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Abstract
Introduction: The aim of the study was to evaluate whether flow-mediated
dilation (FMD) can be used to predict incident hypertension in patients with
hyperuricemia.
Material and methods: Normotensive participants with and without hyperuricemia at baseline were prospectively enrolled. Flow-mediated dilation
was assessed at baseline, and after 1 year’s follow-up the incidence of hypertension was compared between those with and without hyperuricemia.
The predictive value of baseline FMD for incident hypertension among hyperuricemia patients was evaluated.
Results: A total of 222 participants were included. Mean systolic and diastolic blood pressure (BP) was 129.5 ±8.4 mm Hg and 78.3 ±7.9 mm Hg. Mean
serum uric acid (UA) level was 4.4 ±2.8 mg/dl. Mean FMD was 5.1 ±2.7%.
Compared to normal UA group, hyperuricemia group had higher proportion
of male (58.4% vs. 61.2%), higher systolic BP (125.4 ±7.9 mm Hg vs. 132.1
±7.3 mm Hg), serum high sensitivity C-reactive protein (3.9 ±2.2 mg/dl
vs. 4.5 ±3.0 mg/dl) and UA (3.5 ±1.4 mg/dl vs. 5.7 ±0.7 mg/dl) levels, but
lower mean FMD (5.6 ±2.4% vs. 4.8 ±2.0%) (p < 0.05 for all comparisons). No
participant in normal UA group developed hypertension, while in hyperuricemia group, 6 participants developed hypertension. In hyperuricemia participants, after adjusted for covariates, per 1-standard deviation decrease in
baseline FMD remained significantly associated with 15% increased risk of
incident hypertension.
Conclusions: Patients with hyperuricemia have an increased risk of developing hypertension, and low baseline FMD in hyperuricemia patients is associated with significantly increased risk of incident hypertension.
Key words: hypertension, hyperuricemia, flow-mediated dilation.

Introduction
Hypertension has become the most prevalent chronic disease around
the world [1, 2]. In addition, hypertension is a well-known risk factor
for target organ damage, cardiovascular diseases (CVD), and all-cause
mortality [3–6]. Therefore, effective prevention is essential to reduce the
health and economic burden of hypertension [1, 7].
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Prior observational studies indicate that increased serum uric acid (UA) level is associated
with blood pressure (BP) elevation [8–10], and
the potential mechanisms are multifactorial and
include oxidative stress, systemic inflammation,
an endothelial and vascular dysfunction [11–13].
Therefore, one may anticipate that reducing serum UA level to the normal range may be beneficial for hypertension prevention. However, as yet,
no solid evidence is available to support this hypothesis, and hypertension guidelines also did not
recommend hyperuricemia treatment for primary
prevention of hypertension [1, 7].
Flow-mediated dilation (FMD) is a sensitive and
noninvasive approach for endothelial and vascular function assessment [14, 15]. Numerous prior
longitudinal studies indicate that baseline FMD
can be used to predict cardiovascular events in
community populations [16, 17]. However, it is unknown whether FMD is different in patients with
hyperuricemia compared to those with a normal
serum UA level. In addition, whether baseline FMD
can be used to predict incident hypertension in
patients with hyperuricemia is also not fully explored yet.
We therefore conducted a prospective study
and enrolled normotensive participants with
and without hyperuricemia at baseline. After
12 months’ follow-up, we compared the incidence
of hypertension between these two groups and
also evaluated whether baseline FMD can be used
to predict incident hypertension in patients with
hyperuricemia. From a clinical perspective, such
information will not only help elucidate the underlying mechanisms relating hyperuricemia to
hypertension development, but will also help in
determining whether improving FMD by means of
reducing uric acid would be beneficial for preventing hypertension development.

Material and methods
Study participants
This study was approved by the Research Ethic Committee of the Fifth subsidiary Sun Yat-sen
University Hospital. Informed consent was obtained before enrollment and all studied participants were treated in accordance with the Declaration of Helsinki. The included criteria were:
18–75 years old, clinic systolic (SBP) and diastolic
BP (DBP) < 140 and 90 mm Hg during the screening visit, and currently not on hyperuricemia
treatment. The exclusion criteria were: previous
antihypertensive treatment or a history of hypertension (either self-reported or documented),
hyperuricemia treatment in the past 6 months or
a gout flare episode in the past 3 months, histories of coronary heart disease, ischemic stroke,
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peripheral artery disease, congestive heart failure,
or chronic kidney disease (either self-reported or
documented).

