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Abstract

We investigated changes in blood pressure (BP) and metabolic adverse effects, especially elevation of uric acid (UA), after
treatment with a thiazide-like diuretic (TD) in patients with essential hypertension. Furthermore, the role of genetic factors in
the elevation of UA by TD was assessed by a 500 K SNP DNA microarray. The subjects included 126 hypertensive patients
(57 women and 69 men, mean age 59 + 12 years) who registered for the GEANE (Gene Evaluation for ANtihypertensive
Effects) study. After one month of the nontreatment period, TD, indapamide, angiotensin II receptor antagonist valsartan,
and Ca channel blocker amlodipine were administered to all patients for 3 months each in a randomized crossover manner.
BP, renal function, serum UA level, and electrolytes were measured at baseline and at the end of each treatment period.
Single nucleotide polymorphisms (SNPs) associated with UA elevation after treatment with indapamide were investigated
by a genome-wide association study (GWAS). Indapamide significantly decreased both office and home BP levels.
Treatment with indapamide also significantly reduced the estimated glomerular filtration rate and serum potassium and
increased serum UA. Patients whose UA level increased more than 1 mg/dl showed significantly higher baseline office SBP
and plasma glucose and showed greater decline in renal function compared with those who showed less UA increase (<1 mg/
dl). Some SNPs strongly associated with an increase in UA after treatment with indapamide were identified. This study is the
first report on SNPs associated with UA elevation after TD treatment. This information may be useful for the prevention of
adverse effects after treatment with TD.
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Introduction and ESH/ESC guidelines for hypertension [5]. Anti-

hypertensive treatment with thiazide diuretics reduces cardi-

The blood pressure (BP) control status of hypertensive
patients remains insufficient [1]. The mean salt intake still
exceeds 10 g/day in Japan [2], and salt-sensitive hypertension
is frequent. Thus, thiazide diuretics are recommended as the
first-line antihypertensive drugs or as a combination therapy
to achieve target BP levels in the Japanese guidelines for
hypertension (JSH 2014) [3] and the recent AHA/ACC [4]
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ovascular risk [6, 7]; however, the adverse effects of diuretics,
including electrolyte abnormalities such as hypokalemia and
unfavorable disorders on metabolic parameters, such as
impaired glucose tolerance and hyperuricemia, are frequently
observed. An elevation of uric acid (UA) not only leads to
gout but also the development and progression of renal dis-
ease and cardiovascular diseases [8—10].

A genome-wide association study (GWAS) is a useful
approach to identify causative genes and gene polymorphisms
of target diseases. Some single nucleotide polymorphisms
(SNPs) associated with hypertension were clarified by GWAS
[11]. Investigations of SNPs targeted for the effectiveness of
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antihypertensive drugs, including diuretics, calcium channel
blockers (CCB), and angiotensin II receptor blockers (ARB),
have improved the ability to predict antihypertensive
responses [12, 13]. Regarding hyperuricemia, genetic deter-
minants related to serum UA levels have also been identified
[14-16]. However, there are limited studies investigating the
genetic backgrounds associated with hyperuricemia induced
by thiazide diuretics.

The purpose of the present study was to investigate
factors, including genetic the background, associated with
elevated UA after treatment with a thiazide diuretic in
patients with essential hypertension.

Methods

The subjects were 126 hypertensive patients (57 women and
69 men, mean age 59+ 12 years) who registered for the
GEANE (Gene Evaluation for ANtihypertensive Effects of
drugs) study. The GEANE study was a multicenter clinical
trial registry in Japan (UMIN-CRT-C000000119) that utilized
an open random crossover protocol to examine the anti-
hypertensive effects of valsartan (angiotensin II receptor
antagonist; ARB), indapamide (thiazide-like diuretic;
DIU), and amlodipine (Ca channel blocker, CCB) (Fig. 1).
After one month of the nontreatment period, indapamide
(1 - 2 mg/day), valsartan (40 — 80 mg/day), and amlodi-
pine (2.5 — 5 mg/day) were administered to all patients for
3 months each in a randomized crossover manner. In the
GEANE study, the order of drug prescription for each
patient was decided by an automatic randomization system
in the administrative office. BP, renal function, UA, and
electrolytes were measured at baseline and at the end of each
treatment period. Office BP was measured twice with a
mercury sphygmomanometer by a doctor while the patients
were quietly seated at the end of each period, and the aver-
aged values were used for analysis. Home BP was measured
in the sitting position by the patients once in the early
morning and evening (before retiring). The average values of
home BP during the last 3 days at the end of each period were
used for statistical analysis. The estimated glomerular filtra-
tion rate (eGFR) was calculated using the Modification
of Diet in Renal Disease (MDRD) formula (for men, 194 x
serum creatinine levels_l'094><age_0'287; for women, 194 x
serum creatinine levels_l'094xage_0'287x0.739 [17]). SNPs
associated with UA level after treatment with indapamide
were investigated. Samples in the GEANE study were gen-
otyped by the Affymetrix Genome-Wide Human Array 5.0 at
the Research Institute of the National Cerebral and Cardio-
vascular Research Center. In this study, we investigated the
association between elevation of UA after treatment with a
thiazide-like diuretic and SNPs genotyped in the GEANE
study. The GEANE study was approved by the Ethical
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Fig. 1 The GEANE study (Gene Evaluation for ANtihypertensive
Effects of drugs study; multicenter clinical trial registry in
Japan) design

