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Genetic Variations of CYP2C9 in 724
Japanese Individuals and Their Impact on
the Antihypertensive Effects of Losartan

Tong YIN", Keiko MAEKAWA?, Kei KAMIDEY, Yoshiro SAITO?, Hironori HANADAY,
Kotaro MIYASHITA®, Yoshihiro KOKUBO?, Yasuhisa AKAIWA®, Ryoichi OTSUBO?,
Kazuyuki NAGATSUKA®Y, Toshiho OTSUKI*, Takeshi HORIO, Shin TAKIUCHI?,
Yuhei KAWANO?, Kazuo MINEMATSUY, Hiroaki NARITOMI*, Hitonobu TOMOIKE?,
Jun-ichi SAWADA?, and Toshiyuki MIYATA"

CYP2C9, a drug-metabolizing enzyme, converts the angiotensin Il receptor blocker losartan to its active
form, which is responsible for its antihypertensive effect. We resequenced CYP2C9 in 724 Japanese indi-
viduals, including 39 hypertensive patients under treatment with losartan. Of two novel missense mutations
identified, the Arg132GIn variant showed a fivefold lower intrinsic clearance toward diclofenac when
expressed in a baculovirus-insect cell system, while the Arg335GIn variant had no substantial effect. Several
known missense variations were also found, and approximately 7% of the Japanese individuals (53 out of
724) carried one of the deleterious alleles (CYP2C9*3, *13, *14, *30, and Arg132GIn) as heterozygotes. After
3 months of losartan treatment, systolic blood pressure was not lowered in two patients with CYP2C9*1/*30,
suggesting that they exhibited impaired in vivo CYP2C9 activity. CYP2C9*30 might be associated with a
diminished response to the antihypertensive effects of losartan. (Hypertens Res 2008; 31: 1549-1557)
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oxidative metabolism of up to 15% of drugs that undergo

phase I metabolism (/, 2). About 30 nonsynonymous varia-

Introduction tions of CYP2C9 have been identified. Of these, the effects of

CYP2C9, a major isoform of the cytochrome P450 superfam- CYP2C9*2 (Argl44Cys) and CYP2C9*3 (Tle359Leu) have
ily, accounts for approximately 20% of the total cytochrome been well studied for their reduced metabolic activities
P450 protein in liver microsomes and is responsible for the towards substrates such as warfarin, tolbutamide, and losar-
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tan, both in vifro and in vive (3, 4). The allelic frequencies for
these deleterious variations differ considerably among differ-
ent ethnic populations. In Caucasian populations, the frequen-
cies of CYP2C9*2 and CYP2C9*3 were 8-14% and 4-16%,
respectively (5). In contrast, CYP2C9*2 was not present in
Asian populations, and CYP2C9*3 was present in only 1-4%
of Asian populations. Therefore, interethnic variability
reported in the pharmacokinetics and pharmacodynamics of
drugs, metabolized mainly by CYP2C9, could not be fully
explained by the common variants alone. Recently, a number
of novel nonsynonymous variations of CYP2C9 have been
identified in different Asian populations (6-/1/). Functional
analysis of these variations in vitro indicated the existence in
Asians of new deleterious alleles of CYP2C9 that might have
clinical relevance.

Losartan, the first selective angiotensin II receptor antago-
nist, was reported to significantly reduce the risk of cardio-
vascular endpoint outcomes compared with atenolol in high-
risk hypertensive patients with left ventricular hypertrophy
(12). Large interindividual variations in the efficacy and tox-
icity of losartan have been reported, and it has been suggested
that they are genetically determined. A relationship was sug-
gested between the polymorphism in the receptor gene,
AGTIR, and its humoral and renal hemodynamic responses
(13). However, losartan is oxidized primarily by CYP2C9 to
an active carboxylic acid metabolite, E-3174, which has
higher potency and a longer half-life than losartan and is
therefore responsible for most of the antihypertensive effects
(14, 15). The effects of CYP2C9*2 and CYP2C9*3 on losar-
tan oxidation have been extensively studied both in vitro and
in vivo, consistently demonstrating the functional defect of
the CYP2C9*3 allele in decreasing the oxidation of losartan
(16-20). However, the clinical relevance of genotypes of
CYP2C?9 to the variable blood pressure—lowering responses to
losartan in hypertensive patients has not been fully clarified.
Furthermore, it remains unknown whether the other deleteri-
ous CYP2C9 alleles in Asians (6-//) might lead to the phe-
notypes of impaired therapeutic responses to this drug.

We studied several genes responsible for essential hyper-
tension and interindividual differences in responses to war-
farin and antihypertensive drugs (2/, 22). To identify the
functional mutations, we resequenced some candidate genes
including WNK4, SCNNIB, SCNNIG, NR3C2, and RGS2 for
hypertension (23-26) and FKORCI, GGCX, and CALU for
warfarin (22, 27). In the course of this resequencing, we
noticed that the deleterious mutations are present more fre-
quently than we expected, and the rare mutations with delete-
rious function would increase the total phenotype change.

In the present study, we resequenced the CYP2CY in 724
Japanese individuals. Two novel missense mutations were
functionally analyzed in the baculovirus/insect cell expres-
sion system with diclofenac as a substrate. Furthermore, we
assessed the blood pressure-lowering responses to losartan in
hypertensive patients with the deleterious mutations in
CYP2C9.

Methods

Subjects

Seven hundred twenty-four Japanese subjects in this study
were enrolled for genetic sequencing of CYP2CY. The study
subjects consisted of 312 patients with stroke and 412 patients
with hypertension. Stroke patients (87 females and 225
males; average age: 65.36+11.87 years; body mass index:
23.28+3.01 kg/m®) were admitted to the Cerebrovascular
Division of the National Cardiovascular Center (22, 28). They
had all experienced an ischemic stroke within 7 d prior to
admission. Hypertensive patients (196 females and 216
males; average age: 64.83+10.42 ycars; body mass index:
24.55+3.69 kg/m?) were recruited from the outpatients clinic
in the Division of Hypertension and Nephrology at the
National Cardiovascular Center (23-26, 29). Hypertension
was defined as systolic blood pressure > 140 mmHg, diastolic
blood pressure >90 mmHg, or the current use of antihyper-
tensive medication. Ninety-three percent of the study subjects
(382 subjects) were diagnosed with essential hypertension,
and the rest had secondary hypertension, including renal
hypertension (10 subjects), renovascular hypertension (9 sub-
jects), primary aldosteronism (7 subjects), and others (4 sub-
jets).

Sixty-nine essential hypertensive patients (30 females and
39 males; average age: 64.36+9.34 years; body mass index:
22.65+7.84 kg/m®) were taking one of three angiotensin 11
receptor blockers (losartan, candesartan, and valsartan) for
treatment of hypertension. Among them, 39 patients had been
receiving 50 mg/d of losartan for more than 3 months. We
evaluated the patients’ average resting blood pressure mea-
sured on three consecutive outpatient clinic visits, before and
after losartan treatment.

The study was approved by the Ethics Review Committee
of the National Cardiovascular Center, and only those sub-
jects who provided written informed consent for genetic anal-
yses were included in the study.

