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Renovascular Protective Effects of Erythropoietin
in Patients with Chronic Kidney Disease

Nobuharu Fujiwara'?, Tsukasa Nakamura'®, Eiichi Sato? Yasuhiro Kawagoe?,
Yutaka Hikichi', Yoshihiko Ueda® and Koichi Node

Abstract

Background/Aims  Erythropoietin (EPO) has been widely used for the (reatment of anemia in chronic kid-
ney disease (CKD). A growing body of evidence indicates that the therapeutic benefits of EPO could extend
beyond the improvement of anemia. The aim of the present study was (o determine whether EPO affects
renovascular and oxidative stress biomarkers in pre-dialysis CKD patients with anemia.

Methods The study was a single-arm prospective study. Fifteen CKD patients (9 males and 6 females,
mean age 63 years) with anemia (mean Hb: 8.1 g/dL) were treated with recombinant human EPO; 12,000 U
administered subcutaneously once every 2 weeks. Various parameters were measured before and 6 months af-
ter treatment. These included serum hemoglobin (FHb), creatinine, estimated glomerular filtration rate (eGFR),
proteinuria, urinary liver-type fatty acid binding protein (L-FABP - a biomarker of renal injury), urinary 8-
hydroxydeoxyguanosine (8-OHdG - a marker of oxidative stress), serum asymmeltrical dimethylarginine
(ADMA), carotid artery intima-media thickness (IMT) and brachial-ankle pulse wave velocity (baPWV) as
vascular markers and plasma brain natriuretic peptide (BNP) levels and left ventricular gjection fraction
(LVEF) as cardiac function markers and cardio-thoracic ratio (CTR) and inferior vena cava dimension aves)
as extra fluid retention markers.

Results  After 6 months, serum Hb was significantly increased (p<0.001) and urinary levels of protein, L-
FABP and 8-OHdG, carotid IMT, baPWYV, plasma BNP and serum ADMA levels were significantly de-
creased (p<0.001). Serum creatinine, eGFR, LVEE, CTR and IVCS showed litile difference throughout the
experimental period.

Conclusion  These data suggest that recombinant human EPO may ameliorate renal injury, oxidative stress

and progression of atherosclerosis in addition (o improving anemia in CKD patients.

Key words: erythropoietin, CKD, drug

(Intern Med 50: 1929-1934, 2011)
(DOI: 10.2169/internalmedicine.50.5145)

Introduction

Erythropoietin (EPO), the principal hematopoietic  hor-
mone produced by the kidney and the liver, regulates mam-
malian erythropoiesis and exhibits diverse cellular effects in
non-hematopoietic tissues (1). EPO has been shown to sig-
nificantly protect multiple organs in both acute and chronic
diseases (1, 2). Urinary liver-type fatty acid binding protein
(L-FABP) is a useful biomarker that reflects renal tubu-

lointerstitial injury and can be used to monitor both hemo-
dynamic and drug responses in animal models and palients
with  chronic  kidney disease (CKD) (3, 4). Urinary 8-
hydroxydeoxyguanosine (OHdG) is a marker of oxidative
stress and is associated with the progression of CKD (5, 6).
Kasap et al (7) reported that EPO had no significant protec-
tive effect upon renal function or chronic fibrosis in animal
models but it did reduce tubular changes, apoptosis and oxi-
dative stress. In addition, Bi et al (8) reported that EPO can
protect tubular cells from various injurious stimuli both in
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virro and in vivo. However, there is little known regarding
the effect of EPO on urinary L-FABP and urinary 8-OHdG
levels in CKD patients.

Carotid artery intima-media thickness (IMT) and brachial-
ankle pulse wave velocity (baPWV) have been extensively
utilized as markers of vascular function in CKD pa-
tients (9, 10). Asymmetrical dimethylarginine (ADMA) is an
endogenous inhibitor of endothelial nitric oxide synthase
(eNOS) and has been reported to be a novel marker for the
progression of CKD with ADMA accumulation triggering
peritubular capillary loss that contributes to tubulointerstitial
ischemia and fibrosis (11). In addition, ADMA is strongly
associaled with carotid artery IMT (12). However, there is
also litde known regarding the effect of EPO on IMT, PWV
and ADMA in CKD patients.

Brain natriuretic peptide (BNP) is a biomarker of cardiac
function with cardiac dysfunction being common in CKD
patients (13). CKD patients with left ventricular diastolic
dysfunction have significanily higher BNP levels than pa-
tients with normal cardiac function (14). However, little is
known regarding (he effect of EPO on BNP levels in CKD
patients. Therefore the present study was conducted (o ex-
amine the effect of treatment with recombinant human EPO
on cardiac and renovascular function and oxidative stress in
pre-dialysis CKD patients with ancmia.

Materials and Methods

Patients

The study was a single-arm prospective study that in-
cluded 15 non-diabetic CKD patients with anemia (9 males
and 6 females, age 63+6 years, serum creatinine level 3.92:+
121 mg/dL, eGFR 13.26+4.84 ml/min and hemoglobin
[Hb]: 8.120.5 g/dL). None of the patients had diabetes, Sys-
temic inflammatory disorders including vasculitis, collagen
discase, liver discase or malignancy. CKD was diagnosed by
renal biopsy with diagnoses including TgA nephropathy (n=
9), non-JgA proliferative glomerulonephritis (n=3), nephro-
sclerosis (n=2) and focal glomerular sclerosis (n=1). Anemia
was defined as a hemoglobin level of less than 10 g/dL
upon entry into the study. None of the patients had received
previous treatment with recombinant human EPO. Concomi-
tant drugs prescribed were anti-hypertensive drugs (12 pa-
tients), statins (3 patients), the carbonaceous oral adsorbent
AST-120 (8 patients), anti-platelet drugs (6 patients) and
prednisolone (2 patients). AST-120 adsorbs various uremic
retention solutes in the gastrointestinal system (15). These
drugs were not changed during the study period. All patients
received subcutaneous injection of recombinant human EPQO
(epoetin beta) (Chugai Phamaceutical Co., Ltd, Tokyo, Ja-
pan) at an initial dose of 12,000 U every 2 weeks with the
dose subsequently adjusted to achieve a hemoglobin level of
12 g/dL for 6 months. During the study period, the patients
were also given oral iron supplements to maintain their se-
rum ferritin level and transferrin saturation index at greater

DOI: 10.2169/internalmedicine.50.5145

than 150 pl/LL and 20%, respectively (16). The study proto-
col was approved by the local ethical committee of Shinma-
tsudo Central General Hospital and informed consent was
obtained from all study participants. The ethical committee
did not approve a placebo controlled study because of the
risk it would pose to the patient; this study was therefore
performed as a single-arm study. The study complied with
the principles of the Helsinki Declaration.

