1 mg/dL
in men and 4.7 mg/dL in women) was not associated
with CAC independently of other CVRFs.
Our results showing a non-linear association in men

and no association in women between SU and CAC are
in line with the associations, demonstrated in most other
studies. The discrepancies between the studies could
have several explanations, including publication bias
against negative results and heterogeneity with regard to
sample sizes and characteristics (age, sex, ethnicity, de-
gree of comorbidities), as well as adjustments for con-
founders in the study populations.

SU and CIMT
Several cross-sectional studies have examined the associ-
ation between SU and CIMT. In agreement with the re-
sults of the present study, Bae et al. [32] found no
differences in CIMT between non-hyperuricemic and
hyperuricemic (mean SU levels, 5.7 mg/dL in men and
4.2 mg/dL in women) groups in either men or women in
a Korean multi-rural communities cohort of 5568
healthy participants aged > 40 years (39% men; mean
ages, 61.5 years for men and 59.5 years for women),
which aimed at identifying risk factors for CVD.

Iribarren et al. [33] examined the participants in the
ARIC study (6522 women, 74% white; and 4966 men,
79% white; age range at baseline, 45–64 years) and found
no association between SU (mean concentration, 5.9 mg/
dL) and CIMT independent of other CVRFs in either
males or females. The Young Finns Study [40] of 1985
young adults (46.5% men), in the age range of 30–45
years, also reported no evidence of uric acid involvement
(mean concentrations, 330.7 μmol/L in men and
241.3 μmol/L in women) in carotid atherosclerosis, al-
though they showed that serum uric acid was linked to
cardiovascular risk markers, most notably BMI. Finally,
in a cohort study of 359 consecutive patients who were
undergoing coronary angiography and carotid ultra-
sound, De Luca et al. [41] found no association between
SU and CIMT.
In contrast, Kawamoto et al. [29] conducted a study of

1128 inpatients at a medical department (44% men;
mean ages, 68 years for men and 72 years for women)
and found that the second (4.3–5.2 mg/dL), third (5.3–
6.3 mg/dL), and fourth (6.4–10.0 mg/dL) quartiles of the
SU concentration were independently associated with
carotid atherosclerosis in men without metabolic syn-
drome, although not in women. Takayama et al. [31] in
a Japanese study of an elderly population (1579 partici-
pants; 42% men; mean ages, 78 years for men and 79
years for women) found that CIMT was significantly in-
creased in the third (5.6–6.8 mg/dL) and fourth (6.9–
16.1 mg/dL) SU quartiles in men without metabolic syn-
drome and in the fourth quartile (6.1–15.4 mg/dL) in
women without metabolic syndrome, independently of
other risk factors. Both Moltacini et al. [25] in a study of
234 postmenopausal women without a history of CVD

Fig. 1 a Associations between SU concentrations and different CAC scores in men and women. b Associations between SU concentrations and
different percentiles of CIMT in men and women. c Associations between SU concentrations and different plaque scores in the carotid arteries of
men and women
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(mean age, 56.4 years; mean SU concentration, 4.2 mg/
dL) and Zhang et al. [17] in a large study of 3010 male
Koreans found that SU was associated with CIMT inde-
pendently of other risk factors. A significant association,
after adjustment for other risk factors, was also found in
a study of 619 healthy individuals (40% men; mean age,
53 years; mean SU concentration, 4.8 mg/dL) by Cicero
et al. [27], as well as in a study of 530 individuals (60.6%
men; mean age, 58.9 years; mean SU concentration,
347 μmol/L) at increased cardiovascular risk [26].
Our results are in line with some previous studies, but

differ from others, where often the study population ei-
ther had a poorer health profile or was older.

