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Uric acid (UA) is independently associated with the emer-
gence of hypertension. Nocturnal nondipping pattern of
hypertension is associated with a greater risk of cardiovas-
cular, renal, and cerebrovascular complications than dip-
pers. The aim of the present study was to evaluate the
relationship between the circadian blood pressure rhythm
and UA level in patients with newly diagnosed essential
hypertension. The study included 112 essential hyperten-
sive patients and 50 healthy controls. The hypertensive
patients were divided into two groups according to the
results of 24-hour ambulatory blood pressure monitoring,
including 60 dippers (35 men, 25 women; mean age,
52.6+15.8 years) and 52 nondippers (29 men, 23 women;
mean age, 55.9+13.2 years). Nondippers had significantly

higher serum UA levels than the dippers and controls
(5.84+0.8, 5.1+0.9 and 4.24+0.9 mg/dL, respectively;
P<.001). Serum high-sensitivity C-reactive protein levels
were also significantly higher in the nondipper group than
the other groups (P<.001) and significantly correlated with
serum UA (r=0.358, P<.001). Multivariate logistic regres-
sion analysis revealed an independent positive association
between serum UA levels and nondipper pattern (odds
ratio, 2.28; 95% confidence interval, 1.33-3.94; P=.003).
Serum UA is strongly and independently associated with
the nondipper circadian pattern in essential hypertension.
J Clin Hypertens (Greenwich). 2013; 15:7-13. ©2012 Wiley
Periodicals, Inc.

Arterial hypertension is the most important risk factor
for the development of cardiovascular morbidity and
mortality.! While the diagnosis of hypertension is
based on office blood pressure (BP),> 24-hour ambula-
tory BP monitoring (ABPM) provides additional infor-
mation, such as 24-hour systolic and diastolic BP load,
BP short-term variability, and the diurnal variations of
BP.? Normal nighttime variation of BP is characterized
by a >10% reduction in BP levels from daytime.® In
hypertensive patients, as well as normotensive individ-
uals, a <10% fall in nocturnal BP is defined as a
“nondipping BP profile” and such patients are called
nondippers. The presence of nondipping hypertension
carries greater cardiovascular risk and worse prognosis
compared with patients with a normal circadian
rhythm.**

Recently, elevated serum uric acid (UA) has emerged
as an important independent risk factor for hyperten-
sion.®”!” UA is commonly elevated in patients with
hypertension, especially in those with severe hyperten-
sion or kidney disease.'® Serum UA is also commonly
associated with different hypertensive conditions such
as prehypertension,'’ gestational hypertension,° pre-
eclampsia,”’ and hypertension in adolescence.”” A
study in adolescents presenting with hypertension
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found elevated serum UA in nearly 90% of patients
whereas it was infrequent in normal healthy patients.2§
Studies in laboratory animals have also reported that
raising serum UA can induce hypertension by stimulat-
ing oxidative stress, impairing endothelial function,
and stimulating the renin angiotensin system.**2°
Experimentally, an elevated UA has been found to
induce microvascular disease in the kidney (arteriolo-
sclerosis), and once this develops, the animal acquires
salt-sensitive hy}z)ertension that will persist even if the
UA is lowered.””*® Vascular disease is mediated in
part by a direct effect of UA to stimulate vascular
smooth muscle cell proliferation.?”***% Pilot studies in
humans also suggest a benefit of lowering UA on
endothelial function with an improvement in BP.?'33
Despite the importance of nondipper hypertension
on cardiovascular outcomes, no studies have examined
whether hyperuricemia is associated with nondipper
hypertension. We therefore investigated the association
between circadian BP pattern and serum UA together
with high-sensitivity C-reactive protein (hs-CRP) in
patients with newly diagnosed essential hypertension.