Resequencing of CYP2C9 in 724 Japanese Sub-
jects

Whole blood was collected from each participant, and
genomic DNA was extracted from peripheral blood leuko-
cyte. From each subject, 687 base pairs of the promoter
region, all exons and intron-exon junctions, and the 3-UTR
of CYP2C9 were amplified and sequenced directly on both
strands using an ABI 3730 Automated Sequence Analyzer
(Applied Biosystems, Foster City, USA), as described previ-
ously (27, 30). Primers were designed to be specific to
CYP2C9, with particular attention being paid to avoid ampli-
fication of sequences from homologous genes (cf. Online
Table 1). The obtained sequences were examined for the pres-
ence of variations using Namihei software (Mitsui Knowl-
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edge Industry Co., Ltd., Japan) and Sequencher software
(Gene Codes Corporation, Ann Arbor, USA), followed by
visual inspection. Novel nonsynonymous single nucleotide
polymorphisms (SNPs) were confirmed by sequencing of
PCR products generated from new genomic DNA amplifica-
tions. The genomic and ¢DNA scquences of CYP2C9,
obtained from GenBank (NC_000010.8 and NM 000771.2,
respectively), were used as reference sequences. The A of
ATG of the initiator Met codon was denoted as nucleotide +1,
and the initial Met residue was denoted as amino acid + 1. The
identified missense mutations were mapped in the human
CYP2C9 crystal structure bound with warfarin (3/) by the
PyMOL v0.99 molecular visualization system (DeLano Sci-
entific LLC, San Carlos, USA).

Cloning, Site-Directed Mutagenesis and Vector
Constructions

A full-length human NADPH-cytochrome P450 oxidoreduc-
tase (OR) cDNA was isolated by PCR from human adult nor-
mal liver Quick-Clone cDNA (Clontech, Palo Alto, USA)
with the forward primer, 5-CACCAGTTTCATGATCAA
CATGGG-3', and the reverse primer, 5-GCCCCTAGCTCC
ACACGTCC-3'. The underlined sequence was introduced to
the directional TOPO cloning system, The PCR products
were cloned directly into the pcDNA3.1D/TOPO vector
(Invitrogen, Carlsbad, USA) according to the manufacturer's
instructions (pcDNA3.1D/OR). Two single CYP2C? varia-
tions, 3573 G>A (Argl32Gin) and 42543 G>A (Arg335Gin),
were introduced into the wild-type plasmid (pcDNA3.1D/
CYP2C9/Wild-type) as a template using a QuickChange Site-
Dirccted Mutagenesis Kit (Stratagene, La Jolla, USA), The
primer sequences used for the construction of variant plas-
mids were as follows: 5-CTCCCTCATGACGCTGCA
GAATTTTGGGATGG-3' (sense) and §’-CCATCCCAA
AATTCIGCAGCGTCATGAGGGAG-3" (antisense) for
pcDNA3.1D/CYP2C9/ Argl32Gin. 5-TGATTGGCAGAA
ACCAGAGCCCCTGCATGCA-3’ (sense) and 5-TGCATG
CAGGGGCTCIGGTTTCTGCCAATCA-3 (antisense) for
pcDNA3.1D/CYP2CY/ Arg335Gin.

The position of the exchanged nucleotide is underlined and
in boldface. To ensure that no errors had been introduced dur-
ing amplification, the entire ¢cDNA regions were confirmed
by sequencing the plasmid construct. Both OR and CYP2C9
wild-type or variant cDNAs were subcloned into the baculo-
virus transfer vector, pFastBac Dual (Invitrogen), 3’ of the
P10 promoter, and the polyhedron promoter (polh), respec-
tively (pFastBac Dual/P10.0R/ polh.CYP2C9). Recombinant
baculoviruses carrying both CYP2C9 and OR cDNAs were
produced according to the Bac-to-Bac Baculovirus Expres-
sion system protocol of Invitrogen.
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Expression of Recombinant Proteins in Insect
Cells and Preparation of Microsomal Fractions

For the expression of recombinant proteins using the baculo-
virus expression systems, adherent Spodoptera frugiperda
(8/21) insect cells (3.7 x 10* cells per 225 ecm’ flask) were
infected with recombinant baculoviruses at a multiplicity of
infection of 4 in supplemented form of Grace's Insect
Medium (Invitrogen) with 10% fetal bovine serum and 10 pug/
mL gentamycin. At 16-24 h post-infection, the culture media
were supplemented with 0.2 mmol/L ferric citrate and 0.3
mmol/L §-aminolevulinic acid, and the cells were harvested
at 72-h post-infection. Microsomal fractions from §f2/ cells
were prepared as described previously (/7).

Characterization of Protein Expression

The cytochrome P450 content in insect cell microsomes was
measured by reduced CO-spectrum using the method of
Omura and Sato (32). NADPH-cytochrome P450 OR activity
in insect cell microsomes was measured using cytochrome C
as a substrate as described by Phillips and Langdon (33). The
molar amount of OR was calculated based on an assumed
specific activity of 3.0 umol cytochrome C reduced/min/nmol
purified human OR (34). Western blotting of CYP2C9 and
OR was performed using 2 pg of microsomal protein from
insect cells as described previously (/). For immunostaining
of OR, goat anti-rat OR antiserum (diluted 1:1,000; Daiichi
Pure Chemical Co., Tokyo, Japan) and horseradish peroxi-
dase-conjugated rabbit anti-goat IgG (diluted 1:20,000; Jack-
son ImmunoResearch Laboratories, West Grove, USA) were
used as the first and second antibodies, respectively.

Assay for CYP2C9-Mediated Enzymatic Activity

CYP2C9 activities for the wild-type and two variants were
assessed by diclofenac 4’-hydroxylation as described previ-
ously (//) except that the incubation mixture contained
diclofenac (1.0-100 umol/L), 5 pmol of P450 from insect
microsomes, 10 pmol of purified cytochrome b5 (Oxford Bio-
medical Research, Oxford, UK), and an NADPH regenerating
system (1.3 mmol/L NADP*, 3.3 mmol/L glucose 6-phos-
phate, 3.3 mmol/L. MgCl; and 0.4 unit/mL glucose-6-phos-
phate dehydrogenase), and the reactions were allowed to
proceed for 10 min. The initial mobile phase of high-perfor-
mance liquid chromatography consisted of 70% of a 30% ace-
tonitrile solution containing 1 mmol/L perchloric acid (A) and
30% of methanol (B) and was delivered for 5 min, after which
a 20 min linear gradient from 30% to 100% of B was formed
at a flow rate of | mL/min. Under these conditions, the reten-
tion times of 4"-hydroxydiclofenac, 5-hydroxydiclofenac, and
diclofenac were 14.2, 14.7, and 19.6 min, respectively.
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Fig. 1. Mapping of identified missense variations on the
crystal structure of human CYP2C9 protein bound with war-
Jarin (PDB: 10GS5). Hem and S-warfarin are shown by red
and pink, respectively. The seven missense mutations identi-
fied in this study are presented by a space-filling model.