SU and carotid plaques
A few cross-sectional studies have examined the associ-
ation between SU and carotid plaques. In contrast to our
findings, the study performed by Neogi et al. [35] with
4866 Americans (46% male; mean age, 52 years) without
risk factors related to CVD and hyperuricemia showed
an independent association between SU and carotid pla-
ques in men (mean SU concentration, 6.2 mg/dL) but
not in women (mean SU concentration, 4.8 mg/dL). In
addition, Ishizaka et al. [34] showed higher prevalences
of carotid plaques in the second (5.4–6.1 mg/dL), third

(6.2–7.0 mg/dL), and fourth (7.1–11.0 mg/dL) quartiles
of the SU concentrations in a study of 8144 Japanese
individuals without metabolic syndrome (67% male;
mean age, 56 years), whereas they found no such associ-
ation in either men with metabolic syndrome or in
women overall.
It is not clear why these results contrast with our

findings, although differences between the study popula-
tions, with regard to SU or ethnicity, are possible
explanations.

Sex differences
Regarding the differences in the association between SU
and CAC between the sexes noted in the present study,
a possible explanation is the inclusion of a higher pro-
portion of CAC-positive men (58%) than women (26%).
Another possible explanation is that men develop ath-
erosclerosis and CVD much earlier in life than women
[42]. Calcification may be regarded as a later stage of
atherosclerosis in the arteries. In the atherosclerotic
process, fatty deposits initially appear in the inner layers
of the arteries, and small cholesterol crystals are depos-
ited in the intima and its underlying smooth muscle.
The plaques grow concomitant with the proliferation of
fibrous tissues and the surrounding smooth muscle and,

Table 2 Odds ratios (OR) for SU quartiles and for being CAC-positive, CIMT-positive, and plaque-positive, stratified by sex. Data
shown are for univariable and multivariable logistic regressions, with adjustments for age, smoking, BMI, diabetes, dyslipidemia,
eGFR, hypertension, hs-CRP, physical activity, and education level

Urate
quartiles,
μmol/L

Men (N = 508) Urate
quartiles,
μmol/L

Women (N = 532)

OR, univariable p value OR, multivariable p value OR, univariable p value OR, multivariable p value

CAC examined (N = 508)a

CAC+ (N = 293)
CAC examined (N = 532)a

CAC+ (N = 137)

31–307, ref 1 1 143–229, ref 1 1

308–346 1.6 (1.0–2.7) 0.049 2.2 (1.2–4.0) 0.008 230–262 1.0 (0.6–1.8) 0.97 0.8 (0.4–1.6) 0.5

347–391 1.6 (0.9–2.5) 0.08 1.9 (1.0–3.6) 0.04 263–304 1.1 (0.6–1.9) 0.8 1.0 (0.5–1.9) 0.9

392–584 2.0 (1.2–3.4) 0.007 2.3 (1.2–4.4) 0.01 305–702 1.5 (0.9–2.6) 0.2 1.0 (0.5–2.0) 0.96

CIMT examined (N = 436)a

CIMT+ (N = 106)
CIMT examined (N = 475)a

CIMT+ (N = 117)

31–307, ref 1 1 143–229, ref 1 1

308–346 1.5 (0.8–2.7) 0.2 1.2 (0.6–2.4) 0.5 230–262 1.2 (0.6–2.2) 0.6 1.2 (0.6–2.3) 0.7

347–391 0.9 (0.5–1.7) 0.7 0.7 (0.3–1.4) 0.3 263–304 1.3 (0.7–2.4) 0.4 1.0 (0.5–2.1) 0.9

392–584 1.3 (0.7–2.5) 0.4 0.9 (0.4–1.8) 0.7 305–702 1.6 (0.9–2.9) 0.1 1.0 (0.5–2.2) 0.99

Carotid plaque examined (N = 507)a

Plaque+ (N = 308)
Carotid plaque examined (N = 526)a

Plaque+ (N = 268)

31–307, ref 1 1 143–229, ref 1 1

308–346 1.6 (0.95–2.6) 0.08 1.8 (1.0–3.2) 0.03 230–262 0.8 (0.5–1.3) 0.4 0.9 (0.5–1.6) 0.7