Measurements

Blood pressure (BP) was measured in the sitting position
after 2 minutes of rest using an upright standard sphygmo-
manometer. Renal function was evaluated by serum cre-
alinine level and estimated glomerular filtration rate (eGFR),
based upon the Modification of Diet in Renal Disease
(MDRD) equation modified for the Japanese popula-
tion (17). Total urinary prolein excretion was determined
with the pyrogallol red method (Wako Pure Chemical Indus-
tries, Ltd,, Osaka, Japan). The urinary L-FABP levels were
measured by a specific enzyme-linked immunosorbent assay
(ELISA) (CIMIC Co., Ltd., Tokyo, Japan) as described pre-
viously (18). The urinary L-FABP value was expressed as a
ratio of the urinary creatinine concentration (18). Urinary 8-
OHdG levels were measured by specific ELISA as previ-
ously described (NIKKEN SEIL Co., Ltd., Shizuoka, Ja-
pan) (19). Serum ADMA was measured by high-
performance liquid chromatography (20, 21). BaPWYV, as
measured using a sphygmomanometer and sphygmograph
(COLIN Medical Technology, Tokyo, Japan) (22), was ex-
pressed in centimeters per second. Carotid artery IMT was
measured using high-resolution B-mode ultrasound examina-
tion with a 7.5 MHz mechanical sector transducer, the Aloka
SSP-2000 (Hitachi Aloka Medical, Ltd., Tokyo, Japan) (22).
Sonographic data were obtained by an expericnced techni-
cian with no knowledge of the patient’s clinical data. LVEF
was calculated by a Sonos 4500 echographic tomography
(Philips Electronics Japan, Tokyo, Japan). Plasma BNP level
was determined by radioimmunoassay (Shionogi Pharmaceu-
tical Co., Ltd, Osaka, Japan) (23, 24). In addition, we
measured the cardio-thoracic ratio (CTR) and inferior vena
cava dimension (IVCD). Table 1 shows Bascline Character-
istics.

Statistics

Data are expressed as mean + SD. Differences were ana-
lyzed by paired Student’s t test. A p-value of less than 0.05
was considered significant. All statistical analyses were per-
formed using the SAS system (SAS Institute, Cary, NC,
USA).

Results

All patients completed the study protocol and there were
no adverse effects of EPO treatment during the study period.
No patient received a blood transfusion during the study pe-
riod. At 6 months after treatment with EPO, the Hb level in-
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Fignre 1. Changes in urinary protein excretion, urinary L-FABP level and urinary 8-OHAG levels

before and after 6 months of EPO treatment.
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Figure 2. Changes in serum ADMA level, baPWV and IMT before and after 6 months of EPO

treatment.

creased from the baseline value of 8.1£0.5 g/dL to 11.4+0.7
g/dL (p<0.001). There was no change in the serum cre-
atinine levels, eGFR or BP. There was a significant reduc-
tion in urinary protein excretion (1.39+0.32 to 0.89+0.22 g/
day, p<0.001), urinary L-FABP levels (53.3+18.7 to 32.2+
11.6 pg/g creatinine, p<0.001) and urinary 8-OHAG levels
(26.6+2.8 t0 19.4+42 ng/mg creatinine, p<0.001) (Fig. 1).
The LVEF did not change significantly (626 to 64+10%)
whilst serum BNP levels decreased (77+20 to 48+13 pg/mL,
p<0.001). The CTR and IVCD did not change significantly

(CTR: 46.5£3.6% to 46.2#3.8%, IVCD: 12.5+2.2 mm to
127424 mm). The serum ADMA levels (0.561+0.088 to
0.425+0.066 pmol/L, p<0.001), baPWV (1955218 to
1793+184 cmys, p<0.001) and carotid artery IMT (0.834+
0.052 to 0.826+0.038 mm, p<0.001) were significantly de-
creased during the study (Fig. 2).

Discussion

In the present study, we demonstrated that 6 months of
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Table 1. Baseline Characteristics

Patient number (n)
Age (years)
Sex (nule/female)
Serum creatinine (mg/dL)
eGFR (mL/min)
11b (g/dl)
Proteinuria (g/day)
Urinary L-FABP (ug/g creatinine)
Ljection fraction (Vo)
BNP (pg/mL)
Urinary 8-OL1dG (ng/mg creatinine)
ADMA (umol/L)
CTR (™)
baPWV (emis)
carotidd artery IMT (mm)
IVCD (mm)
SBP (mmllg)
DBP (mmllp)
Primary discase (n)
TeA nephropatlyy
Nephrosclerosis
Non-TeA PGN
FGS
Concomitant drugs {n)
Anti-hypertension
ARB
ACE]
Cu antagonist
Alpha antagonist
Diurctics
Statin
AST-120
Anti-platelet
Prednisolone
Tron

15
63+8
9/6
3.92+1.21
13.26+4.84
R.1%0.5
1.39:-0.32
33.3x218.7
6246
77420
26.6+2.8
0.5610.09
46.5+3.6
10552218
0.834:0.052
12.5:2.2
1285
7654
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eGIR = estimated glomerutay filtration rate, L-FARP = fiver-type fatty acid binding
protein, 8-OHdG = 8-hydroxydeoxygwmosin, BNP = brain natrivretic peptide, ADMA
=asymmetric dimethylarginine, baPWV = brachial ankle pulse wave velocity, IMT =
ntima-media thickness, SBP = systolie bloed pressure, DBP = dinstolic blood pressure,
PGN = proliferative glomerulonephritis, FGS = focal glomerulosclerosis, ARB =
angiotensin I receptor blocker, ACEL = angiotensin converting enzyme inhibitor,
CTR=cardio-thracic ratio, IVCD=inferior vena cava dimention

therapy with recombinant human EPO significantly reduced
urinary protein excretion and the urinary L-FABP level in
pre-dialysis CKD patients with anemia, thereby suggesting
that EPO exerts renoprotective effects. The levels of urinary
8-OHdG, plasma BNP and serum ADMA were also reduced
after 6 months of EPO treatment, suggesting that EPO also
exerts an anti-oxidative and cardioprotective effect and im-
proves NO bioavailability. In addition, (he reduction of ca-
rotid artery IMT and baPWV suggests a beneficial vascular
protective effect of EPO.

A growing body of experimental evidence indicates that
there are therapeutic benefits of EPO beyond the correction
of anemia. Several articles have recently reported the tissue
protective, non-hematological effects of EPO that prevent or
limit tissue damage in several organs including the kid-
ney (25). EPO is thus a very promising cytoprotective agent
to promote cell survival in both acute and chronic condi-
tions. Toyeux-Faure (1) reviewed the mechanisms underly-
ing the cytoprotective effect of EPO including the role of
the EPO receptor and activation of cellular signaling path-
ways. EPO ameliorates tubulointerstitial injury in the model

of unilateral ureteral obstruction by inhibiting inflammation,
interstitial fibrosis and tubular apoptosis (26). Bone marrow
stromal cells (BMSC) exert a renoprotective effect in tubular
injury via the secretion of factors that reduce apoptosis and
increase proliferation of tubular epithelial cells (8). EPO re-
ceptors are expressed on the surface of BMSCs and EPO
protects BMSCs from cell death induced by serum depriva-
tion and stimulates BMSC proliferation in virro (8). EPO di-
minishes renal injury associated with cisplatin administra-
tion (8) and protects primary mouse tubular epithelial cells
from necrotic ischemic injury via the JAK2/Y343/STATS
signaling pathway (27). In the present study, EPO treatment
reduced the urinary excretion of the biomarker L-FABP
lending clinical support to these experimental data. In addi-
tion, EPO promotes cytoprotection by anti-oxidative mecha-
nisms such as inhibiting heme oxygenase-1 and glutathione
peroxidase (28). In the present study, we clinically con-
firmed the anti-oxidative effects of EPO by demonstrating
that it significantly reduced urinary 8-OHAG levels.

