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Abstract
Previous epidemiological studies have suggested that uric acid is an independent risk factor for incident hypertension, whereas few
studies have evaluated the effect of hyperuricemia on blood pressure control in hypertensive patients. We investigated whether
hyperuricemia predicts uncontrolled hypertension through a large-scale prospective cohort study with hypertensive patients treated
with ﬁmasartan in the Republic of Korea (the Kanarb–Metabolic Syndrome study).
Of the 10,601 hypertensive patients who were recruited from 582 private clinics and 11 university hospitals at baseline, 7725
completed the follow-up after 3 months of ﬁmasartan medication, and 6506 were included in the analysis after excluding those with
missing values. We estimated the risk of uncontrolled hypertension after 3 months (≥130/80 mm Hg in those with diabetes or chronic
renal failure and ≥140/90 mm Hg in the remaining patients) related with baseline hyperuricemia (serum uric acid ≥7 mg/dL in males
≥6 mg/dL in females) using multiple logistic regression models.
Hyperuricemia increased the risk of uncontrolled hypertension after 3 months of ﬁmasartan medication (odds ratio, 1.247; 95%
conﬁdence interval, 1.063–1.462). Males in the highest quartile of uric acid level were at a 1.322 (95% conﬁdence interval,
1.053–1.660) times higher risk of uncontrolled hypertension in reference to the lowest quartile; the same analyses in females were
not signiﬁcant. Patients without metabolic syndrome had signiﬁcantly higher odds of uncontrolled hypertension with hyperuricemia
(odds ratio, 1.328; 95% conﬁdence interval, 1.007–1.751).
Hyperuricemia predicted uncontrolled hypertension even after 3 months of ﬁmasartan treatment in hypertensive patients.
Abbreviations: BP = blood pressure, NOS = nitric oxide synthase, RAS = renin–angiotensin system, K-MetS study =
Kanarb–Metabolic Syndrome study, r-GTP = gamma-glutamyltranspeptidase, BMI = body mass index, HDL-C = high-density
lipoprotein cholesterol, LDL-C = low-density lipoprotein cholesterol, GFR = glomerular ﬁltration rate, MDRD = modiﬁcation of diet in
renal disease, OR = odds ratio, 95% CI = 95% conﬁdence interval.
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1. Introduction

This study was registered as a clinical trial in the Clinical Research Information
Service (CRIS, https://cris.nih.go.kr/cris/index.jsp), the 11th registry of World
Health Organization International Clinical Trials Registry Platform (ICTRP), in the
Republic of Korea (CRIS registry No. KCT0000529).

Hypertension is one of the most challenging issues for public
health. Its complications contribute to 9.4 million deaths among
17 million deaths from cardiovascular disease annually worldwide.[1] In 2008, ∼40% of adults aged ≥25 years globally were
diagnosed with hypertension,[2] and in the Republic of Korea, the
hypertension prevalences in males and females were 32.4% and
22.2%, respectively, in 2013.[3]
Although antihypertensive medications are considered effective for controlling blood pressure (BP), uncontrolled hypertension remains prevalent, with uncontrolled hypertension affecting
an ∼1 billion people globally,[4] 48.2% of hypertensive patients
in the United States (2011–2012),[5] and 57.5% of hypertensive
patients in the Republic of Korea (2013).[3] Uncontrolled
hypertension refers to a lack of BP control due to poor
compliance, insufﬁcient drug regimen, or drug resistance.[6] To
prevent complications of hypertension such as coronary heart
disease, stroke, and renal disease,[7,8] risk factors for uncontrolled
hypertension should be considered when establishing appropriate BP control strategies.
Despite long-standing controversy in the causal role of serum
uric acid in hypertension and cardiovascular disease, there is a
recently growing interest in serum uric acid as an independent
risk factor for incident hypertension based on numerous
prospective studies conducted in the United States, China,
Italy, and Japan.[9–15] A recent meta-analysis also reported a

Funding: the K-MetS study was funded by the Boryung Pharmaceutical
Company, Seoul, Republic of Korea. The company was not involved in study
design, data management, statistical analysis, and manuscript preparation.
The authors have no conﬂicts of interest to disclose.
Supplemental Digital Content is available for this article.
a
Department of Occupational and Environmental Medicine, Gachon University Gil
Medical Center, Incheon, b Department of Preventive Medicine, Yonsei University
College of Medicine, Seoul, c Department of Humanities and Social Medicine,
Ajou University School of Medicine, Suwon, d Department of Medicine/
Cardiology, Cheil General Hospital, Kwandong University College of Medicine,
Seoul, Korea.
∗

Correspondence: Changsoo Kim, Department of Preventive Medicine, Yonsei
University College of Medicine, Seodaemun-gu, Seoul, Korea
(e-mail: preman@yuhs.ac); Dae Ryong Kang, Department of Humanities and
Social Medicine, Ajou University School of Medicine, Yeongtong-gu, Suwon,
Korea (e-mail: drkang@ajou.ac.kr).