347–391 1.2 (0.7–1.9) 0.6 1.1 (0.6–2.0) 0.7 263–304 1.1 (0.7–1.7) 0.8 1.3 (0.7–2.2) 0.4

392–584 1.5 (0.9–2.4) 0.1 1.6 (0.9–2.9) 0.2 305–702 0,99 (0.6–1.6) 0.95 1.1 (0.6–2.1) 0.7
aThe total number of subjects, where CAC score, CIMT, and plaque score respectively, were calculated
CAC+: total CAC score > 0
CIMT+: CIMT > 75th percentile
Plaque+: plaque score > 0
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finally, connective tissue production by fibroblasts and
the deposition of calcium in the lesion result in sclerosis
and stiffening of the arteries [43]. Furthermore, men are
exposed to higher levels of SU throughout life, which
may explain the more potent effect of SU on calcifica-
tion in men, as compared to women, in whom the levels
of SU increase substantially first after menopause [44].
The gender difference in relation to the occurrence of

pathologic vascular findings was also reflected in the
higher frequency of carotid plaques in men compared to
women, at 61% vs 51%, respectively (p = 0.0004). How-
ever, SU did not correlate to CIMT or carotid plaques.
This implies that SU exerts different effects on carotid
arteries than on coronary arteries or that SU has specific
effects on the calcification process that are not related to
the initiation or early signs of atherosclerosis.

Strengths and limitations
Some possible limitations should be acknowledged. First,
there was a relatively low participation rate (50%) and
some selection bias towards higher socioeconomic levels,
which may hamper the generalizability of the outcomes.
It is known from other health surveys that study partici-
pants tend to be healthier than non-participants [37, 45].
Second, the relatively low age of the participants ren-
dered a relatively low prevalence of subclinical signs of
atherosclerosis, in particular for women. Third, due to a
lack of data, we could not provide information about the
ethnicities of the participants, although this is likely to
have had a minor impact on the results of the present
study, as the overwhelming majority of the participants
(88.2%) were born in Sweden or in other European
countries. Fourth, the diagnosis of gout was based on
free-text self-reported data, which may have resulted in
lower occurrence of gout among the participants. Fifth,
the cross-sectional design of the present analysis limits
the possibility to study the causality of the observed
associations.
The main strengths of this study are the relatively

large size of the cohort and the fact that the participants
were chosen from the census register, which guarantees
the representativeness of the study population and the
generalizability of the results.

Conclusions
In summary, in the present study, we show that higher
levels of SU are significantly associated with the pres-
ence of CAC in men in a nonlinear fashion, but not in
women. We also show that SU level is not associated
with CIMT or carotid plaques in either men or women.
These results imply different biological effects of SU in
men and women or reflect different vascular beds or
stages of the atherosclerotic process.
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1186/s13075-020-2119-0.

Additional file 1: Table S1. Education level and socioeconomic status
of the subjects stratified by gender and serum urate quartiles.

Abbreviations
BMI: Body mass index; CAC: Coronary artery calcification; CIMT: Carotid
intima-media thickness; CT: Computed tomography; CV: Cardiovascular;
CVD: Cardiovascular disease; CVRFs: Cardiovascular risk factors;
eGFR: Estimated glomerular filtration rate; hs-CRP: High-sensitivity C-reactive
protein; HT: Hypertension; MI: Myocardial infarction; MS: Metabolic syndrome;
SCAPIS: Swedish CArdioPulmonary bioImage Study; SD: Standard deviation;
SU: Serum urate; WSHCR: Western Swedish Health Care Region

Acknowledgements
Not applicable.

Authors’ contributions
GB was responsible for the study design. GB, LJ, HFdE, MD, CS, OA and PD
were responsible for data acquisition and analyses. PD wrote the initial draft
of the manuscript and all the authors have been involved in reviewing the
manuscript and revising it critically for important intellectual content. All the
authors have read and approved the final manuscript.