ADMA is a naturally occurring amino acid found in
plasma and various tissues. The blood level of ADMA is re-
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ported to be associated with cardiovascular risk factors such
as hypertension, diabetes, dyslipidemia and CKD and is a
strong predictor of cardiovascular disease and progression of
CKD (29). ADMA injures the glomerular filtration bar-
rier (30) and Ueda et al (11) reported that ADMA may be
involved in glomerular capillary loss and sclerosis thereby
contributing to the progression of CKD. In the present
study, we recognized that the degree of change in protein-
uria was correlated with that in serum ADMA levels (r2=
0.817, p<0.001, data not shown). This may suggest that
EPO reduced proteinuria, possibly as a result of reducing
blood ADMA levels. High ADMA levels are associated with
increased carolid artery IMT which is a validated surrogate
marker for atherosclerosis (31). Carotid artery IMT was sig-
nificantly higher in subjects with early stage CKD and the
greater prevalence of cardiovascular disease risk factors in
patients with CKD accounted for the higher carotid artery
IMT (32). Pawiak et al (33) reported that IMT values were
significantly decreased in dialysis patients who received
EPO for more than 12 months compared to untreated pa-
tients. The mechanisms responsible for the high baPWV
seem (o be associated wilh increased left ventricular systolic
pressure, decreased coronary flow due to decreased diastolic
blood pressure as well as direct effects on the progression of
atherosclerosis and left ventricular dysfunction (34). The re-
sult of the present study indicates that EPO reduced IMT
and baPWV suggesting an anti-atherosclerotic effect in CKD
patients.

The diagnosis or exclusion of heart failure is important in
CKD patients given the high prevalence of left ventricular
hypertrophy and left ventricular systolic dysfunction in this
poputation (35). Tn addition, CKD patients exhibit a high
prevalence of diastolic dysfunction (14). Plasma BNP may
be an appropriate biomarker to screen for both systolic and
diastolic cardiac dysfunction in CKD (13). Similar to obser-
vations in patients with normal renal function, the plasma
BNP level has been reported to be a prognostic indicator of
cardiovascular disease development and cardiovascular death
in CKD patients. There is some possibility that the reduction
of BNP results from a reduction of extracellular fluid vol-
ume rather than an improvement in diastolic function. The
CTR and IVCD as indicators of extracellular fluid volume
did not change significantly in the present study. The results
of the present study indicating that EPO reduced plasma
BNP levels without changing the LVEE, CTR and IVCD in
CKD patients suggest that the major effect of EPO may pre-
dominantly be an improvement of diastolic function.

Limitations

There are several limitations to this study. This was a pre-
liminary single-arm study that was designed for only 6
months with a small number of subjects. A multi-center,
large scale, comparative study over a longer period would
be needed in the future. In addition, we used some concomi-
tant drugs such as ARB, statin and AST-120, which may po-
tentially affect the changes in each marker observed in this

study. Many reports suggest that EPO has a cytoprotective
effect, however, in the present study, we found little direct
evidence of a cytoprotective effect of EPO.,

In conclusion, recombinant human EPO may be effective
in ameliorating renal injury, atherosclerosis and oxidative
stress in pre-dialysis CKD patients with anemia.
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Potential Benefit of Statin Therapy for Dyslipidemia
with Chronic Kidney Disease: Fluvastatin Renal
Evaluation Trial (FRET)

Teruo Inoue’, Hideo Ikeda®, Tsukasa Nakamura®, Shichiro Abe', Isao Taguchi’,
Migaku Kikuchi', Shigeru Toyoda®, Motoaki Miyazono®, Tomoya Kishi*,
Toru Sanai* and Koichi Node*

Abstract

Background Dyslipidemia is a2 common complication of chronic kidney disease (CKD) and contributes to
cardiovascular morbidity and mortality of CKD patients.

Aim  The aim of the present study was to determine whether fluvastatin, which is mostly characterized by
its pleiotropic anti-oxidant effects, has renoprotective effects in dyslipidemic patients with CKD.

Methods In 43 dyslipidemic patients with CKD taking fluvastatin 10 mg/day, 20 mg/day or 30 mg/day, re-
nal functions as well as Hpid profiles were assessed,

Results  After 3 months of treatment with [luvastatin, LDL-cholesterol level significandy decreased. Serum
creatinine level, estimated glomerular [filtration rate (eGER), urinary albumin excretion (UAE), urinary liver-
type fally acid binding protein (L-FABP) level and urinary 8-hydroxydeoxyguanosine (8-OHdG) level did not
change in overall patients. However, in patients with microalbuminuria (baseline UAE> 30 mg/g-crealinine;
n=23), the UAE significantly decreased [2.43+0.67 to 1.98+0.80 log(mg/g-creatinine), p=0.011. In patients
with high L-FABP group (baseline L-FABP>11 Hg/g-creatinine; n=18), the urinary L-FABP level was sig-
nificantly decreased (1.52+0.45 to 1.26+0.43 pg/g-creatinine, p<0.01). In the limited 23 patients with microal-
buminuria, the L-FABP level was significantly decreased [1.20+0.62 (0 1.03+0.49 log(pg/a-creatinine), p=
0.042], although the LDL-cholesterol level (139428 to 129423 mg/dL, p=0.08) only showed a tendency to
decrease. The 8-OHdG level also was significantly decreased (13.6+9.6 to 9.8+3.8 ng/g-creatinine, p=0.043).
In the overall patients, changes in the values for UAE and urinary L-FABP were not correlated with the
changes in LDL-levels.

Conclusion Fluvastatin reduces both UAE and the urinary L-FABP level, and thus, has renoprolective ef-
fects, independent of its lipid lowering effects in dyslipidemic patients with CKD.

Key words: statin, chronic kidney disease, oxidative stress, urinary albumin excretion, L-FABP

(Intern Med 50: 1273-1278, 2011)
(DOIL: 10.2169/internalmedicine.50.4059)

Introduction

Chronic kidney disease (CKD) in the community is asso-
ciated with a significant burden of cardiovascular disease
risk factors (1). The prevalence of dyslipidemia in CKD pa-

tients is much higher than in the general population whilst
elevated cholesterol and triglyceride levels are associated
with more rapid deterioration of kidney function (2). Thus,
CKD is a “high risk” category for cardiovascular events and
aggressive therapeutic intervention should be initiated to re-
duce the risk (3). Recently, Sandhu et al reported that ther-
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Table 1. Patient Characteristics (n=43)
Age; years 75£9
Sex; male/female 21/22
Hypertension; n (%) 33 (76)
Diabetes; n (%) 14 (33)
Smoking; n (%) 5(12)
Cadriovascular diseases; n (%) 9 (21)
Basal diseases of CKD
Hypertensive nephropathy; n (%) 27 (63%)
Diabetic nephropathy; n (%) 8 (19%)
Either or both of HN and/or DN ; n (%) 6 (14%)
Chronic glomerulonephritis; n (%) 2 (4%)
Fluvastatin dose
10 mg/day; n (%) 7 (16)
20 mg/day; n (%) 31(72)
30 mg/day; n (%) 5(12)
ACEl or ARB; n (%) 30 (70)
Ca channel blocker; n (%) 26 (60)
Anti-diabetic drugs; n (%) 11 (26)
Aspirin; n (%) 4(9)

HN=hypertensive nephropathy, DN=diabetic nephropathy, ACEl=angiotensin converting
enzyme inhibitor, ARB=angiotensin receptor blocker

apy with cholesterol lowering drugs, 3-hydroxy-3-
methylglutaryl coenzyme A (HMG-CoA) reductase inhibi-
tors, i.e., statins resulted in a modest reduction in proteinuria
and protected renal function in- a meta-analysis comprising
39,704 participants (4).