METHODS

Study Population

The study consisted of 112 consecutive newly diagnosed
essential hypertensive patients. Fifty healthy patients (26
men, 24 women; mean age, 53.94+14.4 years) were
enrolled in the control group. Hypertension was defined
as a systolic BP (SBP) >140 mm Hg and/or a diastolic
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BP (DBP) >90 mm Hg (mean of 3 measurements on at
least 2 visits).>* After diagnosis of hypertension, 24-hour
ABPM was performed and patients were further divided
into dipper and nondipper groups based on the results
obtained from ABPM. Exclusion criteria included
secondary hypertension, evidence of any concomitant
inflammatory disease, neoplastic diseases, heart failure,
gout, renal dysfunction (estimated glomerular filtration
rate <90 mL/min/1.73 m?) or hepatic dysfunction and
known coronary arterial or cerebrovascular disease.
Patients using allopurinol or any other agents that may
affect serum UA level were also excluded.

Clinical and demographic characteristics of the
study population including age, sex, and tobacco use
were noted. In addition, serum levels of hs-CRP, fast-
ing blood glucose levels, creatinine levels, and fasting
serum lipid status including total cholesterol, low-
density lipoprotein, high-density lipoprotein, and tri-
glyceride levels were also recorded. Body mass index
was calculated as weight (kg) divided by height
squared (m?). The local ethics committee approved the
study protocol and informed consent was obtained
from each of the individuals.

Laboratory Tests

The laboratory data were obtained from venous
blood samples drawn after at least 12 hours of fast-
ing. Lipid profile, glucose, and creatinine levels were
measured according to standard methods. Serum UA
levels were measured by an enzymatic colorimetric
method (Cobas Integra Uric Acid Cassette; Roche
Diagnostics, Indianapolis, IN) on an autoanalyzer
(Cobas Integra 400; Roche Diagnostics). hs-CRP lev-
els were assessed using the BN2 model nephelometer
(Cardio Phase hsCRP Assay; Dade Behring, Marburg,
Germany).

Ambulatory BP Monitoring

Twenty-four-hour noninvasive ABPM (Mobilograph,
Stolberg, Germany) was performed as described else-
where. BP readings were recorded at 20-minute inter-
vals during the daytime and at 30-minute intervals
during nighttime. All patients were asked to undertake
their usual daily activities. Daytime and nighttime
were defined as 6 aM to 10 pm and from 10 rMm to
6 AM, respectively. Sleep and wake periods were
assessed based on the information obtained from the
patients. The recordings were analyzed using interac-
tive software and patients were excluded from the
study if >20% of the measurements were not recorded
successfully. From the hourly averages of ambulatory
BP recordings, daytime, nighttime, and 24-hour aver-
ages of systolic, diastolic, and mean BPs were calcu-
lated for each patient. Patients with BP decline of
>10% during nighttime were defined as dippers,
whereas those with a recorded decline <10% were
considered nondippers.* In addition to dipping status,
we also defined the percentage decline in nocturnal
SBP and DBP from day to night by implementing the

formula: [(daytime BP mean) — (nighttime mean)]/day-
time BP mean) x 100.

Statistical Analysis

Statistical analysis was performed by using SPSS 15.0
statistical software (SPSS Inc, Chicago, IL). The Kol-
mogorov-Smirnov test was used to determine whether
the continuous variables were normally distributed.
Parametric tests were applied with normal distribu-
tion, whereas nonparametric tests were used without
normal distribution. Normally distributed variables
were given as meanztstandard deviation, while those
variables featured by non-normal distribution were
given as medians with interquartile ranges. One-way
analysis of variance or Kruskal-Wallis tests were used
for continuous variables, whereas chi-square test was
used for categorical variables to test the differences
among the control, dipper, and nondipper groups.
Differences between subgroups were revealed using
Tukey’s multiple comparison post hoc test. Data were
analyzed to identify whether serum UA was indepen-
dently associated with nondipping pattern by using
univariate logistic and stepwise multivariate logistic
regression models. Odds ratios and 95% confidence
intervals were estimated for the effect of independent
variables on nondipper pattern. A P value <.05 was
accepted to be statistically significant.