Statistical Analysis

All SNPs identified were tested for deviations from the
Hardy-Weinberg disequilibrium through the use of a y” test.
Pairwise linkage disequilibrium (LD) between two SNPs was
evaluated by r* using SNPAlyze version 4.0 software
(DYNACOM Co., Ltd., Mobara, Japan). Kinetic parameters
K. and Vo were estimated using a software program
designed for non-linear regression analysis of a hyperbolic
Michaelis-Menten equation (Prism v.3.0a, GraphPad Soft-
ware, San Diego, USA). Kinetic data are presented as the
mean®SD for three microsomal preparations derived from
separate transfections for each variant and analyzed by one-
way analysis of variance. Multiple comparisons were made
with the Scheffe test.

Results

Resequence of CYP2C9 in 724 Japanese Sub-
jects

Upon sequencing the CYP2CY in 724 Japanese subjects, we
identified a total of 31 genetic variations, including 15 novel
ones (Table 1). All of the detected variations (except for the
SNPs of 251 C>A in intron 1 and 3411 T>C in intron 2) were
in Hardy-Weinberg equilibrium for two scparate groups
(=081 in stroke patients and p>0.82 in hypertensive
paticnts) and for all subjects (p=0.66). Since we did not find

=160~
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any significant differences in frequencies between the stroke
patients and the hypertensive patients (p>0.05 by x? test or
Fisher's exact test), the data for all subjects were analyzed as
one group.

Fourteen variations (seven missense and seven synonymous
oncs) were identified in the coding regions of CYP2C9. Two
out of the seven missense mutations were novel, including
Arg132GlIn in one hypertensive patient and Arg335Gin in two
stroke patients. The other five known missense mutations,
lle359Leu (CYP2C9*3), Leu90Pro (CYP2C9*13), Argl25His
(CYP2C9*14), Argl50Len (CYP2C9*27), and Aladd47Thr
(CYP2C9*30), were found in 47, 2, 1, 3, and 2 individuals,
respectively. All the missense mutations were heterozygous,
and there were no compound heterozygotes. The positions of
scven missense mutations on the crystal structure of human
CYP2C9 bound with warfarin are shown in Fig, 1.

Seven synonymous variations were identified, of which
three novel ones (Glul22Glu; n=1, Pro317Pro; n=1, and
Thr392Thr; n=1) were found as single heterozygotes. In the
putative promoter region, two variants (—251 C>A and —162
A>G) (35) were detected, cach in only one individual. A total
of 15 variations were found in the intronic, 3-UTR, and 3'-
flanking regions. Five novel variations in introns 1, 2, and 4
and four novel variations in the 3"-UTR were identified with
allele frequencies less than 0.01.

LD analysis showed that CYP2C9*3 was in LD (+>0.8)
with two variations, 50298 A>T (Gly475Gly) in exon 9 and
50742 T>A in the 3'-flanking region. LD (r?=0.7) was also
noted between two intronic variants, 251 T>C in intron 1 and
3411 T>C in intron 2.

Functional Characterization of Two Novel Mis-
sense Mutations

To functionally characterize the two novel missense muta-
tions, Argl32Gin and Arg335GIn, the wild-type and two
CYP2C9 variants were coexpressed with NADPH-cyto-
chrome P450 OR in 572/ insect cells. The holo-CYP2C9 con-
tent was not significantly different between the wild-type and
variants: 188.6+22.9 pmol/mg microsomal protein for wild-
type, 1923+145 pmol/mg microsomal protein for
Argl32Gln, and 159.315.5 pmol/mg microsomal protein for
Arg335GIn, as determined on three lots from independent
expression experiments. Quantities of cytochrome P420 were
negligible for all preparations (data not shown). Cytochrome
C reductase activities varied slightly but were not signifi-
cantly different among the preparations (632-808 nmol cyto-
chrome C reduced/min/mg protein), and the mean OR/
CYP2C9 molar ratios in microsomal fractions were calcu-
lated to be 1.2, 1.3, and 1.6 for wild-type, Argl32Gin, and
Arg335Gin, respectively.

Immunoblot analyses of CYP2C9 and OR were performed
using insect cell microsomes, and representative data from
three independent preparations are shown in Fig. 2. Quantita-
tive analysis revealed that neither apo-CYP2C9 nor OR pro-
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Fig. 2. Expression of wild-type and two variants of CYP2C9 in insect cell microsomes. Representative Western blots of immu-
noreactive CYP2C9 (A) and OR (B) proteins (upper) are shown. Lanes 1-3: co-expressed microsomes containing wild-type,
Arg132Gln, and Arg335Gin CYP2C9 each with OR; lane 4: microsomes containing solely OR; lane 5: commercially available
co-expressed supersomes containing CYP2C9.1 and OR (BD Bioscience, San Jose, USA). Relative intensities of immunoreactive
CYP2C9 (4) and OR (B) protein are shown in the lower panels. Each bar represents the mean1SD of three separate experi-

menis.

Table 2. Kinetic Parameters for Hydroxylation Activities of Wild-Type and Variant CYP2C9 against Diclofenac

Amino acid alteration K (umol/L) Vamax (pmol/min/pmol P450) Clearance (Vis/Ke) (LL/min/pmol P450)
Wild-type 3.410.17 79.816.6 23.4+0.81

Argl32Gin 1.8+0.05%* 7.8£0.4%* 42103]1**

Arg335Gin 3.0£0.10* 654121 22.0£0.06*

*p<0.05, **p<0.0001 vs. wild-type. One-way analysis of variance, post-hoc test: Scheffe. Data are represented by means:SD.

tein expression levels were significantly different among the
wild-type and two variants (p=0.77 for CYP2C9, p=0.64 for
OR). Catalytic activities of the wild-type and varant
(Argl32Gin and Arg335Gin) proteins were assessed using
diclofenac as a substrate. Diclofenac 4'-hydroxylation exhib-
ited typical hyperbolic kinetic profiles in both the wild-type
and variant proteins (data not shown). The kinetic parameters
are summarized in Table 2. The Arg!32Gin protein showed a
90% decrease in the V.. value and a partial decrease in the
K. value, resulting in fivefold lower intrinsic clearance rela-
tive to the wild-type (Table 2). A slight diminution in intrinsic
clearance (6%) was observed for the Arg335Gin protein with
slightly decreased K, and Vi, values (Table 2). The forma-
tion of 5-hydroxy diclofenac was observed in neither the
wild-type nor variant (Argl32Gin and Arg335Gin) proteins
(data not shown), suggesting that these substitutions do not
alter the regioselectivity of diclofenac hydroxylation.

CYP2C9 Polymorphisms and the Effectiveness of
Losartan in 39 Hypertensive Patients

Among 39 paticnts taking losartan, 34 patients carried the

wild genotype of CYP2C9*1/* I, and the other 5 patients car-
ried missense mutations, including CYP2C9*//*3 in 2
patients, CYP2C9*1/*30 in 2 patients, and Argl32Gin muta-
tion in one patient. The changes in systolic and diastolic blood
pressure with respect to genotypes at 3 months of losartan
treatment are presented in Table 3. Losartan obviously low-
ered systolic blood pressure in 2 patients with CYP2C9*3 and
in a patient with the Argl32GIn mutation. However, losartan
was not effective in 2 patients with CYP2C9* 1/*30).