Baseline data collection
Baseline data including demographics and
medical history were recorded using a structured
questionnaire. In brief, current smoking was defined as having smoked a cigarette in the past
30 days. Diabetes mellitus was defined as fasting plasma glucose (FPG) > 126 mg/dl or current usage of hypoglycemic medications and/or
insulin. Clinic BP was measured in accordance
with the JNC7 guideline recommendation [7].
Resting BP was measured 3 times after the participant had sat quietly for 5 min (HEM7200,
Omron Healthcare, Tokyo, Japan), with the arm
supported at heart level and legs placed on the
floor. The average of the second and third BP
readings was used as clinic BP. Fasting venous
blood was used for lipid profile, FPG, creatinine,
high-sensitivity C-reactive protein (hs-CRP) and
UA level assessments. In brief, estimated glomerular filtration rate (eGFR) was calculated
using the Modification of Diet in Renal Disease
(MDRD) formula [18].

Brachial FMD assessment
Brachial FMD was assessed in a fasting state.
The participant was supine and the left arm was
used to obtain baseline SBP. A standard pediatric cuff was placed around the right arm, nearly
2 inches below the antecubital fossa [15]. A linear-array multi-frequency transducer operating
at 10 MHz (GE Logiq 700 Device) was applied to
obtain baseline images of the right brachial artery. Two minutes later, the cuff was inflated to
50 mm Hg above baseline systolic BP to occlude
the right brachial artery for 4 min [15]. Thereafter, the cuff was deflated and images of the right
brachial artery were captured continuously for
2 min. The change of diameters was automatically calculated using the formula as follows:
(maximum diameter – baseline diameter)/baseline diameter × 100% [15].

Follow-up
Participants were followed up at the 6th month
after the baseline visit via telephone call and at
the 12th month at the outpatient clinic. Participants who had an acute gout flare episode or had
hyperuricemia treatment during follow-up were
excluded from the final analysis, and those with
antihypertensive treatment during follow-up were
defined as having new-onset hypertension. At the
12th month follow-up, clinic BP was measured in
the outpatient clinic, and those with systolic BP
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> 140 mm Hg and/or diastolic BP > 90 mm Hg
within two consecutive days were defined as having new-onset hypertension.

Statistical analysis
Continuous variables were expressed as mean
± SD or median (quartiles) as appropriate, and categorical variables were expressed as number and
frequency of cases. Between-group differences
were evaluated by the independent Student t test
or the c2 analysis as appropriate. Cox proportional
hazards regression analysis was used to evaluate
the predictive value of baseline FMD for incident
hypertension. The hazard ratio (HR) represents the
risk associated with a 1 – SD decrease in baseline
FMD for incident hypertension. Statistical analysis
was conducted in SPSS 23.0 (IBM, USA). All p-values were 2 sided, and statistical significance was
defined as p < 0.05.

were enrolled. During follow-up, 3 patients had an
acute gout flare episode and another 2 had hyperuricemia treatment; therefore, 222 participants
were included in the final analysis. A schematic
outline of the study is presented in Figure 1.

Baseline characteristics
The mean age of participants was 46.5 ±16.7
years, male participants accounted for 59.5%, and
39.2% were current smokers. The mean systolic
and diastolic BP were 129.5 ±8.4 mm Hg and 78.3
±7.9 mm Hg, respectively. The mean serum UA level
was 4.4 ±2.8 mg/dl, and based on the cutoff value
≥ 6 mg/dl for males and ≥ 5 mg/dl for females [19],
38.3% of participants were diagnosed with hyperuricemia. The mean FMD was 5.1 ±2.7% (Table I).

Table I. Baseline characteristics (n = 222)
Variables

Results
Participants’ enrollment
Between July and September of 2016, a total of
278 participants were screened in the outpatient
clinic. Among them, 18 had clinic systolic and/
or diastolic BP > 140/90 mm Hg, 4 had previous
antihypertensive treatment, 4 had hyperuricemia
treatment in the past 6 months, 3 had a gout flare
episode in the past 3 months, 12 had a history of
coronary heart disease, ischemic stroke, peripheral
artery disease, congestive heart failure, or chronic
kidney disease, and 10 did not want to participate
in the current study. A total of 227 participants

278 participants screened
18 systolic/diastolic
BP > 140/90 mm Hg;
4 had used antihypertensive
medication; 4 had
hyperuricemia treatment;
3 had gout flare episode;
12 had a history of CVD
or chronic kidney disease;
and 10 did not want to
participate
227 participants enrolled
During follow-up,
2 had hyperuricemia
treatment and 3 had acute
gout flare episode
222 participants included
into final analysis
Figure 1. Schematic diagram of study