Among the various statins, fluvastatin is primarily charac-
terized by its pleiotropic anti-oxidant effects (5, 6). Since
oxidative stress produces renal glomerular injury and tubu-
lointerstitial damage (7), we hypothesize that fluvastatin
may have specific beneficial effects to improve renal func-
tion. To test this hypothesis, we designed a single arm
multi-center study, the Fluvastatin Renal Evaluation Trial
(FRET), to assess the effects of fluvastatin on renal function
in dyslipidemic patients with CKD.

Methods

For the FRET trial, patients with dyslipidemia along with
CKD over the age of 20 years old were recruited from 8
practitioners belonging to Saga Medical Association.
Dyslipidemia and CKD were defined based upon the criteria
of the Japanese Atherosclerosis Society and the Japanese
Society of Nephrology, respectively. Patients who had car-
diac, liver, gastrointestinal, or collagen disease, malignancy,
or a history of previously receiving any lipid lowering drugs
were excluded. All of the patients were prescribed 10 mg,
20 mg or 30 mg fluvastatin. The dose of fluvastatin was de-
pendent upon the judgment of each attending physician. We
monitored blood pressure, lipid profiles such as serum low
density lipoprotein (LDL)-cholesterol, high density lipopro-
tein (HDL)-cholesterol and triglyceride levels, and renal
function markers such as serum creatinine level, urinary al-

bumin excretion (UAE) and urinary liver-type fatty acid
binding protein (L-FABP) level prior to the fluvastatin pre-
scription and 3 months after the fluvastatin treatment. Esti-
mated glomerular filtration rate (eGFR) was calculated
based on the Japanese Society of Nephrology CKD Practice
Guide. In addition, urinary 8-hydroxydeoxyguanosine (8-
OHAG) was simultaneously measured as an oxidative stress
marker. L-FABP levels were measured by a specific ELISA
method as previously described (8-10). 8-OHAG levels were
measured by a specific ELISA kit as previously described
using a highly sensitive monoclonal antibody (8-OHAG
Check, Nikken Foods, Fukuroi, Shizuoka, Japan) (11).

Normality of the distribution of variables was assessed us-
ing Kolmogorov-Smirnov test with Lilliefors’ correlation.
Since values of UAE and L-FABP were non-parametric, the
values were transformed into logarithmic values. Then the
data were expressed as mean+SD. The changes in the values
after 3 months treatment of fluvastatin were assessed using
paired t test. Correlations were assessed using simple linear
regression. The P value less than 0.05 was considered to be
statistically significant.

Results

A total of 43 patients (21 males and 22 females; 759
years) were eligible for the FRET trial. Patient characteris-
tics are shown in Table 1. Complications with cardiovascular
diseases were seen in 9 patients (21%) (ischemic heart dis-
ease in 3; 7%, arrhythmia in 5; 12%, hypertensive heart dis-
ease in 1; 2% and cerebrovascular disease in 3; 7%). Basal
diseases of CKD were hypertensive nephropathy in 27
(63%), diabetic nephropathy in 8 (19%), either or both hy-
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Table 2. Changes in the Measurements after 3 Months’ Treatment with Fluvas-

tatin
Baseline 3 months p value
Systolic blood pressure; mmHg 13715 135+13 0.0792
LDL-cholesterol; mg/dL 13130 119422 0.0097
HDL-cholesterol; mg/dL 50£11 4812 0.1521
Triglyceride; mg/dL 178+90 160+£89 0.0950
Fasting blood glucose; mg/dL 110+30 114+30 0.2696
HbA:C; % 5.9+1.1 5.9£1.0 0.2157
Creatinine; mg/dL 1.16£0.48 1.18+0.54 0.3419
eGFR; mi/min/1.73m? 40+14 40+14 0.6800
UAE (n=36); mg/g-creatinine 722[10.0,355.3] 494 [12.5, 282.3] 0.0937
log(mg/gecreatinine) 1.84+0.84 1.75+0.77 0.1662
L-FABP (n=36);mg/g-creatinine 10.5[4.0, 26.3] 7.44.0,17.7] 0.1447
log(mg/grcreatinine) 1.07+0.54 0.98+0.43 0.1059
8-OHdG (n=36); ng/mg- creatinine 12.7£8.0 10.944.1 0.1705

Data are expressed as mean + standard deviation or median value and interquartile range. LDL=low
density lipoprotein, HDL=high density lipoprotein, HbA1 C=hemoglobin A1C, eGFR=estimated glomerular
filtration rate, ACEl=angiotensin converting enzyme inhibitor, UAE=urinary albumin excretion, L-
FABP=liver type fatty acid binding protein, 8-OHdG=8-hydroxy deoxiguanosine

pertensive nephropathy and/or diabetic nephropathy in 6
(14%) and chronic glomerulonephritis in 2 patients (4%).
The dose of fluvastatin was 10 mg/day in 7 (16%), 20 mg/
day in 31 (72%) and 30 mg/day in S patients (12%).
Angiotensin-converting enzyme inhibitor (ACEI) or an-
giotensin receptor blocker (ARB) was given in 30 patients
(70%). Although anti-diabetic drugs were given in 11 pa-
tients (26%), no patient received thiazolidinediones such as
pioglitazone.

Table 2 shows the comparison of measured variables in
the baseline before fluvastatin administration and those after
3 months of treatment with fluvastatin in overall patients.
After the 3 months of treatment, the LDL-cholesterol level
was significantly decreased (13130 to 119+22 mg/dL, p<
0.01). However, the levels of HDL-cholesterol and triglyc-
eride did not change. Concerning renal function, the serum
creatinine level and eGFR did not change significantly. The
UAE, urinary L-FABP level and urinary 8-OHAG level also
did not change in 36 patients, in whom these markers could
be measured at both baseline and at 3 months after treat-
ment. If these patients are divided into patients with micro-
albuminuria (baseline UAE=30 mg/g-creatinine; n=23) and
patients without microalbuminuria (baseline UAE<30 mg/g-
creatinine; n=13), based on the cut-off value of 30 mg/g-cre-
atinine according to guideline of Japanese Society of Hyper-
tension, the UAE value was significantly decreased in the
patients with microalbminuria [243+0.67 to 1.98+0.80
log(mg/g-creatinine), p=0.01], although the value did not
change in the patients without microalbuminuria [0.96+0.29
to 1.08+0.24 log(mg/g-creatinine)] (Fig. 1). If these patients
are divided into two subgroups, a low L-FABP group (base-
line L-FABP <11 pg/g-creatinine; n=18) and a high L-FABP
group (baseline L-FABP=11 pg/g-creatinine; n=18), based
on the cut-off value of 11 ug/g-creatinine as the median

value, the L-FABP level was significantly decreased in the
high L-FABP group [1.52+0.45 to 1.26+0.43 log(pg/g-cre-
atinine), p<0.01], although the level did not change in the
low L-FABP group [0.64+0.11 to 0.72+0.27 log(ng/g-cre-
atinine)] (Fig. 2). In the limited 23 patients with microalbu-
minuria, the L-FABP level was also significantly decreased
[1.20+0.62 to 1.03+0.49 log(ug/g-creatinine), p=0.042], al-
though LDL-cholesterol level (139£28 to 129+23 mg/dL, p=
0.08) showed only a tendency to decrease. In these limited
patients, the 8-OHdG level was also significantly decreased
(13.6+9.6 to 9.8+3.8 ng/g-creatinine, p=0.043) (Fig. 3).