Copyright © 2016 the Author(s). Published by Wolters Kluwer Health, Inc. All
rights reserved.
This is an open access article distributed under the Creative Commons
Attribution License 4.0 (CCBY), which permits unrestricted use, distribution, and
reproduction in any medium, provided the original work is properly cited.
Medicine (2016) 95:28(e4177)
Received: 20 March 2016 / Received in ﬁnal form: 3 June 2016 / Accepted: 7
June 2016
http://dx.doi.org/10.1097/MD.0000000000004177

1

Cho et al. Medicine (2016) 95:28

Medicine

Kwandong University College of Medicine, on behalf of 582
primary clinics. The institutional review board committees of the
remaining 10 hospitals approved this study, and informed
consent was acquired from all participants.

dose–response relationship between hyperuricemia and incident
hypertension.[16] This relation is supported by various animal
experiments reporting that uric acid may inhibit endothelial
function by suppressing endothelial nitric oxide synthase
(NOS),[17] directly inﬂuence proliferation and migration of
vascular smooth muscle cells,[18] activate the renin–angiotensin
system (RAS), and reduce macula densa neuronal NOS in the
kidney.[19] According to one of these animal studies, decreasing
uric acid levels reduced BP in rats with pre-existing hypertension.[19] Moreover, in a clinical study, treatment of hyperuricemia
was beneﬁcial for lowering BP in adolescents with newlydiagnosed hypertension.[20] Therefore, hyperuricemia might also
induce high BP in hypertensive patients, ultimately increasing the
risk of cardiovascular disease. In practice, high serum uric acid
increased the risk of cardiovascular events in hypertensive
patients despite treatment ;[21,22] however, Alderman et al[21]
reported high-normal BP during the treatment (138.9/85.4 mm
Hg), implying that many participants might still have had high
BP, and Verdecchia et al[22] did not report the BP during
treatment. Thus, research on uncontrolled hypertension needs to
be conducted to identify the relationship between hyperuricemia
and cardiovascular events. To the best of our knowledge, studies
of the effect of hyperuricemia on BP control in hypertensive
patients have not been conducted.
In the present study, we investigated whether hyperuricemia
increases the risk for uncontrolled hypertension using a largescale prospective cohort with hypertension. Additionally, we
examined whether persistent hyperuricemia increases the risk for
uncontrolled hypertension.

2.2. Measurements
At the entry examination, we obtained information on smoking
(current smoker, ex-smoker, or nonsmoker), alcohol consumption (drinker or nondrinker), and past medical history. At the
3-month follow-up, medication compliance was evaluated by
counting pills taken by patients from the pills prescribed at
baseline and was categorized as 100%, 90% to 99%, 80% to
89%, <80%, or 0%.
Systolic BP and diastolic BP measurements were performed
with standardized methods, and BP at baseline was categorized
into optimal (systolic BP <120 mm Hg and diastolic BP <80 mm
Hg), normal (120–129 mm Hg and 80–84 mm Hg), high-normal
(130–139 mm Hg and 85–89 mm Hg), or high (≥140 mm Hg or
≥90 mm Hg) BP according to the European Society of
Hypertension guidelines.[24] Uncontrolled hypertension was
deﬁned as systolic BP ≥130 or diastolic BP ≥80 in those with
diabetes or chronic renal failure and systolic BP ≥140 or diastolic
BP ≥90 in the rest of the participants.[25] Body mass index (BMI)
was classiﬁed as underweight (<18.5 kg/m2), normal (18.5–24.9
kg/m2), or obese (≥25.0 kg/m2).[26] Waist circumference was
measured at the midpoint between the ribs and iliac crest. A high
waist circumference was deﬁned as ≥90 cm in males or ≥80 cm in
females.[27]
All blood samples were obtained after a ≥8-hour fast and were
analyzed in a central laboratory (Green Cross Reference Lab,
Republic of Korea). Blood tests included serum uric acid, r-GTP,
fasting blood glucose, total cholesterol, triglycerides, high-density
lipoprotein cholesterol (HDL-C), and low-density lipoprotein
cholesterol (LDL-C). Hyperuricemia was deﬁned as serum uric
acid ≥7 mg/dL in males and ≥6 mg/dL in females,[12,28] and we
also categorized serum uric acid levels using quartiles, separately
by sex. Dyslipidemia was deﬁned as one of following: LDL-C
≥160 mg/dL, total cholesterol ≥240 mg/dL, HDL-C <40 mg/dL
in male or <50 mg/dL in female or treated with oral medication.
Underlying cardiovascular disease consisted of ischemic heart
disease, atrial ﬁbrillation, congestive heart failure, or stroke. Preexisting diabetes was deﬁned as diagnosis by a doctor or treated
with medication. The glomerular ﬁltration rate (GFR) was
estimated using the Modiﬁcation of Diet in Renal Disease
(MDRD) formula, and the impaired renal function was identiﬁed
as an estimated GFR < 60 mL/min/1.73 m2.