Funding
SCAPIS was funded by the Swedish Heart and Lung Foundation, the Knut
and Alice Wallenberg Foundation, the Swedish Research Council, and
VINNOVA (Sweden’s Innovation Agency). SCAPIS Pilot received support from
The Sahlgrenska Academy at University of Gothenburg and Region Västra
Götaland. Open access funding provided by University of Gothenburg.

Availability of data and materials
The datasets used and/or analyzed during the current study are available
from the corresponding author upon reasonable request.

Ethics approval and consent to participate
Informed consent was obtained from all the individuals who participated in
the study. All procedures involving human participants were in accordance
with the ethical standards of the institutional and/or national research
committee and conformed to the 1964 Helsinki declaration and its later
amendments or comparable ethical standards. Ethical approval for the study
was granted by the Ethical Review Board of Gothenburg and the Ethical
Review Board of Umeå, Sweden (permit no. 673-16).

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details
1Department of Rheumatology and Inflammation Research, Institute of
Medicine, The Sahlgrenska Academy at University of Gothenburg,
Sahlgrenska University Hospital, Grona Straket 12, 413 45 Gothenburg,
Sweden. 2Department of Public Health and Clinical Medicine, Rheumatology,
Umeå University, Umeå, Sweden. 3Department of Cardiology, Sahlgrenska
University Hospital, Gothenburg, Sweden. 4Department of Molecular and
Clinical Medicine, The Sahlgrenska Academy, University of Gothenburg,
Gothenburg, Sweden. 5Department of Clinical Physiology, Region Västra
Götaland, Sahlgrenska University Hospital, Gothenburg, Sweden. 6Wallenberg
Laboratory for Cardiovascular Research, Institution for Medicine, Department
of Molecular and Clinical Medicine, The Sahlgrenska Academy at Gothenburg
University, Gothenburg, Sweden.

Drivelegka et al. Arthritis Research & Therapy           (2020) 22:37 Page 8 of 10

https://doi.org/10.1186/s13075-020-2119-0
https://doi.org/10.1186/s13075-020-2119-0


Received: 14 July 2019 Accepted: 6 February 2020

References
1. Perez-Ruiz F, Dalbeth N, Bardin T. A review of uric acid, crystal deposition

disease, and gout. Adv Ther. 2015;32(1):31–41.
2. Richette P, Perez-Ruiz F, Doherty M, Jansen TL, Nuki G, Pascual E, et al.

Improving cardiovascular and renal outcomes in gout: what should we
target? Nat Rev Rheumatol. 2014;10(11):654–61.

3. Mazzali M, Kanellis J, Han L, Feng L, Xia YY, Chen Q, et al. Hyperuricemia
induces a primary renal arteriolopathy in rats by a blood pressure-
independent mechanism. Am J Physiol Renal Physiol. 2002;282(6):F991–7.

4. Montalescot G, Sechtem U, Achenbach S, Andreotti F, Arden C, Budaj A,
et al. 2013 ESC guidelines on the management of stable coronary artery
disease: the Task Force on the management of stable coronary artery
disease of the European Society of Cardiology. Eur Heart J. 2013;34(38):
2949–3003.

5. Goff DC Jr, Lloyd-Jones DM, Bennett G, Coady S, D’Agostino RB Sr,
Gibbons R, et al. 2013 ACC/AHA guideline on the assessment of
cardiovascular risk: a report of the American College of Cardiology/
American Heart Association Task Force on Practice Guidelines. J Am
Coll Cardiol. 2014;63(25 Pt B):2935–59.

6. Simons DB, Schwartz RS, Edwards WD, Sheedy PF, Breen JF, Rumberger JA.
Noninvasive definition of anatomic coronary artery disease by ultrafast
computed tomographic scanning: a quantitative pathologic comparison
study. J Am Coll Cardiol. 1992;20(5):1118–26.

7. Agatston AS, Janowitz WR, Hildner FJ, Zusmer NR, Viamonte M Jr, Detrano
R. Quantification of coronary artery calcium using ultrafast computed
tomography. J Am Coll Cardiol. 1990;15(4):827–32.