In overall patients, the changes in the values (baseline
values minus values after 3 months of treatment) for UAE
and urinary L-FABP level were not correlated with the
changes in LDL-cholesterol level (R=0.19 and R= 0.15, re-
spectively). The changes in UAE and L-FABP level were
also not correlated with the changes in urinary 8-OHdAG
level (R=0.09, R=0.04, respectively). In the limited 23 pa-
tients with microalbuminuria, the changes in the values for
UAE and L-FABP level were not correlated with the
changes in LDL-cholesterol levels (R=0.09 and R= 0.13, re-
spectively) as well as the changes in 8-OHAG level (R=0.02
and R= 0.10, respectively).

Among patient groups of the fluvastatin dose of 10 mg/
day (n=6), 20 mg/day (n=25) and 30 mg/day (n=5), there
were no differences in the changes for UAE [0.02+0.38,
0.19£0.19, 0.26+0.30 log(mg/g-creatinine) in the 10 mg/day,
20 mg/day and 30 mg/day groups, respectively] and urinary
L-FABP level [0.04+0.56, 0.2320.29, 0.73+0.37 log(ug/g:
creatinine) in the 10 mg/day, 20 mg/day and 30 mg/day
groups, respectively]. Between 27 patients receiving ACEIs
or ARBs and the remaining 9 who did not receive them,
there were no differences in the changes for UAE [0.16x
0.28 vs 0.10+0.39 log(mg/g-creatinine)] and urinary L-FABP
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Figure 1. Change in urinary albumin excretion (UAE), separately shown in patients with (right
panel) and without (left panel) microalbuminuria. The values were log-transformed.

Low L-FABP Group
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baseline 3 months
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log (ug/g - Cr) p=0.01
3 7 e—————
54
1A
0
baseline 3 months
n=18

Figure 2. Changes in urinary liver-type fatty acid binding protein (L-FABP) separately shown in
subgroups of high (right panel) and low (left panel) L-FABP level. The values were log-transformed.

level [0.5520.66 vs 0.62+0.48 log(ug/g-creatinine)].

Discussion

In the FRET trial, in dyslipidemic patients with CKD we
demonstrated that 3 months of treatment with fluvastatin re-
duced UAE in patients with microalbuminuria and also re-
duced urinary L-FABP level in the patients with microalbu-
minuria as well as in the subgroup of a high baseline L-
FABP level. These results suggest that fluvastatin might be
potentially effective to improve renal function in addition to
its cholesterol lowering effect.

CKD is a potent risk factor for cardiovascular disease
with an increased risk of cardiovascular events associated
with even mild CKD. Cardiovascular death rather than pro-

gression to end-stage renal disease is a common outcome in
patients with CKD (12). Abnormal lipid metabolism and
dyslipidemia is considered to be an important promoter of
renal dysfunction (13) with potential pathogenic mechanisms
including not only theacceleration of atherosclerosis of the
renal vasculature but also glomerular injury and tubulointer-
stitial damage. Although the underlying pathophysiological
mechanisms are not yet fully understood, there are increas-
ing numbers of data indicating that oxidative stress may me-
diate the lipid-induced renal damages. There is evidence that
circulating lipids bind to and become trapped by cell mem-
branes and extracellular matrix molecules (14), where they
undergo oxidation increasing the formation of reactive 0xy-
gen species such as superoxide anion and hydrogen perox-
ide.
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LDL-cholesterol L-FABP 8-OHdG
mg/dl. log {ug/g - Cr) log (ng/g - Cr)
p=0.08 p=0.042 p=0.043
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14
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baseline 3 months baseline 3 months baseline 3 months
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Figure 3. Changes in the Ievels of low density

lipoprotein (LDL)-cholesterol, L-FABP and 8- hy-

droxydeoxyguanosine (8-OHdG) in the limited 23 patients. Although LDL-cholesterol Ievel showed
only the tendency for a decrease (left); the L-FABP (mid) and $-OHdG (right) Tevels were signifi-
cantly decreased. The values for L-FABP and 8-OHdG were log-transformed.

Recently, statins have been demonstrated to yield benefi-
cial effects in different models of progressive renal failure.
Although there is not yet a large interventional study on the
effect of statin therapy in the progression of renal damage,
there is evidence from post-hoc analyses to suggest that
statins are likely (0 be effective in the treatment of renal dis-
ease (15). Statins are experimentally shown t© have an anti-
proteinuric effect (16), as shown clinically in our FRET trial
thal demonstrated the improvement of microalbuminuria by
fluvastatin. Since lipid lowering by statins reduces lipid
trapping in renal tissues, the lipid lowering itself may con-
tribute to renoprotective effects. However, some of the reno-
protective elfects of statins can be seen independent of the
cholesterol reduction. In the FRET trial, the changes in the
values for UAE and urinary L-FABP level were not corre-
lated with the changes in LDL-cholesterol level not only in
overall patients but also in the limited patients with microal-
buminuria. These results suggest that fluvastatin might have
a renoprotective effect beyond lipid lowering. Among vari-
ous statins, fluvastatin is thought to be the most powerful
anti-oxidant (5, 6). Different from other statins, fluvastatin
has lipid-independent strong radical scavenging action and
reduces superoxide anion formation both in vitro and in
vivo (5). Fluvastatin has an indole ring in its structure,
which is believed to be important for manifestation of these
actions (17-19). L-FABP, which has high affinity for long-
chain fatty acid oxidation products, may be an effective en-
dogenous anti-oxidant. Since renal L-FABP reduces oxida-
tive stress, ameliorating tubulointerstitial damage, urinary L-
FABP, increased in association with renal dysfunction, is a
potential marker of oxidative tubulointerstitial damage (20).
In addition to the reduction of urinary L-FABP level not
only in the high baseline L-FABP subgroup but also in the
patients with microalbuminuria, our FRET trial showed the
reduction of urinary 8-OHdG level, which is a marker for
oxidative DNA damage, by 3 months of fluvastatin treat-

1

ment in the patients with microalbuminuria. From our re-
sults, we can envision that the renoprotective effect of flu-
vastatin might be due to its anti-oxidative effect, although
the changes in the urinary L-FABP level as well as UAE af-
ter fluvastatin treatmen( were not correlated with the
changes in urinary 8-OHdG level not only in overall paticnts
but also in the limiled patients with microalbuminemia,
Anyway, the results of FRET alone cannot delermine the
mechanism, by which fluvastatin ameliorates renal function.