2. Methods
2.1. Study participants
In the Kanarb–Metabolic Syndrome (K-MetS) study, which is
described in detail elsewhere,[23] the 10,601 hypertensive patients
®
were administered ﬁmasartan (Kanarb , Boryung Pharmaceutical Company, Korea), which is an angiotensin receptor blocker.
Brieﬂy, the K-MetS study was a multicenter (582 private clinics
and 11 university hospitals), prospective cohort study; all
participants were ≥20 years old, had never used ﬁmasartan
medication at baseline, and started ﬁmasartan use after the entry
examination, which was performed between October 2011 and
October 2012. Of the 10,601 participants, 7725 (72.9%) were
followed up for 3 months after enrollment. After excluding
participants with missing values, 6506 participants were included
in the statistical analysis. The median hypertension duration was
1.35 years (25–75th percentile, 0.10–5.65), and 3911 (60.1%)
patients used other antihypertensive drugs in conjunction with
ﬁmasartan, including other angiotensin receptor blockers (N =
1442, 22.2%) and calcium channel blockers (N = 1671, 25.7%).
The distribution of hyperuricemia, age, sex, smoking, drinking,
cardiovascular disease, dyslipidemia, impaired renal function,
gamma-glutamyltranspeptidase (r-GTP), and medication compliance in the study subjects were not signiﬁcantly different from
those of the excluded participants (Table S1, http://links.lww.
com/MD/B110). The proportions of high waist circumference
(54.6% vs 46.0%), diabetes (24.8% vs 19.4%), and obesity
(50.5% vs 47.4%) were higher in the included participants than
in the excluded participants, but the proportion of high BP at
baseline (67.2% vs 74.5%) was lower.
This study was reviewed and approved by the Institutional
Review Board Committee at the Cheil General Hospital,

2.3. Statistical analysis
Baseline characteristics of those with uncontrolled hypertension
were compared with those with controlled hypertension using t
tests (age), Mann–Whitney tests (r-GTP), or chi-squared tests
(categorical variables). The K-MetS study was a diseased cohort
study with regular follow-up, and uncontrolled hypertension
might have occurred before the follow-up examination; therefore, we used multiple logistic regression models for the leftcensored data. We adjusted for age and sex in Model 1 and age,
sex, smoking, alcohol consumption, high waist circumference,
and BMI category in Model 2. Model 3 was adjusted for the
Model 2 variables in addition cardiovascular disease, diabetes,
dyslipidemia, log-transformed r-GTP, impaired renal function,
systolic BP at baseline, diastolic BP at baseline, and medication
2
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Table 1
Baseline characteristics of study participants and blood pressure status 3 months after initiation of ﬁmasartan medication.
BP status at the 3-month follow-up
Variables
Hyperuricemia, N (%)
Yes
No
Age, y; mean, SD
Sex
Male
Female
Body mass index, kg/m2, N (%)
Low (<18.5)
Normal (18.5–24.9)
Obese (≥25)
High waist circumference, N (%)
Yes
No
Cigarette smoking, N (%)
Nonsmoker
Current smoker
Former smoker
Alcohol consumption, N (%)
Nondrinker
Drinker
Cardiovascular disease, N (%)
Yes
No
Diabetes, N (%)
Yes
No
Dyslipidemia, N (%)
Yes
No
Impaired renal function, N (%)
Yes
No
r-GTP, mg/dL, median (IQR)
BP stages at baseline, N (%)
Optimal
Normal
High-normal
High
Medication compliance, N (%)
100%
90–99%
80–89%
<80%
0%

Total (N = 6506)

Controlled (N = 4581)

∗

Uncontrolled (N = 1925)

P

1005
5501
56.1

(15.45)
(84.55)
(10.5)

647
3934
56.2

(14.12)
(85.88)
(10.3)

358
1567
56.0

(18.60)
(81.40)
(11.1)

<0.001

3374
3132

(51.86)
(48.14)

2252
2329

(49.16)
(50.84)

1122
803

(58.29)
(41.71)

<0.001

40
3181
3285

(0.61)
(48.89)
(50.49)

33
2361
2187

(0.72)
(51.54)
(47.74)

7
820
1098

(0.36)
(42.60)
(57.04)

<0.001

3550
2956

(54.57)
(45.43)

2421
2160

(52.85)
(47.15)

1129
796

(58.65)
(41.35)

<0.001

4503
1214
789

(69.21)
(18.66)
(12.13)

3274
773
534

(71.47)
(16.87)
(11.66)

1229
441
255

(63.84)
(22.91)
(13.25)

<0.001

3407
3099

(52.37)
(47.63)

2511
2070

(54.81)
(45.19)

896
1029

(46.55)
(53.45)

<0.001

352
6154

(5.41)
(94.59)

225
4356

(4.91)
(95.09)

127
1798

(6.60)
(93.40)

0.007

1094
5412

(16.82)
(83.18)

423
4158

(9.23)
(90.77)

671
1254

(34.86)
(65.14)

<0.001

3530
2976

(54.26)
(45.74)

2434
2147

(53.13)
(46.87)