8. Stein JH, Korcarz CE, Hurst RT, Lonn E, Kendall CB, Mohler ER, et al. Use of
carotid ultrasound to identify subclinical vascular disease and evaluate
cardiovascular disease risk: a consensus statement from the American
Society of Echocardiography Carotid Intima-Media Thickness Task Force.
Endorsed by the Society for Vascular Medicine. J Am Soc Echocardiography.
2008;21(2):93–111 quiz 89-90.

9. Bots ML, Hoes AW, Koudstaal PJ, Hofman A, Grobbee DE. Common carotid
intima-media thickness and risk of stroke and myocardial infarction: the
Rotterdam Study. Circulation. 1997;96(5):1432–7.

10. O’Leary DH, Polak JF, Kronmal RA, Manolio TA, Burke GL, Wolfson SK Jr.
Carotid-artery intima and media thickness as a risk factor for myocardial
infarction and stroke in older adults. Cardiovascular Health Study
Collaborative Research Group. N Engl J Med. 1999;340(1):14–22.

11. Sun Y, Yu X, Zhi Y, Geng S, Li H, Liu T, et al. A cross-sectional analysis
of the relationship between uric acid and coronary atherosclerosis in
patients with suspected coronary artery disease in China. BMC
Cardiovasc Disord. 2014;14:101.

12. Rodrigues TC, Maahs DM, Johnson RJ, Jalal DI, Kinney GL, Rivard C, et al.
Serum uric acid predicts progression of subclinical coronary atherosclerosis
in individuals without renal disease. Diabetes Care. 2010;33(11):2471–3.

13. Wang H, Jacobs DR Jr, Gaffo AL, Gross MD, Goff DC Jr, Carr JJ. Longitudinal
association between serum urate and subclinical atherosclerosis: the
Coronary Artery Risk Development in Young Adults (CARDIA) study. J Intern
Med. 2013;274(6):594–609.

14. Bjornstad P, Maahs DM, Rivard CJ, Pyle L, Rewers M, Johnson RJ, et al.
Serum uric acid predicts vascular complications in adults with type 1
diabetes: the coronary artery calcification in type 1 diabetes study. Acta
Diabetol. 2014;51(5):783–91.

15. Calvo RY, Araneta MR, Kritz-Silverstein D, Laughlin GA, Barrett-Connor E.
Relation of serum uric acid to severity and progression of coronary artery
calcium in postmenopausal White and Filipino women (from the Rancho
Bernardo study). Am J Cardiol. 2014;113(7):1153–8.

16. Santos RD, Nasir K, Orakzai R, Meneghelo RS, Carvalho JA, Blumenthal RS.
Relation of uric acid levels to presence of coronary artery calcium detected
by electron beam tomography in men free of symptomatic myocardial
ischemia with versus without the metabolic syndrome. Am J Cardiol. 2007;
99(1):42–5.

17. Zhang Z, Bian L, Choi Y. Serum uric acid: a marker of metabolic syndrome
and subclinical atherosclerosis in Korean men. Angiology. 2012;63(6):420–8.

18. Kim H, Kim SH, Choi AR, Kim S, Choi HY, Kim HJ, et al. Asymptomatic
hyperuricemia is independently associated with coronary artery calcification

in the absence of overt coronary artery disease: a single-center cross-
sectional study. Medicine. 2017;96(14):e6565.

19. Krishnan E, Pandya BJ, Chung L, Dabbous O. Hyperuricemia and the risk for
subclinical coronary atherosclerosis--data from a prospective observational
cohort study. Arthritis Res Ther. 2011;13(2):R66.

20. Grossman C, Shemesh J, Koren-Morag N, Bornstein G, Ben-Zvi I, Grossman E.
Serum uric acid is associated with coronary artery calcification. J Clin
Hypertens. 2014;16(6):424–8.