RESULTS

The study consisted of 112 newly diagnosed essential
hypertensive patients and 50 control patients. On the
basis of the results of 24-hour ABPM, the patients were
divided into two subgroups: 60 dippers (35 men, 25
women; mean age, 52.6+15.8 years) and 52 nondip-
pers (29 men, 23 women; mean age, 55.9+13.2 years).
Office BP values were similar between nondipper
hypertensive and dipper hypertensive patients (SBP,
154.94£9.9 mm Hg vs 151.3+410.8 mm Hg, P=.073;
DBP, 93.8+9.0 mm Hg vs 92.2+8.7 mm Hg, P=.334).
The nocturnal systolic, diastolic, and mean BP levels,
together with nighttime mean heart rates, were found
to be significantly greater in nondippers than dippers
(Table I).

Table II summarizes the demographic and clinical
data of the study groups. The nondipper patients were
older and their body mass indexes were greater than
those in the dipper and control groups, but the differ-
ence did not reach statistical significance. There were
also no significant differences between the groups in
terms of sex distribution and presence of diabetes
mellitus, yet smoking rates were higher in the nondip-
per group. A small but statistically significant differ-
ence was observed in the high-density lipoprotein
levels in the nondipper group compared with the dip-
per group (41.7+10.7 vs 46.6+11.4, P=.032). Nondip-
pers also had higher hs-CRP levels compared with the
dipper and control  groups  (5.54+3.0 mg/dL,
3.0+0.9 mg/dL, and 1.74+0.9 mg/dL; P<.001, nondip-
per, dipper, and control groups, respectively).
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TABLE I. Comparison of Ambulatory Blood Pressure Monitoring Results Between Dipper and Nondipper
Hypertensive

Dippers (n=60) Nondippers (n=52) P Value
24-h ambulatory SBP, mm Hg 137.9+10.0 144.3+11.6 .002
24-h ambulatory DBP, mm Hg 87.6+10.4 91.3+10.9 .066
24-h mean BP, mm Hg 104.4+9.4 109+10.0 .013
24-h mean heart rate, beats per min 73.6+9.7 76.7+10.3 .081
Daytime SBP, mm Hg 142.2+10.1 144.8+11.6 .201
Daytime DBP, mm Hg 90.9+10.8 91.8+11.6 .644
Daytime mean BP, mm Hg 108+9.6 109.5+10.4 419
Daytime mean heart rate, beats per min 75.94+9.0 75.949.2 .970
Nighttime SBP, mm Hg 123.8+12.4 143.6+14.4 <.001
Nighttime DBP, mm Hg 75.7+9.9 89.7+11.1 <.001
Nighttime mean BP, mm Hg 91.7+9.8 107.6+£11.0 <.001
Nighttime mean heart rate, beats per min 65.3+10.4 69.8+11.1 .017
The rate of systolic fall in nighttime 13.0+5.6 0.8+6.8 <.001
The rate of diastolic fall in nighttime 16.8+£5.7 1.9+6.8 <.001
Abbreviations: BP, blood pressure; DBP, diastolic blood pressure; SBP, systolic blood pressure.
TABLE Il. Demographic and Biochemical Data of the Patient and Control Groups
Control (n=50) Dippers (n=60) Nondippers (n=52) P Value
Age, y 53.9+14.4 52.6+15.8 55.9+13.2 497
Men, No. (%) 26 (52) 35 (58.3) 29 (55.8) 467
Body mass index, kg/m? 26.4+3.1 27.1+3.6 27.6+4.0 .255
Current smoker, No. (%) 10 (20) 13 (21.6) 21 (40.4) .033P
Diabetes mellitus, No. (%) 7 (14) 11 (18.3) 8 (15.3) .817
In-office SBP, mm Hg 126.3+5.8 151.3+10.8 154.94+9.9 <.001°
In-office DBP, mm Hg 76.2+5.3 92.2+8.7 93.8+9.0 <.001°¢
Fasting glucose, mg/dL 93 (86-103) 96 (89-102) 99 (88-108) 496
Serum creatinine, mg/dL 0.70 (0.60-1.00) 0.80 (0.70-1.00) 1.0 (0.70-1.3) .0132P
Serum uric acid, mg/dL 4.24+0.9 5.1+0.9 5.8+0.8 <.0012b4
Fasting lipid status, mg/dL
Total cholesterol 203.1+35.5 209.8+37.6 198.5+35.5 257
HDL cholesterol 46.1+9.3 46.6+11.4 41.7+10.7 .0322
LDL cholesterol 129.7+35.6 128.5+36.5 119.7+28.8 .264
Triglycerides 151 (114-190) 149 (109-188) 132 (101-165) 475
Hemoglobin, g/L 14.3+1.2 14.5+1.4 13.8+1.6 .0222
Platelet count, x10°/L 254.8+72.5 278.2+61.0 261.4+80.9 .202
White blood cell count, x10°/L 7.441.7 7.541.7 8.1+1.7 .060
hs-CRP, mg/L 1.7+0.9 3.0+0.9 5.5+3.0 <.0012Pd