Potential limitations

The FRET study has several potential limitations. This
study was performed in a single arm no-controlled design
with a small number of patients. Since comparisons with
other siatins were not performed, it was not elucidated
whether the effects of fluvastatin on renoprotection are
fluvastatin-specific effects or the class effects of statins.
However, we believe it should be appreciated that this study
was performed only by practitioners belonging to Saga
Medical Association, because efforts of practitioners to pre-
vent progression of CKD will be important for the improve-
ment of cardiovascular mortality and morbidity of the CKD
patients.
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ORIGINAL ARTICLE

Antihypertensive treatment using an angiotensin
receptor blocker and a thiazide diuretic improves
patients’ quality of life: The Saga Challenge
Antihypertensive Study (S-CATS)

Aoi Kamura!, Teruo Inoue?, Shigetaka Kuroki?, Shiro Ishida3, Kenichirou Tlimori®, Toru Kato?,
Hirofumi Naitoh?, Satoshi Tamesue?, Hideo Ikeda® and Koichi Node!

The aim of the Saga Challenge Antihypertensive Study (S-CATS), a single-arm, prospective and multi-center trial, was to
evaluate the effectiveness of combined antihypertensive treatment with losartan and hydrochlorothiazide (HCTZ). Enrolled in the
study were a total of 161 patients with hypertension, who in spite of treatment with an angiotensin receptor blocker (ARB) alone
or an ARB and calcium channel blocker (CCB), had not been able to reach blood pressure control goals set by the Japanese
Society of Hypertension Guidelines (JSH 2004). The ARBs were replaced with a combination pill containing losartan (50 mg)
and HCTZ (12.5 mg), and this treatment was continued for 3 months. This change in therapy resulted in significant decreases
in systolic (158+ 14 to 137 £ 15mm Hg, P<0.001) and diastolic (85+ 11 to 76 + 10 mm Hg, P<0.001) blood pressure and
heart rate (73 + 3 to 72 + 3) during the study. The patients’ quality of life (QOL) score, the EuroQol 5 dimensions (EQ-5D) and
the visual analog scale (VAS) (n=96; 70.0 (68.8-80.0) to 80.0 (70.0-90.0), P<0.01) all improved significantly. Another QOL
score, the hypertension symptom score (HSS), which we otiginally developed for the S-CATS trial, decreased significantly
(n=93; 4.0 (1.0-9.0) to 2.0 (1.0-8.0), P<0.05). The Pittsburgh sleep quality index (PSQI), which is a psychometric
assessment of subjective sleep quality, also decreased significantly (n=45; 4.0 (2.0-7.0) to 3.0 (2.0-5.0), P<0.05). There was
a significant correlation between a change in HSS (baseline value —3-months value) and a decrease in systolic blood pressure
(n=93; R=0.241, P<0.05). These results suggest that an anti-hypertensive treatment combined with an ARB and a thiazide
diuretic may improve patients’ QOL, including sleep quality.

Hypertension Research (2011) 34, 1288-1294; doi:10.1038/hr.2011.126; published online 4 August 2011

Keywords: angiotensin receptor blocker; combination pill; quality of life; thiazide

INTRODUCTION patients experience an improvement in their quality of life (QOL) as a
Hypertension is a prevalent and often asymptomatic chronic disease. consequence of antihypertensive therapy.>® However, there have been
The goal of antihypertensive treatment is to prevent associated only a few studies that have specifically focused on patients’ QOL
complications and improve cardiovascular morbidity and mortality.  during antihypertensive therapy.

To achieve these therapeutic goals, the most important issue is the The Saga Challenge Antihypertensive Study (S-CATS) is a single-
blood pressure-lowering effect of a therapy. In addition, antthyper- arm, prospective and multi-center trial to evaluate the effectiveness of
tensive drugs, such as angiotensin-converting enzyme inhibitors antihypertensive treatment with a combination pill containing losar-
(ACEIs) and angiotensin receptor -blockers (ARBs), have been tan and hydrochlorothiazide (HCTZ). In this trial, we specifically
shown to have protective pleiotropic effects in several organs, which  focused on the effect of the losartan/HCTZ treatment on the patients’
may improve patient prognosis.!? Despite effective medical therapy QOL.

and evidence-based treatment guidelines for managing high blood

pressure, uncontrolled hypertension remains common.?* Low com- METHODS

pliance with antihypertensive medication has been proposed as an Study design

important barrier to achieve hypertension control. To maintain Local physicians and general practitioners at 12 hospitals and 30 clinics in Saga
treatment compliance or medication adherence, it is essential that Prefecture, Japan participated in the S-CATS trial. Outpatients with hyperten-
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sion were enrolled in this trial if, in spite of treatment with either an
angiotensin receptor blocker (ARB) alone or combined therapy with an ARB
and calcium channel blocker (CCB), their blood pressure control had not
reached the goals set by the Japanese Society of Hypertension Guidelines (JSH
2004). Exclusion criteria included serious cardiac, cerebrovascular, hepatic or
renal complications. Exclusion criteria did not include serum levels of K and
creatinine. This study was approved by the ethical review board at Saga
University Hospital.

In the treatment regimes of all the recruited patients, the ARBs were replaced
with a losartan (50 mg)/HCTZ (12.5 mg) combination pill. This treatment was
continued for an additional 3 months using the targets included in the 2004
JSH guidelines as the therapeutic goal.

Measurement of blood pressure

Measurements of blood pressure and heart rate were recorded in duplicate at
each clinic visit and 242 4h after the previous administration of the study
medication. The recordings were obtained after the patients had rested in a
seated position for 5min, at an interval of at least 1 min. At each visit, which
occurred in the morning, office blood pressures were measured to the nearest
2mmHg in the same arm, using 2 mercury sphygmomanometer and an
appropriately sized cuff. Home blood pressure measurement was recom-
mended for participants using the upper-arm cuff device. Morning home
blood pressure was measured twice with the subject with 3 min rest intervals:
within 1 h after waking, after 1-2 min of rest following micturation, and before
taking any antihypertensive drugs or eating breakfast. Just before going to bed,
and again after 1-2min of rest in a sitting position, evening home blood
pressure was measured. The measurements of the home blood pressures were
averaged over 7 days just before the hospital visit.