Review Committee of the National Cardiovascular Center and
other collaborated institutes. Written informed consent was
obtained from each study participant.

Statistical analysis

Values are presented as the mean + standard deviation (SD).
Differences in variables were compared by either a paired #-
test or analysis of variance. A chi-square test was also uti-
lized when appropriate. P values <0.05 were considered
significant. All calculations for clinical data analysis were
performed using a standard statistical package (JMP 10;
SAS Institute, Cary, NC, USA).

For genetic analysis, the data were examined using the
PLINK 1.07 software (the Center for Human Genetic
Research, Massachusetts General Hospital, and the Broad
Institute of Harvard & MIT) in the following two evaluation
models: (i) the case-control (responder—nonresponder) SNP
association study by the cut-off definition as follows: patients
with  UA>1mg/dl after indapamide administration are
defined as the drug-induced UA elevation. (ii) Linear regres-
sion for postmedication UA with SNPs and premedication UA
as covariates. Finally, 290,698 SNPs were genotyped by
the 500 K DNA microarray. The statistically significant level,
p<1.72x1077 (0.05/290,698 SNPs), is significant by Bon-
ferroni’s correction. We considered a p value of <107 as a
statistically acceptable level based on the previous genome-
wide association study (GWAS) by the Wellcome Trust Case
Control Consortium (WTCCC), in which the same DNA
microarray was used in the present study [11].

Results

The clinical characteristics and biochemical parameters of
the subjects in the control periods are shown in Table 1. The
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Table 1 Characteristics of the patients at baseline (N = 126)

Table 3 Comparison of the characteristics between patients whose UA
level increased more than 1 mg/dl and those who showed less UA

Age (years) 58+12
Male (%) 55
Office blood pressure (mmHg) 156 +14/93 +9

Morning home blood pressure (mmHg)

Evening home blood pressure (mmHg)

145+11/89+11
140+ 12/86 + 10

increase (N = 126)

Serum total cholesterol (mg/dl) 212+33
Serum HDL cholesterol (mg/dl) 57+15
Serum triglyceride (mg/dl) 14592
Plasma glucose (mg/dl) 106 +24
¢GFR (ml/min/1.73 m?) 76 £15
Serum uric acid (mg/dl) 57+2.1
Serum potassium (mEq/1) 42+0.3
HbAlc (%) 5.5+0.6
Mean + SD

eGFR estimated glomerular filtration rate

Table 2 Changes in parameters of the study subjects after treatment
with a thiazide-like diuretic

AOffice BP (mmHg)
AMorning home BP (mmHg)

—21 + 14%%/—9 £ §%%
15+ 1155/~ ] £ 755

AEvening home BP (mmHg) —11 £ 13%%/—6 £ 9%*

ASerum total cholesterol (mg/dl) T £23%*
ASerum HDL cholesterol (mg/dl) 03+7.6
ASerum triglyceride (mg/dl) 11+86
APlasma glucose (mg/dl) 2+19
AeGFR (ml/min/1.73 m?) —3.9+9.8%*
ASerum uric acid (mg/dl) 1.1£2.1%*
ASerum potassium (mEq/1) —0.3+0.4%*
AHbAlc (%) 0.1 £0.9%*

Mean + SD
BP blood presssure, eGFR estimated glomerular filtration rate

**p <0.01 vs. Control period

mean age was 58 + 12 years, and 55% of the patients were
male. Table 2 shows the change in the clinical characteristics
and biochemical parameters after treatment with indapa-
mide. The office, morning home, and evening home BPs
decreased from 156 +14/93 +9 to 134 + 14/84 + 10 mmHg,
from 145+ 11/89+ 11 to 131 £ 12/82 + 10 mmHg, and from
140+ 12/86 + 10 to 130+ 13/80 + 11 mmHg after treatment
with indapamide (p <0.01, respectively). Indapamide was
effective both in lowering office and home BPs. Treatment
with indapamide significantly reduced eGFR and serum
potassium and increased serum total cholesterol and UA
levels (Table 2).