Age [years]

Value
46.5 ±16.7

Male

132 (59.5%)

Smoker

87 (39.2%)

Systolic BP [mm Hg]

129.5 ±8.4

Diastolic BP [mm Hg]

78.3 ±7.9

Heart rate [bpm]

72.4 ±12.5

Total cholesterol [mmol/l]
Triglyceride [mmol/l]*

5.0 ±1.2
1.8 (0.9–2.3)

LDL-cholesterol [mmol/l]

3.2 ±1.1

HDL-cholesterol [mmol/l]

1.2 ±0.5

FPG [mg/dl]

123.7 ±14.5

Creatinine [µmol/l]

60.5 ±10.7

eGFR [ml/min/1.73 m2]

95.7 ±4.2

Hs-CRP [mg/dl]

4.2 ±2.6

UA [mg/dl]

4.4 ±2.8

Diabetes mellitus

65 (29.3%)

Dyslipidemia

72 (32.4%)

Hyperuricemia

85 (38.3%)

Aspirin

70 (31.5%)

Statins

58 (26.1%)

Hypoglycemic medication

58 (26.1%)

Insulin

20 (9.0%)

FMD (%)

5.1 ±2.2

BP – blood pressure, LDL – low density lipoprotein, HDL – high
density lipoprotein, eGFR – estimated glomerular filtration rate,
hs-CRP – high sensitivity C-reactive protein, UA – uric acid, FMD –
flow mediated dilation; *presented as median and quartiles.
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Comparisons between normal
and hyperuricemia groups
Participants were divided into two groups based
on baseline serum UA level. As presented in Table II, compared to those with normal UA level, participants with hyperuricemia were more likely to be
male (58.4% vs. 61.2%), had higher baseline systolic BP (125.4 ±7.9 mm Hg vs. 132.1 ±7.3 mm Hg),
serum hs-CRP (3.9 ±2.2 mg/dl vs. 4.5 ±3.0 mg/dl)
and UA (3.5 ±1.4 mg/dl vs. 5.7 ±0.7 mg/dl) levels,
and lower mean FMD (5.6 ±2.4% vs. 4.8 ±2.0%).

Incidence of hypertension
During 12 months’ follow-up, no participant
in the normal UA group developed hypertension,
while in the hyperuricemia group, 6 (6.9%) participants developed hypertension. Among them,
1 was diagnosed with hypertension at 10 months’
follow-up at the local hospital (SBP/DBP were

146/82 mm Hg) and was treated with an angiotensin converting enzyme inhibitor (lisinopril
20 mg/qd), and the other 5 participants were diagnosed with hypertension (mean SBP and DBP
were 145.5 ±3.2 mm Hg and 81.3 ±4.9 mm Hg,
respectively) during the outpatient clinic visit at
the 12th month follow-up.

Association of baseline FMD and incident
hypertension
In participants with hyperuricemia, in the unadjusted model, 1 – SD decrease in baseline FMD
was associated with nearly 2-fold higher risk of
incident hypertension (Table III). With stepwise
adjustment, after adjustment for potential covariates including age, male gender, smoking, diabetes mellitus, eGFR, baseline systolic BP and hs-CRP,
1 – SD decrease in baseline FMD remained significantly associated with 15% increased risk of inci-

Table II. Comparisons between normal and hyperuricemia groups
Variables

Normal (n = 137)

Hyperuricemia (n = 85)

Age [years]

45.3 ±15.9

47.9 ±17.2

Male

80 (58.4%)

52 (61.2%)#

Smoker

54 (39.4%)

33 (38.8%)

Systolic BP [mm Hg]

125.4 ±7.9

132.1 ±7.3#

Diastolic BP [mm Hg]

77.6 ±6.8

78.9 ±7.5

Heart rate [bpm]

73.7 ±12.8

72.0 ±11.4

5.1 ±1.4

5.0 ±1.1

1.8 (0.8–2.2)

1.8 (0.9–2.3)

LDL-cholesterol [mmol/l]

3.2 ±1.0

3.3 ±1.2

HDL-cholesterol [mmol/l]

1.1 ±0.6

1.2 ±0.5

121.4 ±14.2

124.6 ±15.0

58.7 ±10.3

61.4 ±11.7

eGFR [ml/min/1.73 m ]