1096
829

(56.94)
(43.06)

0.005

129
6377
29.0

(1.98)
(98.02)
(34.0)

66
4515
27.0

(1.44)
(98.56)
(30.0)

63
1862
34.0

(3.27)
(96.73)
(42.0)

<0.001

355
708
1074
4369

(5.46)
(10.88)
(16.51)
(67.15)

310
564
804
2903

(6.77)
(12.31)
(17.55)
(63.37)

45
144
270
1466

(2.34)
(7.48)
(14.03)
(76.16)

<0.001

3922
2085
287
194
18

(60.28)
(32.05)
(4.41)
(2.98)
(0.28)

2853
1420
186
113
9

(62.28)
(31.00)
(4.06)
(2.47)
(0.20)

1069
665
101
81
9

(55.53)
(34.55)
(5.25)
(4.21)
(0.47)

<0.001

0.640

<0.001

BP = blood pressure, SD = standard deviation, r-GTP = gamma-glutamyltranspeptidase, IQR = interquartile range.
∗
Uncontrolled hypertension was deﬁned as systolic BP ≥130 mm Hg or diastolic BP ≥80 mm Hg in those with diabetes or chronic renal failure and systolic BP ≥140 mm Hg or diastolic BP ≥90 mm Hg for the
rest of the participants.
†
Signiﬁcant differences between controlled and uncontrolled hypertension.

and interact with metabolic syndrome components.[30] The
criteria for metabolic syndrome were the presence of ≥3 of the
following 5 components: (1) BP ≥130/85 mm Hg or medicated;
(2) fasting blood glucose ≥100 mg/mL or medicated; (3) waist
circumference ≥90 cm for male or ≥80 cm for female, based on
Asian-speciﬁc standards; (4) HDL-C <40 mg/dL for male or <50
mg/dL for female or medicated; and (5) triglycerides ≥150 mg/dL
or medicated.[27] We estimated the adjusted odds ratio (OR)
and 95% conﬁdence interval (95% CI). SAS version 9.3
(SAS Institute, Cary, NC) was used to conduct the statistical
analyses.

compliance. In addition to using hyperuricemia at baseline or sexseparate quartiles of uric acid at baseline as an independent
variable, we harnessed a 3-group variable related to persistent
hyperuricemia, as follows: nonhyperuricemic at baseline, hyperuricemic at baseline but nonhyperuricemic at follow-up, and
hyperuricemic at both baseline and follow-up. For posthoc
subgroup analysis, we conducted stratiﬁed analyses according to
the baseline prevalence of metabolic syndrome. Hypertensive
patients with pre-existing metabolic syndrome might have a
different baseline risk of uncontrolled hypertension because
hyperuricemia might also cause metabolic syndrome[29]
3
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participants, current smokers, drinkers, and those with cardiovascular disease, diabetes, impaired renal function, high BP
at baseline, or lower compliance were more likely to have
uncontrolled hypertension.
Hyperuricemia increased the risk for uncontrolled hypertension (OR, 1.247; 95% CI, 1.063–1.462) in Model 3 (Table 2).
Based on the analysis using quartiles, the results in females were
not signiﬁcant, whereas males with the highest quartile of uric
acid had a higher risk of uncontrolled hypertension in reference to
the lowest quartile (OR, 1.322; 95% CI, 1.053–1.660), with
borderline signiﬁcance for the trend (P = 0.06).
Those who were hyperuricemic at both baseline and follow-up
had an increased risk for uncontrolled hypertension at the 3month follow-up compared with those who were nonhyperuricemic at baseline in Model 1 (OR, 1.267; 95% CI, 1.040–1.543;
Table 3). However, the risks were not signiﬁcant in Models 2
and 3.
Metabolic syndrome was present in 3670 participants,
including 1259 patients with uncontrolled hypertension
(34.3%; Table 4). Uncontrolled BP was present for 23.5%
(n = 666/2836) of the participants without metabolic syndrome.
In the multivariable analyses with Model 3, patients without
metabolic syndrome had an increased risk of uncontrolled BP
related with hyperuricemia (OR, 1.328; 95% CI, 1.007–1.751),
whereas patients with metabolic syndrome did not (OR, 1.201;
95% CI, 0.988–1.461).

Table 2
Serum uric acid levels and the risk of uncontrolled hypertension
after 3 months of ﬁmasartan medication.
Ranges of uric
acid levels (mg/dL)
∗

Hyperuricemia
Model 1
Model 2
Model 3
Uric acid quartiles†
Males (N = 3,374)
Quartile 1 (N = 841)
Quartile 2 (N = 882)
Quartile 3 (N = 792)
Quartile 4 (N = 859)
P for trend
Females (N = 3,132)
Quartile 1 (N = 829)
Quartile 2 (N = 729)
Quartile 3 (N = 749)
Quartile 4 (N = 825)
P for trend

Odds ratio (95%
conﬁdence interval)

Male: ≥ 7.0, Female: ≥ 6.0
1.285
1.230
1.247

(1.112–1.484)
(1.063–1.422)
(1.063–1.462)