21. Atar AI, Yilmaz OC, Akin K, Selcoki Y, Er O, Eryonucu B. Serum uric acid level
is an independent risk factor for presence of calcium in coronary arteries: an
observational case-controlled study. Anadolu kardiyoloji dergisi. 2013;13(2):
139–45.

22. Coutinho Tde A, Turner ST, Peyser PA, Bielak LF, Sheedy PF 2nd, Kullo IJ.
Associations of serum uric acid with markers of inflammation, metabolic
syndrome, and subclinical coronary atherosclerosis. Am J Hypertens. 2007;
20(1):83–9.

23. Malik R, Aneni EC, Shahrayar S, Freitas WM, Ali SS, Veledar E, et al. Elevated
serum uric acid is associated with vascular inflammation but not coronary
artery calcification in the healthy octogenarians: the Brazilian study on
healthy aging. Aging Clin Exp Res. 2016;28(2):359–62.

24. Neogi T, Terkeltaub R, Ellison RC, Hunt S, Zhang Y. Serum urate is not
associated with coronary artery calcification: the NHLBI Family Heart Study.
J Rheumatol. 2011;38(1):111–7.

25. Montalcini T, Gorgone G, Gazzaruso C, Sesti G, Perticone F, Pujia A. Relation
between serum uric acid and carotid intima-media thickness in healthy
postmenopausal women. Intern Emerg Med. 2007;2(1):19–23.

26. Wijnands JM, Boonen A, Dagnelie PC, van Greevenbroek MM, van der Kallen
CJ, Ferreira I, et al. The cross-sectional association between uric acid and
atherosclerosis and the role of low-grade inflammation: the CODAM study.
Rheumatol. 2014;53(11):2053–62.

27. Cicero AF, Salvi P, D’Addato S, Rosticci M, Borghi C. Association between
serum uric acid, hypertension, vascular stiffness and subclinical
atherosclerosis: data from the Brisighella Heart Study. J Hypertens. 2014;
32(1):57–64.

28. Riccioni G, D’Orazio N, Palumbo N, Bucciarelli V, Ilio E, Bazzano LA, et al.
Relationship between plasma antioxidant concentrations and carotid
intima-media thickness: the Asymptomatic Carotid Atherosclerotic Disease
In Manfredonia Study. Eur J Cardiovasc Prev Rehab. 2009;16(3):351–7.

29. Kawamoto R, Tomita H, Oka Y, Ohtsuka N. Relationship between serum uric
acid concentration, metabolic syndrome and carotid atherosclerosis. Int
Med. 2006;45(9):605–14.

30. Gur M, Sahin DY, Elbasan Z, Kalkan GY, Yildiz A, Kaya Z, et al. Uric acid and
high sensitive C-reactive protein are associated with subclinical thoracic
aortic atherosclerosis. J Cardiol. 2013;61(2):144–8.

31. Takayama S, Kawamoto R, Kusunoki T, Abe M, Onji M. Uric acid is an
independent risk factor for carotid atherosclerosis in a Japanese elderly
population without metabolic syndrome. Cardiovasc Diabetol. 2012;11:2.

32. Bae JS, Shin DH, Park PS, Choi BY, Kim MK, Shin MH, et al. The impact of
serum uric acid level on arterial stiffness and carotid atherosclerosis: the
Korean Multi-Rural Communities Cohort study. Atherosclerosis. 2013;231(1):
145–51.

33. Iribarren C, Folsom AR, Eckfeldt JH, McGovern PG, Nieto FJ. Correlates of
uric acid and its association with asymptomatic carotid atherosclerosis: the
ARIC Study. Atherosclerosis Risk in Communities. Ann Epidemiol. 1996;6(4):
331–40.

34. Ishizaka N, Ishizaka Y, Toda E, Nagai R, Yamakado M. Association between
serum uric acid, metabolic syndrome, and carotid atherosclerosis in
Japanese individuals. Arterioscler Thromb Vasc Biol. 2005;25(5):1038–44.