96.1 ±5.2

94.5 ±4.3

Hs-CRP [mg/dl]

3.9 ±2.2

4.5 ±3.0#

UA [mg/dl]

3.5 ±1.4

5.7 ±0.7#

Diabetes mellitus

40 (29.2%)

25 (29.4%)

Dyslipidemia

44 (32.1%)

28 (32.9%)

Aspirin

42 (30.7%)

28 (32.9%)

Statins

36 (26.3%)

22 (25.9%)

Hypoglycemic medication

35 (25.5%)

23 (27.1%)

Insulin

12 (8.8%)

8 (9.4%)

5.6 ±2.4

4.8 ±2.0#

Total cholesterol [mmol/l]
Triglyceride [mmol/l]*

FPG [mg/dl]
Creatinine [µmol/l]
2

FMD (%)

BP – blood pressure, LDL – low density lipoprotein, HDL – high density lipoprotein, eGFR – estimated glomerular filtration rate, hs-CRP
– high sensitivity C-reactive protein, UA – uric acid, FMD – flow mediated dilation; *presented as median and quartiles; #p < 0.05 versus
normal group.

346

Arch Med Sci 2, March / 2019

Flow-mediated dilation can be used to predict incident hypertension in patients with hyperuricemia

dent hypertension, indicating that in hyperuricemia patients, baseline FMD can be used to predict
the 1-year incidence of hypertension.

Interaction between risk factors and
baseline FMD for incident hypertension
Participants with hyperuricemia were divided
into 3 groups based on tertile baseline FMD values and the upper tertile was defined as the reference group. As presented in Table IV, in those ≥ 60
years, male participants, with baseline systolic BP
≥ 130 mm Hg and hs-CRP level ≥ 3 mg/dl, reduced
baseline FMD was associated with 16%, 8%, 12%,
and 9% increased incidence of hypertension (lower tertile versus upper tertile). The interaction between potential risk factors and baseline FMD is
significant, indicating that ageing, male gender,
higher baseline systolic BP, or higher hs-CRP level
might potentiate the effect of reduced FMD on hypertension development.

Discussion
To our best knowledge, the current study is one
of the first few studies to investigate the association of baseline FMD and incident hypertension
in patients with hyperuricemia. The principal findings include: first, compared to those with normal serum UA level, patients with hyperuricemia
had significantly reduced FMD; second, baseline
FMD can be used to independently predict hypertension development in hyperuricemia patients;
third, decreased FMD was associated with incident hypertension, especially in those with older
age, males, with higher baseline systolic BP and

Table III. Association of baseline FMD and incident
hypertension
Variable

Hazard ratio

95% CI

P-value

Unadjusted

2.04

1.85–2.33

< 0.001

Model 1

1.86

1.62–2.02

< 0.001

Model 2

1.41

1.25–1.83

0.007

Model 3

1.15

1.07–1.32

0.016

Model 1 – adjusted for age and male gender, Model 2 – further
adjusted for smoking, diabetes mellitus, estimated glomerular
filtration rate and hs-CRP, Model 3 – further adjusted for baseline
systolic BP, CI – confidence interval.

increased serum hs-CRP level. The clinical implication of our current study is that in patients with
hyperuricemia, measuring FMD at baseline could
be used to predict the incidence of hypertension.
In addition, it can also help raise both physicians’
and patients’ awareness of their potential risk of
developing hypertension, which in turn may promote primary prevention.
In recent decades, numerous observational
studies have indicated that increased serum UA
level was associated with hypertension, diabetes
mellitus and CVD events. For example, Sundström
et al. [20] reported that in 3329 Framingham Study
participants, a 1 – SD higher serum UA was associated with 17% higher risk of developing hypertension. In another study, Shankar et al. [21] also
reported that increasing quartiles of serum UA level was independently associated with 10-year incidence of hypertension among community-dwelling older adults. Dehghan et al. [22] enrolled 4536
subjects free from diabetes at baseline. During

Table IV. Interaction between potential risk factors and baseline FMD for incident hypertension
Parameter

FMD
T3 (5.5–6.8%)

T2 (4.2–5.4%)

T1 (2.8–4.1%)

P-value
(interaction)

< 60 years

Ref

1.06 (0.94–1.11)

1.11 (0.98–1.22)

< 0.001

≥ 60 years

Ref

1.09 (0.97–1.15)

1.16 (1.02–1.24)

Female

Ref

0.98 (0.92–1.14)

1.01 (0.95–1.09)

Male

Ref

1.04 (0.95–1.13)