Discussion

In the present study, the large-scale direct resequencing effort
of the CYP2CY allowed us to detect 31 genetic variations in
724 Japanese individuals. We also obtained accurate frequen-
cies of the known variations, CYP2C9*3, *13, *14, *27 and
* 30, that are specific to Asians, except for *3. As for the novel
alleles, Argl32Gin and Arg335Gin, their effects on both pro-
tein expression levels and enzymatic activity were assessed
using a baculovirus expression system.

The most frequently identified missense mutation in the
present study was CYP2C9*3 (Tle359Leu), with a frequency
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Table 3. Patient Characteristics and Blood Pressure Response to Losartan with Respect to Genotypes: Essential Hypertensive

Patients Taking Losartan
CYP2C9 genotype
1+l /3 *1/*30 Argl132Gin

Case number 34 2 2 1
Sex (male/female) 2113 02 20 1/0
Age (years) 65.10+7.04 70 67 77 71 70
BMI (kg/m%) 25.1043.07 21.47 2420 2433 25.59 20.7
SBP

At baseline (mmHg) 151.10£14,75 130* 156 155 172 157

At 3 month (mmHg) 142.80£16.23 119 141 151 173 128

Change (mmHg) -B.70+14.35 =11 ~-15 -4 1 -29
DBP

At baseline (mmHg) 88.80+9.26 71+ 104 81 98 82

At 3 month (mmHg) 84.9049.98 75 96 83 95 70

Change (mmHg) —4.20+6.91 4 -8 2 -3 -12

Values are meantSD. BMI, body mass index; SBP, DBP, systolic and diastolic blood pressures. *Office blood pressure in this patient
with CYP2C9 *1/*3 was 130/71 mmHg. Losartan was prescribed because this patient had higher home SBP (over 150 mmHg).

of 0.033, which was in good agreement with the previously
published results in Japanese populations (/1, 36, 37). The
frequency of CYP2C9*13 (Leu90Pro), 0.0014 in the present
study, was comparable to that recently reported in a Japanese
population (//) but much lower than those in previous studies
of other Asian populations (6, 9). CYP2C9*]3 was first iden-
tified in a Chinese individual who showed poor metabolizer
phenotype for both lornoxicam and tolbutamide (6). Func-
tional analysis of the CYP2C9* 13 protein showed decreased
enzymatic activity for tolbutamide and diclofenac (/0).
Another recently published allele, CYP2C9* /4 (Arg125His),
was detected in an individual in the present study. This allele
was first identified in an Indian patient, and the variant
protein exhibited 80-90% lower catalytic activity toward
tolbutamide (7, &). CYP2C9*27 (Argl50Leu) and *30
(Alad477Thr), both detected recently in a Japanese population
(11), were also identified in 3 and 2 individuals in the present
study, respectively. The in vitro study revealed that the
CYP2C9*30 protein had a twofold higher K, value and a
threefold lower Ve value than the wild-type towards
diclofenac, whereas the catalytic activity of the CYP2C9*27
protein was similar to the wild-type (//).

The novel Argl32Gin variant exhibited a 90% decrease in
the Vs value toward diclofenac 4’-hydroxylation (Table 2).
Argl32 is located in a loop region between the C and D heli-
ces (Fig. 1) and is highly conserved in the CYP2C family
(http://dmelson.utmem.edw/humP450.aln.html). Argl33, the
corresponding residue of CYP2B4, is suggested to play a
prominent role in binding its redox partners, cytochrome b5
and P450 reductase (38). Accordingly, the loss of catalytic
activity of the Argl32Gin variant might reflect the altered
affinity of variant protein to these redox partners due to elec-
trostatic changes as proposed for *2 (Argld44Cys), */4
(Arg125His), and *26 (Thr130Arg) (8, /1, 39).

The Arg335GIn variant showed a similar holo-CYP2C9
content to wild-type in insect cell microsomes, Furthermore,
the intrinsic clearance of the Arg335Gin variant was only
slightly lower than that of the wild-type. In contrast to
Arg335Gin, a substitution n the same position, Arg335Trp
(*11), was reported to exhibit a threefold increase in K, and
more than a twofold decrease in the intrinsic clearance for
tolbutamide when expressed in a bacterial cDNA expression
system (40). In addition, catalytically active CYP2C9*]/
holo protein was expressed at a very low level due to its
decreased stability in insect cells (47). To confirm whether or
not the protein stability of the Arg335Gin variant might be
influenced by the in vitro expression system used, the wild-
type and variant proteins were expressed in a mammalian
expression system using COS-1 cells. The protein expression
level of Arg335GIn variant in COS-1 microsomes was
decreased by only 30% compared with that of the wild-type
(data not shown), indicating that the protein stability of the
Arg335GIn product was not substantially different between
mammalian expression systems and baculovirus/insect cell
systems. Thus, the substituted residues (Trp vs. Gln) at this
position might quite differently influence the stability of pro-
tein as well as catalytic activities.

Thirty-nine patients were taking losartan, which is known
to exhibit considerable inter-individual variation in its anti-
hypertensive effects. Losartan is primarily oxidized by
CYP2C9 to an active carboxylic acid metabolite, E-3174 (14—
16). CYP3A4 also plays a limited role in the metabolic acti-
vation of losartan in vitro; however, its significance in vivo
has not been demonstrated (3, /5, /16). We evaluated the
impact of CYP2C9 variations on the antihypertensive effect
of losartan based on the patients’ average resting blood pres-
sure measured before and three months after losartan treat-
ment.
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Two Japanese hypertensive patients carrying the
CYP2C9*3 heterozygous allele showed lowered systolic
blood pressure by losartan (Table 3). This is in line with the
previous report that no significant differences in the pharma-
cokinetics of losartan and E-3174 were observed between
CYP2C9*1/*3 and * 1/*] (42). Contrary to our result, a Dan-
ish prospective study of optimal monotherapy with losartan in
type | diabetic patients with nephropathy showed that the
reduction in systolic 24 h blood pressure was significantly
greater in wild-type patients (n=48) than in CYP2C9*3 carri-
ers (n=12) (43). Furthermore, similar changes in diastolic
and systolic 12 h blood pressures were also observed between
CYP2C9*1/*1 (n=4) and *1/*3 (n=3) Japancsc paticnts
(20). The role of heterozygous CYP2C9*3 in the blood pres-
sure-lowering response to losartan in hypertensive patients
should be further studied in a large cohort of paticnts.

Inconsistent with our in vitro study, systolic blood pressure
in a patient with Arg132GIn was obviously lowered by losar-
tan (Table 3). For this variation, the substrate-dependent dif-
ferences between diclofenac and losartan oxidation are
unlikely because Argl32 might interact with redox partners
but not with substrates as described above. However, the
change in enzymatic activity toward losartan should be fur-
ther analyzed.

However, losartan was not effective in 2 patients carrying
the heterozygous CYP2C9*30 (Alad77Thr) allele. A serious
impact on the pharmacodynamics of losartan was not demon-
strated statistically because of the small sample size of indi-
viduals with *30. Ala477 is located in the substrate
recognition site-6 region in the B2 sheet, which shows very
strong hydrophobic interactions with the substrates (44), sug-
gesting the importance of this residue in metabolic activity of
CYP2C9 toward various substrates, Therefore, insufficient
conversion of losartan to E-3174 by this defective mutation
might be responsible for the therapeutic failure of these
patients. Pharmacokinetic analysis of CYP2C9*30 towards
losartan would be necessary to further clucidate its clinical
relevance.