35. Neogi T, Ellison RC, Hunt S, Terkeltaub R, Felson DT, Zhang Y. Serum uric
acid is associated with carotid plaques: the National Heart, Lung, and Blood
Institute Family Heart Study. J Rheumatol. 2009;36(2):378–84.

36. Bergstrom G, Berglund G, Blomberg A, Brandberg J, Engstrom G, Engvall J,
et al. The Swedish CArdioPulmonary BioImage Study: objectives and design.
J Intern Med. 2015;278(6):645–59.

37. Bjork J, Stromberg U, Rosengren A, Toren K, Fagerberg B, Grimby-Ekman A,
et al. Predicting participation in the population-based Swedish
cardiopulmonary bio-image study (SCAPIS) using register data. Scand J
Public Health. 2017;45(17_suppl):45–9.

38. Levey AS, Stevens LA, Schmid CH, Zhang YL, Castro AF 3rd, Feldman HI,
et al. A new equation to estimate glomerular filtration rate. Ann Intern Med.
2009;150(9):604–12.

Drivelegka et al. Arthritis Research & Therapy           (2020) 22:37 Page 9 of 10



39. Touboul PJ, Hennerici MG, Meairs S, Adams H, Amarenco P, Bornstein N,
et al. Mannheim carotid intima-media thickness and plaque consensus
(2004–2006-2011). An update on behalf of the advisory board of the 3rd,
4th and 5th watching the risk symposia, at the 13th, 15th and 20th
European Stroke Conferences, Mannheim, Germany, 2004, Brussels, Belgium,
2006, and Hamburg, Germany, 2011. Cerebrovasc Dis. 2012;34(4):290–6.

40. Oikonen M, Wendelin-Saarenhovi M, Lyytikainen LP, Siitonen N, Loo BM,
Jula A, et al. Associations between serum uric acid and markers of
subclinical atherosclerosis in young adults. The cardiovascular risk in Young
Finns study. Atherosclerosis. 2012;223(2):497–503.

41. De Luca G, Secco GG, Santagostino M, Venegoni L, Iorio S, Cassetti E, et al.
Uric acid does not affect the prevalence and extent of coronary artery
disease. Results from a prospective study. Nutr Metab Cardiovasc Dis. 2012;
22(5):426–33.

42. Williams JK, Adams MR, Klopfenstein HS. Estrogen modulates responses of
atherosclerotic coronary arteries. Circulation. 1990;81(5):1680–7.

43. Otsuka F. Has our understanding of calcification in human coronary
atherosclerosis progressed? (vol 34, pg 724, 2014). Arterioscl Throm Vas.
2014;34(7):E17–E.

44. Singh JA, Reddy SG, Kundukulam J. Risk factors for gout and prevention: a
systematic review of the literature. Curr Opin Rheumatol. 2011;23(2):192–202.

45. Exarchou S, Redlund-Johnell I, Karlsson M, Mellstrom D, Ohlsson C, Turesson
C, et al. The prevalence of moderate to severe radiographic sacroiliitis and
the correlation with health status in elderly Swedish men--the MrOS study.
BMC Musculoskelet Disord. 2013;14:352.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Drivelegka et al. Arthritis Research & Therapy           (2020) 22:37 Page 10 of 10


	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Urate levels and cardiovascular risk
	Prediction of cardiovascular risk

	Methods
	Study population
	Measurements of subclinical atherosclerosis
	Coronary artery calcification (CAC) score
	Common carotid intima-media thickness (CIMT)
	Carotid plaques

	Statistical analysis

	Results
	Characteristics of the participants and associations with the level of serum urate
	CAC
	CIMT
	Carotid plaque

	Discussion
	SU and CAC
	SU and CIMT
	SU and carotid plaques
	Sex differences
	Strengths and limitations

	Conclusions
	Supplementary information
	Abbreviations
	Acknowledgements
	Authors’ contributions
	Funding
	Availability of data and materials
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Author details
	References
	Publisher’s Note