0.9–4.9
5.0–5.8
5.9–6.7
6.8–13.2

Referent
1.237
1.070
1.322
0.057

(0.990–1.544)
(0.847–1.350)
(1.053–1.660)

0.9–3.7
3.8–4.3
4.4–5.0
5.1–10.5

Referent
0.891
1.021
1.015
0.679

(0.694–1.144)
(0.799–1.305)
(0.795–1.297)

Model 1: adjusted for age and sex.
Model 2: Model 1 variables plus smoking, alcohol consumption, high waist circumference, and body
mass index.
Model 3: Model 2 variables plus cardiovascular disease, diabetes, dyslipidemia, log-transformed
gamma-glutamyltranspeptidase, impaired renal function, systolic and diastolic blood pressures at
baseline, and medication compliance.
∗
As assessed using multivariable logistic regression.
†
Adjusted for the Model 3 variables, excluding sex.

4. Discussion
In this prospective cohort study, hyperuricemia increased the risk
for uncontrolled hypertension after 3 months of medication with
ﬁmasartan in hypertensive patients. Although there are no studies
linking hyperuricemia and uncontrolled hypertension in patients,
many prospective studies have suggested the possible role of
serum uric acid in the development of hypertension among
normotensive individuals.[9–14,16]
Hyperuricemia suggests renal involvement including reduced
nitric oxide synthesis, stimulation of the RAS, and microvascular
and inﬂammatory changes,[19,31,32] leading to the development of
hypertension. In one of these studies, decreasing uric acid levels
helped decrease BP in rats with pre-existing hypertension.[19]
Given the reported effectiveness of hyperuricemia treatment on
BP control in hypertensive adolescents,[20] it is plausible to
suggest that hyperuricemia independently predicts uncontrolled
hypertension in hypertensive patients. The ﬁndings of the present
study indicate that hyperuricemic patients with hypertension
might have uncontrolled BP despite successful antihypertensive
medication, which is clinically relevant. Moreover, persistent

3. Results
Of the 10,601 K-MetS study participants at baseline, 7725
completed the 3-month follow-up, and 6506 participants were
analyzed after excluding those with missing values. Among the
6506 patients, 1005 (15.5%) had hyperuricemia (Table 1). The
mean (standard deviation) age was 56.1 (10.5) years, and 51.9%
were males. Cardiovascular disease, diabetes, and dyslipidemia
were present in 352 (5.4%), 1094 (16.8%), and 3530 (54.3%)
participants, respectively. After 3 months, 1925 (29.6%)
participants had uncontrolled hypertension.
In the patients with uncontrolled BP, 358 (18.6%) had
hyperuricemia at baseline, and 647 (14.1%) of the patients with
controlled BP had hyperuricemia (P < 0.001). The mean systolic
and diastolic BPs at baseline were 143.89 (standard deviation,
17.04) mm Hg and 88.30 (11.22) mm Hg, respectively, and
67.2% of the participants had high BP at baseline. Males, obese
Table 3

Persistent hyperuricemia and the risk of uncontrolled hypertension after 3 months of ﬁmasartan medication.
Total N = 6264
Uric acid levels
at baseline

Uric acid levels
at the 3-month follow-up

Nonhyperuricemic
Hyperuricemic
Hyperuricemic

Non or hyperuricemic
Nonhyperuricemic
Hyperuricemic

Uncontrolled
BP/subtotal N (%)
1567/5501
88/277
173/486

∗

Odds ratio (95% conﬁdence interval)
Model 1

(28.49)
(31.77)
(35.60)

1.080
1.267

Referent
(0.831–1.403)
(1.040–1.543)

Model 2
1.033
1.184

Referent
(0.794–1.343)
(0.970–1.446)

Model 3
1.101
1.176

Referent
(0.829–1.463)
(0.948–1.459)