1.08 (1.01–1.19)

Non-smoker

Ref

0.95 (0.89–1.04)

0.97 (0.93–1.07)

Smoker

Ref

1.02 (0.97–1.12)

1.06 (0.99–1.14)

Systolic BP < 130 mm Hg

Ref

1.04 (0.97–1.16)

1.07 (0.99–1.19)

Systolic BP ≥ 130 mm Hg

Ref

1.06 (0.99–1.18)

1.12 (1.06–1.23)

2

Ref

1.01 (0.90–1.06)

1.03 (0.95–1.10)

eGFR ≥ 90 ml/min/1.73 m2

Ref

0.98 (0.92–1.11)

1.01 (0.95–1.14)

Hs-CRP < 3mg/dl

Ref

0.96 (0.90–1.02)

0.99 (0.93–1.08)

Hs-CRP ≥ 3 mg/dl

Ref

1.02 (0.98–1.15)

1.09 (1.02–1.17)

eGFR < 90 ml/min/1.73 m

0.031

0.165

< 0.001

0.306

0.028

eGFR – estimated glomerular filtration rate, hs-CRP – high sensitivity C-reactive protein, Ref – reference.
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a mean of 10.1 years’ follow-up, participants in
the upper quartile of baseline serum UA level were
68% more likely to develop type 2 diabetes than
were those in the lowest quartile. With respect to
the association of UA and cardiovascular events,
Alderman et al. [23] reported that among 7978
mild-to-moderate hypertensive participants, despite BP control, serum UA level increase was significantly and directly associated with CVD events.
Using the data from the NHANES I epidemiologic
follow-up study, Fang et al. [24] reported that increased serum UA levels were independently and
significantly associated with risk of cardiovascular
mortality. These findings combined indicate that
serum UA level could be used to predict hypertension and CVD events.
Consistent with previous reports, our current
study also indicated that compared to those with
a normal serum UA level, participants with hyperuricemia had higher incidence of hypertension
during 1 year’s follow-up. The novel finding of our
current study is that we found that in hyperuricemia patients, reduced baseline FMD was independently associated with incident hypertension,
indicating that baseline FMD may be used to predict BP progress and hypertension development
among patients with hyperuricemia. One potential mechanism is that an increased serum UA level elicits oxidative stress and inflammation, which
in turn causes nitric oxide reduction and vascular
dysfunction [11, 12, 25]. Impaired vasodilation
leads to peripheral artery resistance increase and
BP elevation [26]. Future randomized controlled
trials are needed to evaluate whether improvement of FMD through lifestyle modification or
medications could help to prevent hypertension in
patients with hyperuricemia.
Interestingly and importantly, we observed that
the association of baseline FMD and hypertension
development was particularly important in elderly
and male participants and those with increased
baseline systolic BP and serum hs-CRP levels. Notably, ageing and increased baseline systolic BP
are two established risk factors for hypertension
development [27]. Male gender is also an independent predictor of hypertension [28]. Increased
serum hs-CRP level is associated with endothelial and vascular dysfunction, which in turn could
lead to vasoconstriction and BP elevation [29].
The clinical implication of the current findings is
that among hyperuricemia patients, those with
reduced FMD and additional comorbidities such
as ageing, the risk of developing hypertension is
much higher than in their younger counterparts,
and intensive modification of these risk factors
may help to prevent hypertension.
The strengths of the current study are the prospective design and having no loss to follow-up.
There were some limitations of the current study:
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first of all, hypertension diagnosis was based solely on clinic BP. Although clinic BP remains the main
approach to diagnosing hypertension, currently,
some guidelines recommend 24-hour ambulatory
blood pressure monitoring to confirm newly diagnosed hypertension [30]. Secondly, the duration
of follow-up was relatively short and we did not
evaluate the changes of serum UA level and FMD
over time. Thirdly, notably, the hs-CRP level was
higher in the hyperuricemia group. Although we
adjusted for hs-CRP in the regression model, residual bias might still exist. Last but not least, body
mass index (BMI) is an important marker linking
hyperuricemia and hypertension. However, we did
not collect the BMI data and residual bias might
exist and influence the association of hyperuricemia and hypertension development. A future
prospective study is warranted to collect the BMI
data, which could help reduce residual bias.
In conclusion, our current study indicates that
patients with hyperuricemia have a higher risk of
developing hypertension compared to those with
a normal serum UA level. Low baseline FMD in patients with hyperuricemia is associated with significantly increased risk of incident hypertension.
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