Patients whose UA level increased more than 1 mg/dl
(n ="73) tended to be male and showed significantly higher
baseline office systolic BP and plasma glucose compared
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Change in UA level (mg/dl) <1 mg/dl <1 mg/dl

N 53 73

Age (years) 57+12 6011

Male (%) 43 63

Office blood pressure (mmHg) 153 +11/94+9 158 +15%/93 +10
Morning home blood 143+13/89+13 147+10/90+9

pressure (mmHg)

Evening home blood 137+£13/86 £10 142+12/86+10

pressure (mmHg)

Serum total cholesterol (mg/dl) 209 +33 214 £34
Serum HDL cholesterol (mg/dl) 56+ 16 58+15
Serum triglyceride (mg/dl) 132+93 154 £90
Plasma glucose (mg/dl) 100+ 18 110 £ 27%*
eGFR (ml/min/1.73 m?) 79+ 14 75+ 16
Serum uric acid (mg/dl) 57+£2.8 57+14
Serum potassium (mEq/1) 42+03 42+0.3
HbAlc (%) 55+0.7 55+0.6
Mean + SD
eGFR estimated glomerular filtration rate
*p <0.05, ¥*p <0.01 vs. <1 mg/dl
“hanee in U. .
eGFR Change in UA level
(ml/min/1.73m*) <1 mg/dl 1 mg/dl =

l -
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Fig. 2 Changes in renal function in patients with small and large
changes in serum uric acid with indapamide

with those who showed less UA increase (<1 mg/dl, n =53)
(Table 3). In addition, patients whose UA level increased
more than 1 mg/dl showed a greater decline in renal func-
tion (Fig. 2).

Figure 3 shows the result of the Manhattan plots from the
GWAS, indicating that SNPs associated with UA level
increased more than 1 mg/dl after treatment with indapa-
mide. The SNP shown in red is particularly strongly rele-
vant, and rs17067290 is located on chromosome 4.
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Fig. 3 Manbhattan plots in
associated SNPs with an
increase in UA after the addition
of indapamide in the allelic

model. rs17067290 (Ch 4: red ”.‘.-' : O \
circle) had a possible association L g todd 2 W
with an increase in UA after the n’
addition of indapamide with the - .
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1 4 6 $ 9 10 I 12 B U7 0 N
p value 9o
Chromosome
dbSNPID UAlmg/dl= UA <1mg/dl P Odds ratio
(Ched) TT+TG GT+GG TT+TG GT+GG
117067290 100 4 120 594x10¢ 840

Genotypes with the T allele showed a higher prevalence of
UA elevation >1.0 mg/dl by odds ratio 8.4 than other gen-
otypes, although there was no significant association with
p value 5.94 x 107 >1.72 x 10*7). In addition, two SNPs,
1s2429085 and rs2072883, are located on chromosomes 5
and 22, respectively, and UA levels after treatment with
indapamide were markedly different among three genotypes
in 12429085, A/A (from 5.88 +1.25 to 8.24 +2.28 mg/dl),
A/G (from 5.52 +£1.46 to 6.74 + 1.88 mg/dl) and G/G (from
5.64+1.52 to 6.60+1.78 mg/dl), in 1rs2072883 of
cytoskeleton-related genes, tubulin tyrosine ligase-like
family, member 1 (TTLL1), C/C (from 5.20+1.10 to
9.15+£1.93 mg/dl), C/T (from 5.33+1.34 to 6.56+1.94
mg/dl) and T/T (from 5.70+1.50 to 6.80 + 1.86 mg/dl)
(Fig. 4). As shown in Fig. 4, rs2072883 showed a sig-
nificant difference in UA elevation after taking indapamide
among genotypes in the recessive model adjusted by pre-
UA level with a p value of 1.32x1077 (<1.72x1077).
Furthermore, there was a significant association of this SNP
with UA elevation after indapamide administration adjusted
by sex and eGFR with a p value of 8.49 x 107,

Discussion

In the GEANE study, a standard dose of indapamide was
effective in lowering BPs; however, adverse effects on
potassium, UA, glucose and lipid metabolism, and renal
function were demonstrated. In addition, some SNPs asso-
ciated with an increase in UA after treatment with indapa-
mide were identified by a GWAS investigating ~500
K SNPs.

Indapamide has been reported to reduce stroke and major
cardiovascular events, to decrease left ventricular mass and
to reduce microalbuminuria [18-20]. There is no difference
in the antihypertensive effects between high-dose and low-

dose diuretics; however, metabolic adverse effects often
occur in a dose-dependent manner [3, 21-23]. Thus, JSH
2014 recommended low-dose usage of thiazide-like diure-
tics [3]. In addition, even the low dose of diuretics has been
reported to increase UA levels [23, 24]. An increased UA
level has been associated not only with gout attack but also
with the development and progression of renal disease and
the risk of cardiovascular diseases [6—8, 25]. However, an
increase in UA less than 1 mg/dl was associated with a
hazard ratio of 0.58 for coronary events compared with
those with UA increase more than 1 mg/dl [26].