Model 1: adjusted for age and sex.
Model 2: Model 1 variables plus smoking, alcohol consumption, high waist circumference, and body mass index.
Model 3: Model 2 variables plus cardiovascular disease, diabetes, dyslipidemia, log-transformed gamma-glutamyltranspeptidase, impaired renal function, systolic and diastolic blood pressures at baseline, and
medication compliance.
∗
As assessed using multivariable logistic regression.
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syndrome. However, there was a signiﬁcant risk of uncontrolled
BP due to hyperuricemia in those without metabolic syndrome,
but not in those with metabolic syndrome. It is difﬁcult to explain
this with existing mechanisms, but there are several possible
explanations. The causal role of uric acid in high BP may involve
several pathways: NOS-related endothelial dysfunction, RAS
activation, and stimulated proliferation of vascular smooth
muscle cells.[17–19] The NOS- and RAS-related mechanisms seem
to overlap with those of metabolic syndrome leading to high BP.
Metabolic syndrome may be related to the development of
hypertension via complex pathways including an increase in
angiotensin II via adiposity-induced inﬂammation and a decrease
in NOS activation via oxidative stress and insulin resistance.[37]
The two mechanisms are probably intertwined in coexisting
hyperuricemia and metabolic syndrome, in which the effect of
hyperuricemia on uncontrolled BP might be undetectable, as
shown in our study. Moreover, angiotensin receptor blockers
have several effects beyond BP reduction. The possible effect
of lowering uric acid levels[38] might attenuate the risk of
uncontrolled hypertension related with hyperuricemia. Fimasartan reduces RAS activation, oxidative stress, and renal
inﬂammation,[39] which might intervene in the pathways from
hyperuricemia or metabolic syndrome to uncontrolled BP.
Regarding the other mechanisms related with stimulated
proliferation of vascular smooth muscle cells, animal experiments
suggest that ﬁmasartan might inhibit vascular smooth muscle cell
proliferation after high-glucose administration[40] and a higher
proportion of the cells in atherosclerotic plaque after injury.[41]
Nonetheless, there is no evidence to date to support that
ﬁmasartan administration depresses the vascular smooth muscle
cell proliferation induced by hyperuricemia. Additional biological evidence is required to understand the shared pathophysiology of hyperuricemia, metabolic syndrome, and hypertension.
Despite the many prospective studies relating serum uric acid
with new-onset hypertension, the present study is the ﬁrst, to our
knowledge, to suggest that hyperuricemia predicts uncontrolled
hypertension after only 3 months of treatment. However, the
present study has several limitations that should be considered.
First, our results might not generalize to all hypertensive patients.
Because the K-MetS study recruited hypertensive patients who
were willing to start a new agent, it is possible that some patients
already had predisposing factors for uncontrolled hypertension,
potentially supported by the 67.2% of patients with high BP at
baseline. However, after 3 months of ﬁmasartan administration,
the proportion of uncontrolled hypertension was 29.6%, much
lower than the reported prevalence (57.5%) in the Republic of
Korea.[3] This indicates that adherence to medication has a strong
effect on BP control. When we restricted the analysis to the
subjects with good adherence (≥80%),[42] the association
between hyperuricemia and uncontrolled hypertension remained
signiﬁcant (OR, 1.237; 95% CI, 1.051–1.455) in Model 3.
Therefore, the present study may be the most available setting to
suggest that hyperuricemia in hypertensive patients predicts
uncontrolled hypertension despite good adherence to antihypertensive medication. Second, we could not obtain information on
underlying gout and related medications. Some patients with
hyperuricemia have a history of gout, with or without treatment.
Even among patients with normal uric acid levels, some patients
might be using medications that decrease serum uric acid levels.
To estimate a more valid risk for uncontrolled hypertension with
hyperuricemia, further investigations that consider the history of
gout and related medications are necessary. Finally, the
proportions of included and excluded participants with a high

Table 4
Hyperuricemia-induced risk of uncontrolled hypertension at the
3-month follow-up after stratiﬁcation for metabolic syndrome.
Uncontrolled
BP/subtotal N (%)
Without metabolic syndrome
Model 1
Model 2
Model 3
With metabolic syndrome
Model 1
Model 2
Model 3

∗

Odds ratio
(95% conﬁdence interval)

666/2836 (23.48)
1.426
1.415
1.328

(1.103–1.844)
(1.093–1.832)
(1.007–1.751)

1.112
1.089
1.201

(0.932–1.326)
(0.912–1.300)
(0.988–1.461)

1259/3670 (34.31)

Model 1: adjusted for age and sex.
Model 2: Model 1 variables plus smoking, alcohol consumption, high waist circumference, and body
mass index.
Model 3: Model 2 variables plus cardiovascular disease, diabetes, dyslipidemia, log-transformed
gamma-glutamyltranspeptidase, impaired renal function, systolic and diastolic blood pressures at
baseline, and medication compliance.
∗
As assessed using multivariable logistic regression.