In conclusion, multiple rare functional variations of
CYP2C9 were detected in a Japanese population. Approxi-
mately 7% of the Japanese individuals analyzed (53 of 724)
carried one of the functionally deleterious alleles
(CYP2C9*3, *13, *14, *30, and Argl132Gin). In addition to
CYP2C9*3, CYP2C9*30 might also be used for determining
inter-individual responses to losartan treatment in Japanese
hypertensive patients.
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Efficacy and Safety of Long-Term Losartan Therapy
Demonstrated by a Prospective Observational Study
in Japanese Patients with Hypertension:

The Japan Hypertension Evaluation with
Angiotensin II Antagonist Losartan Therapy
(J-HEALTH) Study
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The Japan Hypertension Evaluation with Angiotensin Il Antagonist Losartan Therapy (J-HEALTH) study is a
nationwide, prospective, multicentered, observational study that was designed to enroll 30,000 hypertensive
Japanese patients from more than 3,000 private practitioners. It is the first large-scale observational study
to assess the efficacy and safety of losartan, an angiotensin Il receptor antagonist, in Japan. Patients were
enrolled between June 2000 and May 2002, and followed up to June 2005. The data from 29,850 patients
were used for the analysis of safety and efficacy. These patients were treated with losartan mostly at a dally
dose of 25-50 mg. The mean follow-up period was 2.9 years. The patients were aged 62.4£12.1 years
(mean+SD) and their mean systolic/diastolic blood pressure was 165.34£17.2/94.3£11.7 mmHg (mean:SD).
Mean blood pressure in patients who were evaluated for efficacy decreased from 165.8/94.8 mmHg
(n=26,512) at baseline to 145.5/84.4 mmHg after 3 months (n=21,269) and 138.6/80.0 mmHg after 36 months
of treatment (n=13,879). Blood pressure was well controlled during the study period by losartan alone or
losartan-based combination therapy. In nearly half of the patients, blood pressure was reduced to less than
140/80 mmHg during the study period. In addition to its antihypertensive effect, losartan reduced the uric
acid level in patients whose baseline uric acid level was 27 mg/dL. Losartan also prevented acceleration of
proteinuria. Adverse drug reactions occurred in 1,081 of the 29,850 patients. Long-term losartan therapy was
effective and well tolerated in Japanese clinical practice. (Hypertens Res 2008; 31: 205-304)
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Introduction

The number of persons with hypertension in Japan has been
reported to be as high as 30 million (/). Therefore, manage-
ment of hypertension is one of the major public health mea-
sures for preventing cardiovascular disease in this country.
Although tight blood pressure (BP) control is recommended
by the guidelines produced in Western countries and Japan to
prevent cardiovascular disease in hypertensive patients (2--5),
less than 50% of patients actually achieve good BP control
(6-11).

Losartan potassium (losartan) is a subtype 1 (AT1)-selec-
tive angiotensin II (AIl) receptor antagonist (ARB) that is
widely prescribed as an antihypertensive agent throughout the
world. Several large-scale clinical trials have already demon-
strated the benefits of antihypertensive therapy with losartan
(12-17). Losartan not only lowers the BP, but also has a pro-
tective effect on target organs. The Losartan Intervention For
Endpoint reduction (LIFE) study demonstrated a more favor-
able effect of this drug on cardiovascular events than atenolol
(12), while the Reduction of Endpoints in NIDDM with the
Angiotensin I1 Antagonist Losartan (RENAAL) study dem-
onstrated a renoprotective effect of losartan (/3). In this
RENAAL study, Japanese patients were included, and a reno-
protective effect of losartan was demonstrated (/4).

Various beneficial effects of losartan have been reported
mainly in Western countries (/2, 13, 15-17). However, these
results may not be directly applicable to Japanese hyperten-
sive patients, since the hypertensive patients enrolled in these
studies usually have more risk factors than ordinary Japanese
hypertensive patients. In addition, the percentage of clderly
patients in Japan is different from that in Western countries,
and genetic and environmental factors may differ between
Japanese and Western patients (/8, 19).

Several studies in Japanese hypertensive patients have
already been conducted, but these studies have mainly
assessed small cohorts in specific rural areas. There have been
few large-scale studies on the effects of losartan in daily clin-
ical practice, and losartan’s therapeutic benefits for Japanese
patients have not been well demonstrated.

To investigate the efficacy and safety of losartan-based
antihypertensive therapy and to understand the current status
of antihypertensive therapy in ordinary clinical practice, a
large scale study of losartan-based antihypertensive treatment
in Japanese hypertensive patients would be meaningful,

The Japan Hypertension Evaluation with AITA Losartan
Therapy (J-HEALTH) study is a nationwide, prospective,
multicentered observational study that was designed to enroll
hypertensive Japanese patients (> 30,000 subjects) from more
than 3,000 private practitioners, This observational study was
designed to investigate the efficacy and safety of long-term
losartan therapy in ordinary clinical practice as a post-market-
ing surveillance study.

The present report deals with the efficacy, safety, and other

effects of losartan as demonstrated by the J-HEALTH study.
The incidence of cardiovascular events and mortality will be
discussed in another paper in this series.

Methods

Patient Selection

The design of the -HEALTH and the patient characteristics
were described in detail previously (20). Patients were
screened between June 2000 and May 2002 in all 47 prefec-
tures of Japan. A total of 31,048 patients were enrolled in the
study in proportion to the population of each prefecture.
Among the patients thus enrolled, 1,198 patients were
excluded from the analysis of safety, mainly due to violations
of consent, previous treatment history with losartan, or other
regulatory infractions. Consequently, 29,850 patients were
cligible for safety evaluation. Among those 29,850 patients,
3,338 patients were ineligible for the analysis of efficacy
mainly because of protocol violations or a lack of available
BP data. Thus a total of 26,512 patients were eligible for the
analysis of efficacy.

Study Design

The J-HEALTH is a nationwide prospective observational
study that evaluates the efficacy and safety of long-term
losartan therapy in the daily clinical setting. The effects of
losartan on serum uric acid, urinary protein, and serum creat-
inine were also evaluated. The J-HEALTH study was
designed to enroll a large number of Japanese hypertensive
patients (>30,000 subjects) and was initiated as a post-mar-
keting surveillance study in June 2000. The study period was
5 years in total, including a 2-year enrollment period. Patients
were followed up to June 2005, The patients received open-
label treatment with losartan for a maximum of 5 years.

The cligible patients were men or women aged =20 years
with untreated or treated hypertension diagnosed by their per-
sonal physicians. Only patients who were not receiving anti-
hypertensive drugs for at least | month prior to the study were
registered. Patients with a history of losartan treatment at any
period were excluded from the study. Each patient was
informed of the purpose and methods of the study, as well as
the effects and possible risks of losartan therapy, their right to
withdraw from the study at any time, and the measures taken
for privacy protection before the enrollment. Patients gave
verbal informed consent and then underwent a medical his-
tory review, physical examination, and laboratory evaluation.