Assessment of quality of life

In the S-CATS trial, we specifically focused on the patients’ QOL, using the
BuroQol 5 dimensions (EQ-5D) score, the EuroQol visual analog scale (EQ-
VAS), the hypertension symptom score (HSS) and the Pittsburgh sleep quality
index (PSQI). The EQ-5D is a generic instrument for measuring health-related
QOL, which has becn developed and validated in a number of European
countries.”® The EQ-5D evaluates five dimensions of health status: mobility,
self-care, usual activities, pain/discomfort and anxiety/depression. Each dimen-
sion has three levels of assessment that include ‘no problems), ‘some problems’
or ‘severe problems’ This instrument yields 243 potential combinations of
health states across the five dimensions. Dolan et al? measured 42 of these

Symptoms

1 Headache or heaviness of head

2 Vertigo or tinnitus

3 Palpitation

4 Shortness of breath

5 Chest pain

6 Dizziness

7 Edema

8 Loss of concentration

S Polyuria

10 Neck or shoulder stiffness
Frequency

None, 0; Occasionally, 1, Sometimes, 2; Often, 3; Always, 4

Figure 1 Calculation method of the hypertension symptom score (HSS). The
HSS is a method for estimating patients’ QOL, which we originally
developed for the S-CATS trial. Each of the 10 listed hypertension-related
symptoms was rated 0-4, for a five-grade scoring system. The HSS was
calculated as the sum of each score for the 10 symptoms. Lower scores
indicate better health, with a score of 40 being the worst and O being
the best.
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Table 1 Changes in blood chemistry findings during the 3-month
observation period

n Baseline 3 months Value
AST (UFY) 126 27+13 27+11 NS
ALT (UID 126 23+ 14 23+14 NS
BUN (mgdi-1) 125 167+4.1  187+5.1 <0.001
Uric Acid (mgdI-1) 121 52+1.4 55+1.4  <0.01
Creatinine (mgdIt) 124 0774021 081%0.24 <0.001
EGFR (mImin~11.73m2) 96 70.9%193 66.7+175 <0.001
>50 77 76.9%128 71.7+122 <0.001
<50 19 46786  46.4%107 NS
Na (mEqi-1) 121 14143 140%5 NS
Cl (mEq Y 120 1043 103+3 <0.001
K (mEq Y 120 42304 41104 <0.01
LDL-C (mgdih 96  116%30 113£32 NS
HDL-C (mgdI-Y) 118 57+13 56+ 15 NS
Triglyceride (mgdi?) 124 130+79 128+ 61 NS
Fasting Blood Glucose (mgdI'l) 120 112+45 11134 NS
HbAlc (%) 45  6.1%1.0 6.2+ 1.0 NS

Abbreviations: AST, aspartate aminotransferase; ALT, alanine aminotransferase; BUN, blood urea
nitrogen; Cl, chloride; eGFR, estimated glomerular filtration rate; HDL-C, high-density
lipoprotein cholesterol; HbAlc, hemoglobin Alc; K, potassium; LDL-C, low-density lipoprotein
cholesterol; Na, sodium.

Table 2 Background of patients

Number of patients 183
Age 70+12 ylo
Gender

Male 45%

Female 55%
BM! 24 +5kgm—2
Abdominal circumference 85+17cm
Smoking

Yes 12%

Previously 16%

Never 72%
Alcohol

Daily 20%

Socially 21%

Never 59%

Complication

Diabetes mellitus 25%
Hyperlipidemia 36%
Hyper uric acid 7%
Kidney disorder 16%

Pre-medication
ARB only 45%
Combination of ARB and CCB 55%

Before switching over ARB (mean capacity)

Losartan 19% (52mg)
Candesartan 33% (8.5mg)
Valsartan 22% (81 mg)
Telmisartan 15% (39mg)
Olmesartan 11% (21 mg)

Abbreviation: BM, body mass index.
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health states in a representative sample of the United Kingdom’s general
population, using the time trade-off (TTO) method.!® Based on these evalua-
tions, utility scores can be deduced using an additive function. Utility scores
may vary between —0.59 (worst health) and 1.00 (perfect health). In addition
to the five dimensions, the EuroQol consists of an EQ-VAS ranging from 0
(worst imaginable health state) to 100 (best imaginable health state).!! The HSS
is a method of estimating patients’ QOL, which we originally developed for the
S-CATS trial. This score is calculated as the sum of scores (grades 1-5) of 10
hypertension-related symptoms (Figure 1).

The PSQis a self-administered questionnaire to assess subjective sleep quality
during the previous month.!? The self-rated items of the PSQI generate seven
component scores (range of subscale scores, 0-3) on sleep quality, sleep latency,
sleep duration, habitual sleep efficiency, sleep disturbance, use of sleeping
medications and daytime dysfunction. The sum of these seven component scorés
yields one global scare of subjective sleep quality (range of scores, 0-21), with
higher scores representing poorer subjective sleep quality. The psychometric
properties of the PSQI have been confirmed in previous studies 1213

Data analysis

The data were collected before (baseline) and 3 months after the replacement of
ARBs with the losartan/HCTZ combination pill therapy. The values were
expressed as meantsd. for parametric data and as median value and
interquartile range for non-parametric data. The statistical analyses were
performed using the paired t-test for parametric data and the Wilcoxon
rank-sum test for non-parametric data. The correlation between the two
variables was examined using the Spearman rank correlation coefficient. A P-
value <0.05 was considered ta be statistically significant.

RESULTS

We analyzed the data from 161 patients (72 men and 89 women, aged
70%11yrs) who were followed during the 3-month observation
period. The characteristics of these patients are summarized in
Table 1. There were no major adverse effects in this study. The baseline
antihypertensive medications that the patients had been taking before

a Office Blood Pressure Home Blood Pressure
(n=161) (n=33)
P<0.001 P<0.001
180 ‘ 180 |
160 L 158 -
160 155
140 + 137 140 |- 135
120 - - 120 1
o (o))
T T
E E
100 |- = 100 -
85 84
80 |- 76 80 78
60 - | 60 | | |
P<0.001 P<0.001
40 : . ‘ 40 : L !
Baseline 3 months Baseline 3 months
b 100 oo e o .
Q0 b mmm m e e e e
B0 fmm e
70 e e e
B0 Fmmm o e e
g B0 e 55 |~~~
ol B 3 )
O R I it E T RPN R -
20 p--94  F------- %Y it T EECEEEEE ———-
10F--1 pr-m==m-d  peeemeead bl -
0 : ; : :
ALL DM-CKD <5 years 265 years
(130/80) (130/85) (140/90)

Figure 2 (a) Changes in blood pressure during the 3-month observation period after the replacement of ARBs with the losartan (50 mg/HCTZ (12.5mg)

combination pill. After 3 months of treatment, the office blood pressures

of all 161 patients decreased significantly (left). Home blood pressures also

decreased significantly in 33 patients for whom the data were obtained both at baseline and 3 months after treatment with the combination pill (right).

@ indicates systolic blood pressure, O indicates diastolic blood pressure (b) The guideline achievement rate shows the responders’ blood

pressure-lowering

characteristics compared with those of the non-responders after changing the medication. CKD, chronic kidney disease; DM, diabetes mellitus.
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the medication exchange were ARBs alone in 72 patients (45%) and
ARBs with CCBs in 89 patients (55%). The baseline ARBs were
losartan in 31 patients (19%), candesartan in 53 (33%), valsartan in
35 (22%), telmisartan in 24 (15%) and olmesartan in 18 (11%)
(Table 2). During the 3-month observation period, office blood
pressure decreased significantly (systolic 158 £ 14 to 137+ 15 mm Hg,
P<0.001; diastolic 85+ 11 to 76 + 10mmHg, P<0.001) (Figure 2a,
left), and heart rate did not change significantly (73 %3 to 72 +3).
Home blood pressure also decreased significantly (systolic 155 + 21 to
135+ 15mmHg, P<0.001; diastolic 84+13 to 78+11 mm Hg,
P<0.001) (Figure 2a, right). As the result of adhering to the guidelines
of the Japanese Society of Hypertension, there were difficulties in
using the drug combination to treat the patients with complications of
diabetic mellitus and chronic kidney discase (Figure 2b). The blood
pressure-lowering etfect was similar between the patients taking ARBs
alone and those taking ARBs with CCBs as the baseline medications
(Figure 3). In addition, the blood pressure-lowering effect was
independent of the differences in baseline ARBs (Figure 4).