hyperuricemia signiﬁcantly increased the risk of uncontrolled
hypertension in an age- and sex-adjusted statistical model;
however, this relationship was no longer signiﬁcant after further
adjustment. Because of the observational nature of this study, we
cannot conclude that correcting hyperuricemia is beneﬁcial for
BP control in hypertensive patients; however, uncorrected
hyperuricemia might negatively inﬂuence BP status among
treated hypertensive patients in a real-world setting. Although
metabolic syndrome itself can lead to uncontrolled hypertension,[33,34] hyperuricemia can also increase the risk of uncontrolled BP in hypertensive patients without metabolic syndrome,
as evidenced by the present ﬁndings.
Because a universal cut-off for hyperuricemia has not been
established, previous studies of the association between uric acid
and incident hypertension used various deﬁnitions of hyperuricemia. To prevent possible misclassiﬁcation and identify a
dose–response relationship, we also conducted analyses using
quartiles of uric acid levels. As a result, we did not observe a
dose–response relationship, although one was suggested in some
prospective studies[9,13] and a meta-analysis[16] of uric acid and
new-onset hypertension. One possible explanation is the
difference in study participants; previous studies included
normotensive participants, whereas we included hypertensive
participants. Compared with normotensive individuals, hypertensive patients are more likely to have underlying renal
microvascular injury. After renal injury, increases in BP may
no longer rely on uric acid levels.[35] Thus, a dose–response
relationship between uric acid and high BP might be difﬁcult to
observe in hypertensive patients. Similarly, Feig and Johnson[36]
suggested that early hypertension is associated with high serum
uric acid and high serum renin levels, leading to higher
responsiveness to RAS blockers. In our further stratiﬁed analyses,
≥40 year-old patients were at a signiﬁcantly higher risk of
uncontrolled hypertension based on hyperuricemia (N = 6,150;
OR, 1.215; 95% CI, 1.029–1.436). In the younger subjects, the
risk was higher but insigniﬁcant (N = 356; OR, 1.659; 95%
CI, 0.911–3.020), which might be due to a greater efﬁcacy of
ﬁmasartan or a small sample size.
The K-MetS study population consisted of hypertensive
patients with a higher proportion of metabolic syndrome than
the general population.[23] As expected, the proportion of
uncontrolled hypertension was higher in those with metabolic
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pressure in the rat by a novel crystal-independent mechanism.
Hypertension 2001;38:1101–6.
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Hypertension 1999;34:144–50.
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acid and risk of cardiovascular disease in essential hypertension. The
PIUMA study. Hypertension 2000;36:1072–8.
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ﬁmasartan for cardiovascular events and metabolic syndrome (K-metS
study): rationale, design and participant characteristics. Pulse 2014;1:
177–85.
[24] Mancia G, De Backer G, Dominiczak A, et al. 2007 ESH-ESC Practice
Guidelines for the Management of Arterial Hypertension: ESH-ESC
Task Force on the Management of Arterial Hypertension. J Hypertens
2007;25:1751–62.
[25] Chobanian AV, Bakris GL, Black HR, et al. Seventh report of the Joint
National Committee on Prevention, Detection, Evaluation, and
Treatment of High Blood Pressure. Hypertension 2003;42:1206–52.
[26] World Health Organization Western Paciﬁc Region, International
Association for the Study of Obesity, International Obesity Task Force.
Redeﬁning Obesity and Its Treatment. Sydney: Health Communications;
2000.
[27] Alberti KG, Eckel RH, Grundy SM, et al. Harmonizing the metabolic
syndrome: a joint interim statement of the International Diabetes
Federation Task Force on Epidemiology and Prevention; National
Heart, Lung, and Blood Institute; American Heart Association; World
Heart Federation; International Atherosclerosis Society; and International Association for the Study of Obesity. Circulation 2009;120:
1640–5.
[28] Johnson RJ, Kivlighn SD, Kim YG, et al. Reappraisal of the pathogenesis
and consequences of hyperuricemia in hypertension, cardiovascular
disease, and renal disease. Am J Kidney Dis 1999;33:225–34.
[29] Cirillo P, Sato W, Reungjui S, et al. Uric acid, the metabolic
syndrome, and renal disease. J Am Soc Nephrol 2006;17(12 Suppl 3):
S165–8.
[30] Borghi C, Rosei EA, Bardin T, et al. Serum uric acid and the risk
of cardiovascular and renal disease. J Hypertens 2015;33:1729–41.
discussion 1741.
[31] Sanchez-Lozada LG, Tapia E, Santamaria J, et al. Mild hyperuricemia
induces vasoconstriction and maintains glomerular hypertension in
normal and remnant kidney rats. Kidney Int 2005;67:237–47.
[32] Mazzali M, Kanellis J, Han L, et al. Hyperuricemia induces a primary
renal arteriolopathy in rats by a blood pressure-independent mechanism.
Am J Physiol Renal Physiol 2002;282:F991–997.
[33] Cortez-Dias N, Martins SR, Belo A, et al. Association of metabolic risk
factors with uncontrolled hypertension: comparison of the several
deﬁnitions of metabolic syndrome,. J Hypertens 2013;31:1991–7.
[34] Kjeldsen SE, Naditch-Brule L, Perlini S, et al. Increased prevalence of
metabolic syndrome in uncontrolled hypertension across Europe: the
Global Cardiometabolic Risk Proﬁle in Patients with hypertension
disease survey. J Hypertens 2008;26:2064–70.
[35] Johnson RJ, Kang DH, Feig D, et al. Is there a pathogenetic role for uric
acid in hypertension and cardiovascular and renal disease? Hypertension
2003;41:1183–90.

waist circumference, diabetes, or obesity were different. The
included participants had higher proportions of the cardiovascular risk factors, reﬂected in the higher number of patients with
metabolic syndrome (56.4% vs 33.5%). Regarding the weak and
insigniﬁcant association between hyperuricemia and uncontrolled hypertension in those with metabolic syndrome, the
inclusion of more patients with metabolic syndrome is more likely
to underestimate the true risk. Similarly, fewer participants lost
to follow-up had a high waist circumference (47.7%), obesity
(46.5%), or diabetes (12.9%) than the participants who
completed the follow, which might tend toward null ﬁndings.
The ﬁndings of the present study suggest that hyperuricemia
signiﬁcantly predicts uncontrolled hypertension in hypertensive
patients after 3 months of ﬁmasartan treatment. Hyperuricemic
patients with hypertension are more likely to have uncontrolled
BP despite successful treatment with antihypertensive agents. In
particular, the risk of uncontrolled BP related with hyperuricemia
was prominent in hypertensive patients without metabolic
syndrome. Uric acid levels need to be considered in strategies
for BP control in hypertensive patients, even with good adherence
to antihypertensive medications.