Although the exact mechanism of diuretic-induced
hyperuricemia remains unknown, hydrochlorothiazide
(HCTZ) may increase UA levels through diverse mechan-
isms, including impairment of UA secretion secondary to
volume depletion, inhibition of UA efflux by multidrug
resistance protein 4 and increasing UA reuptake through
direct effects on organic anion transporters [24, 27, 28].

Some genetic predictors of metabolic adverse effects,
such as triglyceride or total cholesterol elevations, were
analyzed in hypertensive patients treated with diuretics [28].
Similarly, several novel gene regions (LUC7L2, COX18/
ANKRD17, FTO, PADI4, and PARD3B) in African
Americans and one region (GRIN3A) in Caucasians [29]
were associated with HCTZ-induced UA elevations in the
PEAR study; however, to our knowledge, there is no
pharmacogenomic study on diuretic-induced UA elevations
in East Asian or Japanese hypertensives. In the present
study, three SNPs associated with an increase in UA after
treatment with indapamide were suggested. First,
rs17067290, out of a specific gene, was associated with a
frequency of UA elevation >1mg/dl after indapamide
treatment, as shown in Fig. 3. Regarding the other two
SNPs, 1s2429085 was located in the sparc/osteonectin,
cwev and kazal-like domains proteoglycan 1 (SPOCKI)
gene, and rs2072883 indicated a significant difference in the
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Fig. 4 Manhattan plots in
associated SNPs with serum uric 6
acid levels among genotypes after
the addition of indapamide in the
recessive model. 152429085 (Ch
5: red circle) had a possible
association with an increase in
UA after the addition of
indapamide with nonsignificant
p value of 5.28 x 107>, The
rs2072883 (Ch 22: red circle) had 1 2
a significant association with an

increase in UA after the addition

13 14 15 16 1718 20 22
19 21

6 7 8 9 10 112

Chromosome

of indapamide with the lowest

7 L. dbSNPID Genotype P Gene
p value of 1.32x 107/, which 1s7 (Chrs) AA A/G GG
less than the p value <1.72 x 10~
by Bonferroni correction 1s2429085 PreUA: 5.88+1.25 5524146 5.64+152 528%10°  sparc/osteonectin, cwev andkazal-like
PostUA:824+228 6.74+1.88 6.60+1.78 domainsproteoglycan (testican) 1: 3'UTR
dbSNPID Genotype P Gene
(Chr22) c/C T T

rs2072883 PreUA: 5.20%+1.10 5.33+1.34 570+1.50 1.32%x107
PostUA:0.15+193 6.56+194 6.80+1.86

recessive model. This SNP is located in the tubulin tyrosine
ligase-like family member 1 (TTLLI) gene, as shown in
Fig. 4. Regarding SPOCKI1, proteoglycans, which consist
of a core protein and covalently linked glycosaminoglycans,
are components of the extracellular matrix. SPOCK encodes
a member of a novel Ca*™-binding proteoglycan family.
Polyglutamylases, such as TTLLI1, -catalyze poly-
glutamylation, a reversible posttranslational protein mod-
ification that results in the addition of polyglutamate chains
to the C termini of tubulins and other proteins. Poly-
glutamylases also add glutamate side chains to glutamate
residues within the primary protein sequence. We could not
clearly explain the role of these two gene variations in
SPOCKI and TTLLI in UA elevation after indapamide
treatment. Functional investigation should be necessary.

The study limitations are as follows: because this study
was a crossover design using three antihypertensive drugs,
recruitment of subjects was not easy even in a multicenter
study. This was the main reason for the relatively small
sample size and the lack of a replication study in this study.
As described in the statistical analysis, the p value was very
low at <1.72x 1077 (0.05/290698 SNPs) after Bonferroni
correction. Only rs2072883 met this significant p value
level even after adjustment by confounding factors. Other
presented SNPs are potential susceptible signals.

Taken together, the present study results indicate that
diuretic treatment, such as indapamide, may increase serum
UA levels in patients with higher office BP and metabolic
abnormalities, especially in patients with specific genetic
polymorphisms presented in this study. We should use
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TTLLI1 (tubulin tyrosine ligase-like family,
member 1): 3'UTR

diuretics for hypertensive patients with attention to the risk
of hyperuricemia and gout.

In conclusion, office and home BP levels decreased after
treatment with indapamide. The increase in UA due to
indapamide was prominent in patients with high BP or
plasma glucose and was associated with the decline in renal
function. A possibility that some SNPs associate with an
increase in UA after treatment with a thiazide-like diuretic
was suggested.
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