Abbreviations: DBP, diastolic blood pressure; HDL, high-density lipoprotein; hs-CRP, high-sensitivity C-reactive protein; LDL, low-density lipoprotein;
SBP, systolic blood pressure. Data are expressed as mean-+standard deviation or median (interquartile range). *Between nondipper and dipper
group. °Between nondipper and conrol group. °Between patient groups and control group. “Between dipper and control group.

As shown in Figure 1, serum UA levels were higher
in nondipper patients compared with dippers and
controls  (5.840.8 mg/dL, 5.1+0.9 mg/dL, and
4.240.9 mg/dL; P<.001, respectively). Serum UA neg-
atively correlated with the fall in systolic and diastolic
BP at night both in the dippers and the nondippers
(Figure 2). Serum UA correlated with hs-CRP levels in
hypertensive patients (r=0.358, P<.001) (Figure 3). In
univariate and stepwise multivariate analysis, serum
UA (P=.003), hs-CRP levels (P<.001), and smoking
(P<.013) independently predicted nondipper status in
hypertensive patients (Table III).

DISCUSSION

In this study we demonstrate that serum UA level is
significantly increased in patients with nondipper
hypertension compared with hypertensive dippers and
normotensive controls. Serum UA levels negatively
correlated with the fall of systolic and diastolic BP at
night.

Hypertension is the most common chronic disease
and has a causative role in the death of almost
7.5 million people per year.>> The etiology of essential
hypertension is multifactorial and the number of fac-
tors involved in the pathogenesis of hypertension are
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FIGURE 1. Mean serum uric acid (UA) and C-reactive protein levels
in patients with controls, dippers, and nondippers. hs-CRP indicates
high-sensitivity C-reactive protein.

constantly increasing. Epidemiological and experimen-
tal studies have shown that there is a strong relation-
ship between UA and hypertension.*® Furthermore,
elevated serum UA levels are associated with a risk for
developing hypertension, independent of other risk fac-
tors.>® The relationship between hypertension and UA
was first described in 1874,>” and studies linking this

association have been noted primarily in the past 5
decades. In 1966, Cannon and colleagues'® demon-
strated hyperuricemia in 25% to 50% of untreated
essential hypertensive patients, and the relationship
between UA level and hypertension was significant.
Compared with normotensive patients, serum UA
levels were significantly elevated in hypertensive
patients.®® Conversely, in asymptomatic patients with
hyperuricemia, investigators have found that incidence
of hypertension is around 50%.%° Studies also sug-
gested that serum UA level was an independent predic-
tor for the development of new-onset hypertension.
Three decades ago, Kahn and colleagues® reported that
increased serum UA was an independent risk factor
for hypertension and serum UA was positively corre-
lated with SBP. In a study conducted in 3329 Framing-
ham study participants who had been free of
hypertension, Sundstrom and colleagues'® demon-
strated that serum UA level was an independent pre-
dictor for hypertension incidence and longitudinal BP
progression during a 4-year follow-up. In another
large, community-based cohort study, Nagahama and
colleagues'? found that serum UA was an independent
predictor of developing hypertension in both men and
women. In the Bogalusa Heart Study, Alper and
colleagues” followed up 577 children for a 12-year
period. Childhood serum UA levels and their rates of
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FIGURE 2. Percentage decline in blood pressure from day to night in relation to uric acid level in dippers and nondippers. SBP indicates systolic

blood pressure; DBP, diastolic blood pressure.
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FIGURE 3. Correlation between serum uric acid levels and inflamma-
tory activity. hs-CRP indicates high-sensitivity C-reactive protein.