Acknowledgments
The authors would like to thank all the K-MetS study
investigators for contributing to participant recruitment and
data collection.

References
[1] Lim SS, Vos T, Flaxman AD, et al. A comparative risk assessment of
burden of disease and injury attributable to 67 risk factors and risk factor
clusters in 21 regions, 1990-2010: a systematic analysis for the Global
Burden of Disease Study 2010. Lancet 2012;380:2224–60.
[2] Alwan A, Armstrong T, Bettcher D, et al. Global status report on
noncommunicable diseases 2010. Geneva, Switzerland:World Health
Organization; 2011.
[3] Korea Centers for Disease Control and Prevention. Health Behavior and
Chronic Disease Statistics 2013. Cheongju, Republic of Korea:Korea
Centers for Disease Control and Prevention; 2014.
[4] Lawes CM, Vander Hoorn S, Rodgers A. International Society of
HGlobal burden of blood-pressure-related disease, 2001. Lancet
2008;371:1513–8.
[5] Nwankwo T, Yoon SS, Burt V, Gu Q. Hypertension among adults in the
United States: National Health and Nutrition Examination Survey,
2011-2012. NCHS data brief, no 133. Hyattsville, MD: National Center
for Health Statistics; 2013.
[6] Calhoun DA, Jones D, Textor S, et al. Resistant hypertension: diagnosis,
evaluation, and treatment: a scientiﬁc statement from the American
Heart Association Professional Education Committee of the Council for
High Blood Pressure Research. Circulation 2008;117:e510–26.
[7] MacMahon S, Peto R, Cutler J, et al. Blood pressure, stroke, and
coronary heart disease. Part 1, Prolonged differences in blood pressure:
prospective observational studies corrected for the regression dilution
bias. Lancet 1990;335:765–74.
[8] Whelton PK, Perneger TV, He J, et al. The role of blood pressure as a risk
factor for renal disease: a review of the epidemiologic evidence. J Hum
Hypertens 1996;10:683–9.
[9] Yang T, Chu CH, Bai CH, et al. Uric acid concentration as a risk marker
for blood pressure progression and incident hypertension: a Chinese
cohort study. Metabolism 2012;61:1747–55.
[10] Loefﬂer LF, Navas-Acien A, Brady TM, et al. Uric acid level and elevated
blood pressure in US adolescents: National Health and Nutrition
Examination Survey, 1999–2006. Hypertension 2012;59:811–7.
[11] Sundstrom J, Sullivan L, D’Agostino RB, et al. Relations of serum uric
acid to longitudinal blood pressure tracking and hypertension incidence.
Hypertension 2005;45:28–33.
[12] Nagahama K, Inoue T, Iseki K, et al. Hyperuricemia as a predictor of
hypertension in a screened cohort in Okinawa, Japan. Hypertens Res
2004;27:835–41.

6

Cho et al. Medicine (2016) 95:28

www.md-journal.com

[40] Yu SH, Kang DH, Yu JM, Yoo HJ. The Effect of Fimasartan
on the Proliferation and Migration of Rat Aortic Vascular Smooth
Muscle Cells with Glucose Fluctuations. The Endocrine Society’s
97th Annual Meeting & Expo; March 6, 2015, 2015; San Diego,
USA.
[41] Lee JY, Lee CW, Kim WJ, et al. Antiatherosclerotic effects of the novel
angiotensin receptor antagonist Fimasartan on plaque progression
and stability in a rabbit model: a double-blind placebo-controlled trial.
J Cardiovasc Pharmacol 2013;62:229–36.
[42] Hosie J, Wiklund I. Managing hypertension in general practice: can we
do better? J Hum Hypertens 1995;9(Suppl 2):S15–8.

[36] Feig DI, Johnson RJ. The role of uric acid in pediatric hypertension.
J Renal Nutr 2007;17:79–83.
[37] Yanai H, Tomono Y, Ito K, et al. The underlying mechanisms for
development of hypertension in the metabolic syndrome. Nutr J 2008;
7:10.
[38] Sica DA, Schoolwerth AC. Part 1. Uric acid and losartan. Curr Opin
Nephrol Hypertens 2002;11:475–82.
[39] Kim S, Kim SJ, Yoon HE, et al. Fimasartan, a novel angiotensin-receptor
blocker, protects against renal inﬂammation and ﬁbrosis in mice with
unilateral ureteral obstruction: the possible role of Nrf2. Int J Med Sci
2015;12:891–904.

7