Treatment with losartan was started at a dose of 25-50 mg
once daily (usually in the morning), which is the approved
dosage in Japan. The dose could be increased up to a maxi-
mum of 100 mg once daily, if necessary. Addition of other
antihypertensive agents was allowed from 3 months after the
start of losartan treatment, if required. No restrictions were
placed on the treatment of complications. Patients were fol-
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Table 1. Patients’ Characteristics at Baseline (n=29,850)

Male, % 4.1

Age, years® 6241121

BMLI, kg/m** 241436

Mean clinic SBP, mmHg* 1653%17.2

Mean clinic DBP, mmHg* 943117

Grade of HT, %
<130 and <85 mmHg 0.8
130-139 or 85-89 mmHg 1.9
140-159 or 90-99 mmHg 25.1
160-179 or 100-109 mmHg 45.0
2180 or 2110 mmHg 22.5
Missing data 47

HT history, months* 33.84£58.0

HT treatment history, %' 154

Clinic heart rate, bpm* 74.6£10.5

Smoking habit, % 25.1

Alcohol consumption, %* 383

Hyperlipidemia, % 388

Diabetes mellitus, % 13.1

Hyperuricemia/Gout, % 10.7

Cardiovascular disease, % 8.0

Cerebrovascular discase, % 44

Hepatic disease, % 9.6

Renal disease, % 32

ECG abnormality, % 14.4

Laboratory test (n)
Creatinine, mg/dL* 09103 (19,031)
Uric acid, mg/dL* 53415  (17,202)
Urinary protein >*-", %* 19.1 (15,291)
Potassium, mEq/L* 42405  (12,344)

*Mean+SD. "HT treatment history: patients who had a treatment
history with antihypertensive drugs | month or more before the
registration. *Alcohol consumption: 23 times/week and 2200
mL/time (1 middle-sized bottle of beer or 2 glasses of diluted
whiskey with water). *Urinary protein >*-": result of dipstick
test for proleinuria more than negative (—). BMI, body mass
index; SBP, systolic blood pressure; DBP, diastolic blood pres-
sure; HT, hypertension.

lowed up for a maximum of 5 years.

The demographic data, physical data (height and body
weight), history of hypertension, past treatment history of
hypertension, BP values, pulse rate, complications, and med-
ical history at enrollment were recorded. To assess complica-
tions and the medical history, physicians judged the existence
of all disease indicated in the registration form before the start
of treatment with losartan at their discretion. In addition, the
patients who were on drug treatment for hyperlipidemia or
diabetes mellitus (DM) and met the definition of ecither dis-
ease indicated in the relevant guidelines were defined as hav-
ing hyperlipidemia or diabetes. Laboratory test results, ECG
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Table 2. Antihypertensive Treatment during the Study
Period (n=26,512)

Losartan
Mean dose 47 mg/day
Initial dose
<25 mg/day 24%
<50 mg/day 75%
=50 mg/day 1%
Losartan monotherapy 59%

Combination with other antihypertensive drugs 41%
No. of the drugs (including losartan)

2-drug 29%
3-drug 9%
=4-drug 3%
Major antihypertensive drugs
CCB 32%
Diuretics 7%
B-Blockers 6%
a-Blockers 5%

CCB, calcium channel blockers,

findings, and details of lifestyle modification, such as smok-
ing and/or alcohol cessation/restriction, physical activity and
weight loss, were also recorded, if available.

The clinic systolic BP (SBP) and diastolic BP (DBP) were
measured by the usual methods at each institution. At each
time of measurement, one clinic BP value was reported at the
discretion of the physician. The clinic BP data were measured
at baseline. During the follow-up period, the clinic BP value
was measured every 3 months. The clinic BP data thus
obtained were used for analysis of the clinic BP values at
baseline and during treatment. Standard laboratory tests were
reported every 6 months (if performed) during the study
period. The investigators cvaluated all adverse events and
classified these as definitely related to the test drug, possibly
related, definitely not related, or unknown. All losartan-
related adverse events were pooled and classified as adverse
drug reactions (ADRs). The following patient information
was recorded in the case report forms and collected every
year: adverse events, clinic BP values, pulse rate, heart rate,
body weight, daily dose of losartan, concomitant drugs, labo-
ratory test findings (if performed), and ECG findings (if per-
formed).

Statistical Analysis

Variables were compared using the r-test, the ¥ test, or anal-
ysis of variance (ANOVA), as appropriate. Results were
expressed as the means+SD, and differences were considered
statistically significant at p<0.05. Statistical analysis was
conducted with the SAS software package (Version 8.02;
SAS Institute Inc., Cary, USA).
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Fig. 1. Change in mean clinic biood pressure during study period. SBP, systolic blood pressure; DBP, diastolic blood pressure.

Study Organization

The Monitoring Committee assessed the advisability of con-
tinuing the study based on the safety and effectiveness of
losartan therapy. The Safcty Assessment Committee investi-
gated the causal relationship between each ADR and the
drugs administered during the study. The Medical Expert
Advisory and Publication Committee were responsible for
reviewing the results and writing reports,

Results

Baseline Characteristics

The baseline characteristics of the 29,850 patients (13,163
men [44.1%] and 16,687 women [55.9%]) cligible for analy-
sis of safety are summarized in Table 1. The mean follow-up
duration was 2.9 years. The mean age of the patients was
624+12.1 years, while the mean SBP and DBP were
165.3+17.2/94.3+11,7 mmHg, The prevalences of hyperlipi-
demia, DM, hyperuricemia/gout, cardiovascular discase,
cerebrovascular discase, and ECG abnormalities were 38.8%,
13.1%, 10.7%, 8.0%, 4.4%, and 14.4%, respectively. Young
patients (20-39 years) accounted for 2.9%, middle-aged
patients (40-59 years) accounted for 38.4%, and elderly
patients (60-79 years) made up 51.3% of the study popula-
tion. It is worth noting that 2,209 patients (7.4%) were very
elderly (=80 years old). According to the Japanese Society of
Hypertension (JSH) 2004/World Health Organization
(WHO) classifications of hypertension, Moderate/Grade 2
hypertensive patients were predominant (n=13,429, 45.0%),
while the percentages of Mild/Grade | and Severe/Grade 3
patients were almost equal (n=7,490, 25.1% vs. n=6,721,
22.5%, respectively).

Efficacy of Losartan

Follow-Up of Patients

The 26,512 patients cligible for analysis of efficacy were fol-
lowed up for a maximum of 5 years. However, approximately
45% (11,845 patients) of these patients were not followed up
until June 2005, the end of the study period. The main reason
for drop-out was failure to visit the clinic (65%).

Clinic Blood Pressure

Table 2 summarizes the antihypertensive therapy provided
during the study period. The 26,512 patients were treated with
losartan at a mean dose of 47 mg/day, with 59% receiving
losartan monotherapy and 41% being treated with losartan-
based combination therapy. Calcium channel blockers
(CCBs) were the most frequently used concomitant drugs,
being combined with losartan in 32% of the patients. Diuret-
ics were prescribed in 7% of the patients. The number of anti-
hypertensive drugs was two in 29%, three in 9%, and four or
more in 3% of the patients.