change from childhood into adulthood were strongly
and independently correlated with BP levels in adult-
hood. In addition, UA is a powerful risk marker for
future cardiovascular disease and all-cause mortality in
patients with essential hypertension.*°
Twenty-four-hour ABPM helps establish an accurate
diagnosis of hypertension in patients with suspected
hypertension and also provides clinicians with more
valuable information in patients with established
hypertension compared w1th either repeated clinic or
home BP measurements.’ Based on the ABPM results,
hypertension can be classified as dipper or nondipper
pattern. The nondipper pattern is associated with an
increased risk for cardiovascular, cerebrovascular, and
renal complications.*>*! Although the exact mecha-
nisms of nondipping pattern have yet to be wholly elu-
cidated, studies suggest that nondippers display
1mpalred autonomic dysfunction, higher symgathetic
activity, and higher inflammatory activity.**=* While
the relat10nsh1p between UA and hypertension is not
debated,*® currently there is no information on
whether UA is related to nondipper status in essential
hypertension. In our study, increased serum UA was
an independent and strong predictor of nondipper

Uric Acid and Nondipper Hypertension | Turak et al.

hypertension. Additionally, we found that inflamma-
tory activity seemed to be increased in nondippers and
hs-CRP level was significantly correlated with serum
UA level (r=0.357, P<.001).

The proinflammatory properties of UA have been
shown in experimental and clinical studies. UA stimu-
lates the synthesis of monocyte chemoattractant
protein-1 in rat vascular smooth muscle cells.*® In
humans, soluble UA associated positively with inter-
leukin 6 and tumor. necrosis factor-o and negatively
with interleukin 18*” and stlmulates secretion of CRP
in human vascular cells.’® A relationship between
serum UA level and inflammation has also been shown
in clinical studies using various c1rculat1ng inflamma-
tory markers, such as fibrinogen,*® monocyte chemo-
attractant protem 1,* mterleukm 6,* tumor necrosis
factor-o,*” and CRP

In hypertensive 1nd1V1duals, early identification of the
nondipping pattern can aid the physician in identifying
individuals who are at increased risk for cardiovascular
disease. To our knowledge, this is the first study to
evaluate UA in nondipper hypertension. The aforemen-
tioned correlation between UA and inflammation may
elucidate the relationship between UA and nondipping
status. These studies suggest that serum UA may pro-
vide a useful biomarker for identifying who is prone to
nighttime nondipping hypertensive pattern and, hence,
poorer cardiovascular outcomes.

Study Limitations

Limitations included the fact that the study was
cross-sectional and represented only a single-center
experience. Nondipper hypertensive patients were not
followed for the development of cardiovascular events.
Serum UA and hs-CRP levels were measured only at
the beginning of the study. The levels of these markers
have a possibility to change over time in a given
person. Although a significant association between
elevated serum UA and nondipping pattern was identi-
fied, we could not establish the precise mechanism of
this association.

CONCLUSIONS
Increased serum UA and hs-CRP levels are indepen-
dent markers for nondipper status in patients with

TABLE lllI. Significant Predictors of Nondipping Status in Univariable and Stepwise Multivariable Logistic
Regression Analysis
Univariable Stepwise Multivariable

Variable OR (95% CI) P Value OR (95% ClI) P Value
HDL 0.96 (0.93-1.00) .03 - -
Hemoglobin 0.71 (0.55-0.93) .01 - -
Uric acid 2.63 (1.61-4.31) <.001 2.28 (1.33-3.94) .003
Creatinine 3.88 (1.09-13.83) .036 - -
hs-CRP 1.46 (1.23-1.73) <.001 1.37 (1.13-1.64) .001
Smoking 2.45 (1.07-5.60) .034 3.57 (1.30-9.79) .013
Abbreviations: Cl, confidence interval; HDL, high-density lipoprotein; hs-CRP, high-sensitivity C-reactive protein; OR, odds ratio.
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essential hypertension. A large prospective study aim-
ing at lowering serum UA levels should be performed
to determine whether such treatments would improve
adequate reduction of BP levels at nighttime.
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