The changes in BP are shown in Fig. 1. The mean BP
decreased from 165,8/94.8 mmHg at baseline (n=26,512) to
145.5/84.4 mmHg after 3 months (n=21,269), 138.6/80.0
mmHg after 36 months (n=13,879), and 136.9/79.2 mmHg
after 60 months (n=683) of losartan-based treatment. The
mean BP during the entire follow-up period was 141.6/82.0
mmHg.

Patients who were treated with losartan alone throughout
the study period were defined as the losartan monotherapy
group. In the losartan monotherapy group, the mean BP
decreased from 163.7/93.9 mmHg at baseline to 143.1/83.4
mmHg afier 3 months of treatment and then decreased to
135.9/78.8 mmHg after 60 months of treatment. With combi-
nation therapy, the mean BP decrcased from 169.0/95.9
mmHg at baseline to 149.1/86.0 mmHg after 3 months and
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Fig. 2. Reduction of mean SBP level by baseline SBP in patients treated with losartan monotherapy. The horizontal axis indi-
cates the range of mean SBP at baseline. The vertical axis indicates the mean SBPs at baseline and during treatment. SBP, sys-

tolic blood pressure.

then decreased to 138.1/79.6 mmHg after 60 months. The
mean BP profile was similar between losartan monotherapy
and combination therapy. On the whole, thc mean BP during
treatment was well controlled (< 140/90 mmHg) in 46% of all
the patients, and the mean follow-up period of these patients
was 3.0 years. Furthermore, the BP was well controlled in
approximately 50% of the patients receiving losartan mono-
therapy and 40% of those on combination therapy (data not
shown). As shown in Fig. 2, the reduction of clinic BP by
losartan monotherapy was more pronounced among the
patients with higher baseline BP values than among those
with lower baseline values.

The percentages of patients whose mean BP was controlled
to less than 140/90 mmHg during treatment are shown in Fig.
3 afier classifying into three age ranges and three grades of
hypertension at baseline. The BP was well controlled (BP
<140/90 mmHg) in more than 50% of Grade | patients, but in
less than 50% of Grade 2 or Grade 3 patients. The percentage
of patients with a well-controlled BP was similar among age

groups for each grade of hypertension.

Proteinuria

The prevalences of proteinuria in DM and non-DM patients
are shown in Fig. 4. The percentage of patients with pro-
teinuria decreased significantly following treatment in both
the DM and non-DM groups.

Serum Uric Acid

In patients with baseline serum uric acid 27 mg/dL, the mean
serum uric acid level decreased without uric acid-lowering
drugs from 7.6 mg/dL (baseline) to 63 mg/dL (after 60

months), for a mean decrease of 1.3 mg/dL (Fig. 5). In
patients whose baseline level was 27 mg/dL with uric acid—
lowering drugs, there was a decrease from 7.3 mg/dL (base-
line) to 6.3 mg/dL (after 60 months), for a mean decrease of
1.0 mg/dL. Thus, the change of uric acid levels was the same
whether patients were administered uric acid-lowering drugs
or not. The mean serum uric acid level of the patients with a
baseline level <7 mg/dL was 4.9-5.0 mg/dL, and showed no
clinically significant change throughout the study period.

Safety of Losartan

Twenty-nine thousand, eight hundred and fifty subjects were
eligible for analysis of ADRs, which were reported in 1,081
of the patients (Table 3). Unfortunately, the incidence of lab-
oratory ADRs could not be determined definitively because
laboratory examination was not mandatory for this survey
protocol. However, no clinically significant or unknown
ADRs were reported by the attending physicians during this
study. The most frequent ADRs were dizziness, hepatic dys-
function, headache, anemia, and cough. The most frequently
reported ADR of angiotensin converting enzyme inhibitors
(ACEIs), cough, was detected in only 46 patients, Although
renal dysfunction and hyperkalemia are known to be side
effects of ARBs, renal dysfunction, including an increase of
serum creatinine levels, was found in 46 patients, and hyper-
kalemia was found in 26 patients in the present study. Mean
creatinine level stratified by sex and the baseline renal func-
tion are shown in Fig. 6. Renal dysfunction was defined by
baseline serum creatinine 2 1.3 mg/dL for men and 1.2 mg/dL
for women according to the JSH 2004 guidelines (5). No sus-
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tained increase in the mean serum creatinine levels was
observed in the patients, regardless of their baseline renal
function, although the number of the patients decreased with
time, especially after 48 months of treatment. The J-HEALTH study is a large scale observational study
designed to evaluate the efficacy and safety of losartan-based
antihypertensive therapy. A large number of Japanese hyper-
tensive patients (> 30,000 subjects) were enrolled in propor-

Discussion
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Table 3. Summary of Major Drug-Related Adverse Experi-
ences (n=219,850)

Total drug-related adverse experiences*® 1,081

Major drug-related adverse experiences
Dizziness 90
Hepatic function abnormal 61
Headache 48
Anemia 46
Cough 46
Blood pressure decreased 35
Blood creatinine phosphokinase increased 34

*Determined by the investigator to be possibly, probably or
defined drug-related.

tion to the population of cach prefecture. There was a broad
range of ages and severities of hypertension among the
enrolled patients, and thus the data are reasonably representa-
tive of the current status of antihypertensive therapy in daily
clinical practice in Japan.

In the present study, long-term losartan-based antihyper-
tensive therapy was shown to be effective for controlling the
BP and well tolerated in Japanese hypertensive patients in
routine clinical practice. The patients were followed for a
mean of 3.0 years (5 years at maximum). The mean BP during
the entire follow-up period was 141.6/82.0 mmHg. Nearly
half of the patients had their BP controlled (<140/90 mmHg).
Sixty percent of the patients were treated with losartan mono-
therapy. Long-term use of losartan in daily clinical practice
was shown to have beneficial effects on both uric acid and
proteinuria.

=171-

Proteinuria and albuminuria have been well established as
prognostic risk factors for cardiovascular and renal outcomes
in both non-hypertensive and hypertensive patients (2/-25).
An antiproteinuric effect of losartan, which was independent
of its BP-lowering cffect, was demonstrated in long-term tri-
als (/3, 26). However, few data are available concerning the
antiproteinuric effect of losartan when used in daily clinical
practice. In our study, losartan was shown 1o prevent acceler-
ation of proteinuria both in DM and non-DM patients when
used in daily clinical practice, although the detailed underly-
ing mechanism remains uncertain because of the study
design. Other studies have demonstrated a transient rise in the
serum creatinine level soon after initiation of an ARB or
ACEI in association with a persistent renal protective effect,
particularly in patients with renal insufficiency (27, 28).
However, a significant transient increase in serum creatinine
was not observed in our study.

High serum uric acid is an independent risk factor for car-
diovascular events (29-3/). Losartan has been reported to
decrease the serum uric acid level in normal volunteers (32)
and in hypertensive patients (33). Losartan inhibits the uric
acid transporter (URAT1) and thus decreases the serum uric
acid level, while other ARBs only inhibit URAT1 weakly (34,
35). Hoieggen et al. (36) also indicated that decreased serum
uric acid due to losartan was related with the prevention of
cardiovascular events. In the present study, losartan was con-
firmed to decrease the serum uric acid level during the treat-
ment period. Notably, the changes in uric acid were similar in
patients with and without concomitant uric acid-lowering
drugs, indicating that the serum uric acid level of patients
treated with uric acid—lowering drugs was further decreased
by losartan therapy. The reduction of uric acid by losartan
observed in the present study is also favorable for preventing
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Fig. 6. Changes in serum creatinine levels by sex and the baseline renal function.

cardiovascular events in addition to its BP-lowering effect in
clinical practice.

The present study demonstrated that losartan was well tol-
crated in clinical practice. Increases in serum creatinine and
hyperkalemia are always a concern when using an ARB or
ACEL A number of studies have reported the necessity of
carcfully monitoring renal function, such as by measuring
creatinine or electrolyte levels, and especially in patients with
renal insufficiency (27, 37-39). In the present study, the inci-
dence of renal dysfunction and hyperkalemia associated with
losartan therapy were relatively rare. In addition, no sustained
increase in mean serum creatinine levels was observed
regardless of the patient’s renal function. Regular monitoring
of renal function is, however, still required when ARBs or
ACEISs are administered.

Other studies conducted in Japan and Western countries
have reported BP control in less than 50% of the treated
hypertensives (6-/1/). Similarly, BP was maintained at less
than 140/90 mmHg in nearly half of the patients in the present
study. Patients with severe hypertension were less sufficiently
controlled than those with mild-to-moderate hypertension.
Therefore, we should treat hypertensive patients more strictly
to prevent cardiovascular events and increase the rate of BP
control, especially in severe hypertensive patients.

This study was not a randomized controlled trial but a pro-
spective observational study supported by general practitio-
ners in clinical practice. Although a large-scale observational
study can provide valuable information about the treatment in
ordinary clinical practice that is not available in conventional
controlled clinical trnals, it has some limitations.

First, a long-term observational study based on daily clini-
cal practice permits a considerable number of patients to drop

out during the follow-up period. Those who dropped out
within the first 3 months of this study, during which period
the use of other hypertensive drugs was prohibited, may have
had insufficient BP reduction. This kind of bias may influence
the rate of losartan monotherapy as well. Therefore, it should
be taken into consideration that the rate of losartan monother-
apy and the rate of good BP control could have been evalu-
ated only in patients who were followed up for the long-term.
However, our data may indicate that good adherence to ther-
apy leads to good BP control in a daily practice setting. Sec-
ond, in contrast to clinical trials, the post-marketing
surveialnce can not regulate items and timing of laboratory
examinations, This means that we may have underestimated
the incidence of ADRs, including laboratory examination
abnormalities, for the whole study period. Despite such limi-
tations, the results of the J-HEALTH study are still valuable
as data reflecting hypertensive treatment performed in daily
clinical practice in Japan.

In conclusion, long-term losartan-based antihypertensive
therapy was effective and well tolerated in a daily clinical
practice setting. The BP was maintained at less than 140/90
mmHg with losartan-based antihypertensive treatment in
nearly half of the patients over the study period. With losartan
monotherapy, the mean BP decreased from 163.7/93.9 mmHg
to 135.9/78.8 mmHg. Antiproteinuric and uric acid-lowering
effects were also confirmed. However, the BP control rate
was still inadequate for treated Japanese hypertensive patients
in daily clinical practice, as reported elsewhere. Therefore,
stricter treatments, such as multiple antihypertensive treat-
ments, will be needed to improve the BP control rate in hyper-
tensive patients, and especially for those with severe
hypertension,
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Based on the results of the JJHEALTH, losartan is favor-
ably recommended as an initial therapy for Japanese patients
with hypertension, mainly due to its BP-lowering effects and
long-term tolerability. However, it is also recommended that
multiple agents be considered in order to improve the BP con-
trol of Japanese hypertensives, especially in those with severe
hypertension.
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Appendix

J-HEALTH Committees

Monitoring Commitiee: Takenori Yamaguchi (Chair), Tanenao
Eto, Toshiharu Furukawa, and Katsumi Yoshida.

Event Assessment Committee: Hiroaki Naritomi  (Chair),
Yoichiro Hashimoto, Uichi Ikeda, Mitsuaki Isobe, Toshio
Kushiro, Ken Nagata, Kazuyuki Shimada, and Takemori
Yamawaki,

Safety Assessment Committee: Kendo Kiyosawa (Chair), Hiroshi
Hirose, Sadayoshi Ito, Akinori Kasahara, Hiroshi Kawabe,
Genjiro Kimura, Hirofumi Makino, Mitsuhiko Moriyama, Ikuo
Saito, Hiromichi Suzuki, and Eiji Tanaka.

Medical Expert Advisory and Publication Committee: Hiroaki
Naritomi (Chair), Toshiro Fujita, Sadayoshi Ito, Toshio Ogihara,
Kazuyuki Shimada, Kazuaki Shimamoto, Heizo Tanaka, and
Nobuo Yoshiike.

Administrative Office: Post-Marketing Surveillance Department,
Banyu Pharmaceutical Co., Ltd. (Tokyo, Japan)
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Original Article

Impact of Blood Pressure Control on Cardiovascular
Events in 26,512 Japanese Hypertensive Patients:
The Japan Hypertension Evaluation with
Angiotensin II Antagonist Losartan Therapy
(J-HEALTH) Study, a Prospective Nationwide
Observational Study

Kazuaki SHIMAMOTO", Toshiro FUIITA?, Sadayoshi ITO”,
Hiroaki NARITOMI, Toshio OGIHARA®, Kazuyuki SHIMADA®,
Heizo TANAKA?, and Nobuo YOSHITIKE®

The Japan Hypertension Evaluation with Angiotensin Il Antagonist Losartan Therapy (J-HEALTH) study was
performed to i tigate the relationship between blood pressure (BP) and development of stroke or myo-
cardial infarction (Ml) in Japanese hypertensive patients. A total of 26,512 hypertensive patients (mean age:
62.2 years, 43.9% men) were analyzed. All patients received open-labelled losartan for a maximum of 5
years. Endpoints were stroke, Ml including sudden cardiac death, and all cardiovascular (CV) events (stroke
and MI). The mean observation period was 3.0 years. The mean baseline systolic/diastolic BP was 165.8/94.8
mmHg and decreased to 141.6/82.0 mmHg during treatment. The Incidences of stroke, Ml, and total CV
events were 3.90, 1.02, and 4,92 per 1,000 patient-years, respectively. Aging, diabetes, a history of CV dis-
ease, and smoking were independent risk fact for CV events. The risk of all CV events was positively
related to BP level during treatment, and increased significantly when the BP exceeded 140/90 mmHg. Age
was a strong contributor to CV events, but about a half of the very elderly patients (285 years, n=692) had
a BP balow 140/90 mmHg during treatment and significantly fewer events occurred in these patients than
in those with a BP of 140/90 mmHg or higher. These results suggest that BP should be below 140/90 mmHg
in Japanese patients with hypertension for reducing the risk of CV events. BP was controlied below 140/80
mmHMg in a half of the very elderly hypertensive patients in this study, and these patients also had a lower
incidence of CV events. (Hypertens Res 2008; 31: 469-478)
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