Changes in blood biochemistry profiles are shown in Table 1.
Significant increases in serum levels of blood urea nitrogen
(16.7+4.1 to 187 5.1 mgdl™, P<0.001), uric acid (52+ 1.4 to
55+ 14mgdl, P<001) and creatinine (0774022 to

Diastolic Blood Pressure

Systolic Blood Pressure

-10.0

{7 ARBs alone (n=70)
B ARBs with CCBs (n=91)

Figure 3 Comparison of the blood pressure-lowering effects between the
patients taking ARBs alone and those taking ARBs with CCBs as the
baseline medications. The effects were similar between two groups.

Systolic Blood Pressure Diastolic Blood Pressure

(mmHg)

"""""""""""""""""" NS,

O Losartan (29)
B Candesartan (55)
~--J Valsartan (36)  ---
O Telmisartan (24) .
B Olmesartan (17)

Figure 4 Comparison of blood pressure-lowering effects among the patient
groups for each of baseline ARBs. The effects were similar among the
groups.
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0.81+0.24 mgdl™!, P<0.001) were evident during the observation
period. Estimated glomerular filtration rate (eGFR) was calculated in
96 patients according to the Japanese Society of Nephrology Chronic
Kidney Disease Practice Guide, and it was shown to decrease sig-
nificantly from  709+193 to 66.7+17.5mlmin™! 1.73 m2
(P<0.001). Of these 96 patients, 77 patients with an eGFR>50ml-
min1.73m? showed a significant decrease (76.9+12.8 to
71.7%122, P<0.001). In the remaining 19 patients with an
eGFR<50ml min™ 1.73m™2, the eGFR value did not change signifi-
cantly (46.7 +8.6 to 46.4 £ 10.7). Serum chloride and potassium levels
decreased significantly (104 £ 3 to 103 + 3mEql™), P<0.001, 42 +0.4
to 4.1+0.4mEql™Y, P<0.01, respectively).

The EQ-5D index values analyzed in 95 patients increased signifi-
cantly during the study from 1.00 (0.71-1.00) to 1.00 (0.76-1.00)
(P<0.01). Of these 95 patients, 20 patients with an EQ-5D<<0.7
showed a significant increase from 0.65 (0.59-0.69) to 0.67 (0.62~
0.76) (P<0.05). The score did not change significantly in the
remaining 75 patients with an EQ-5D > 0.7 (1.00 (0.77-1.00) to 1.00
(1.00-1.00)). The VAS analyzed in 96 patients increased significantly
from 70.0 (68.8-80.0) to 80.0 (70.0-90.0) (P<0.01). Of these 96
patients, 50 patients with a VAS<70 showed a significant increase
from 70.0 (56.3-70.0) to 70.0 (60.0-80.0), (P<0.001). However, in the
remaining 46 patients with a VAS>70, the score did not change
significantly (80.0 (80.0-90.0) to 85.0 (80.0-90.0)). The PSQI analyzed
in 45 patients decreased significantly from 4.0 (2.0-7.0) to 3.0 (2.0—
5.0) (P<0.05). Of these 45 paticnts, 13 patients with a PSQI>5.5
showed a significant decrease (8.0 (7.0-9.0) to 7.0 (5.0-7.0), P<0.05),
whereas the score did not change significantly in the remaining 32
patients with a PSQI<5.5 (3.0 (1.0-4.0) to 2.5 (1.0-4.0)) (Table 3).
Finally, the HSS analyzed in 93 patients decreased significantly (4.0
(1.0-9.0) to 2.0 (1.0-8.0), P<0.05) (Figure 5a). In these 93 patients,
the change in HSS (the bascline value minus the 3-month value)
correlated with systolic blood pressure (R=0.241, P=0.0195)
(Figure 5b).

DISCUSSION

In this study of hypertensive patients, the replacement of an ARB with
a combination pill containing losartan and HCTZ achieved a mean
reduction in systolic blood pressure of 21 mm Hg and in diastolic
blood pressure of 9mmHg. In addition, all the QOL scores we

Table 3 Changes in quality of life (QOL) during the 3-month
observation period

n Baseline 3 months Value
EuroQol 5 dimensions (EQ 5D)

95 1.00 (0.71-1.00) 1.00 (0.76-1.00) P<0.01
<7 20 0.65 {0.59-0.69) 0.6/ (0.62-0.76) P<0.056
=7 75 1.00 (0.77-1.00) 1.00(1.00-1.00) NS

Visual analog scale (VAS)

96 70.0 (68.8-80.0) 80.0 (70.0-90.0) P<0.01
<70 50 70.0 (56.3-70.0) 70.0 (60.0-80.0) F<0.001
=70 46 80.0 (80.0-90.0) 85.0 (80.0-90.0) NS

Pittsburgh sleep quality index (PSQ!)

45 4.0 (2.0-7.0) 3.0(2.0-5.0) F<0.05
<55 13 3.0 (1.0-4.0) 2.5(1.04.0) NS
=55 32 8.0 (7.0-8.0) 7.0 (56.0-7.0) P<0.05
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Figure 5 (a) Change in HSS after 3 months of treatment with the losartan (50 mg)/HCTZ (12.5mg) combination pill (n=93). Overall, HSS decreased
significantly (Wilcoxon rank-sum test). The solid line represents the median value; the box, the interquartile range; and the error bar, the 95% confidence
interval. (b) Graph showing the positive correlation between the change in HSS and systolic blood pressure during the 3-month observation period following
the replacement of ARBs with the losartan (50 mg)/HCTZ (12.5 mg) combination pill. (c) Self-assessment survey completed by patients with hypertension

shows detailed examples of the effects of an improved hypertension symptom score. 1:

headache or heaviness of head, 2: vertigo or tinnitus, 3: palpitation,

4: shortness of breath, 5: chest pain, 6: dizziness, 7: edema, 8: loss of concentration, 9: polyuria and 10: neck or shoulder stiffness.

measured in the study (that is EQ-5D, VAS, HSS and PSQI) improved
after treatment with the losartan/HCTZ combination pill.

Patients seen in primary care settings often present with unspecific
symptoms irrespective of the underlying medical problem. Many of
these symptoms are non-specific. Patients with hypertension fre-
quently report symptoms that are also reported by normotensive
patients.!* Hypertension is usually described as asymptomatic in the
absence of significant target organ damage and concomitant disease,
although cognitive changes, mood alterations and general symptoms,
such as dizziness and headache, have been described.15-19 Some
symptoms are unique to the effects of antihypertensive drugs, whereas
others overlap with symptoms described as or attributed to the
hypertensive disease itself or are inseparable from those observed
throughout the primary care population.’

The ultimate goal of antihypertensive treatment is the reduction of
cardiovascular mortality and morbidity. To achieve this goal, treat-
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ment compliance and medication adherence need to be maintained. If
patients taking antihypertensive drugs do not feel a reduction in
symptoms, it is unlikely that they will comply or adhere to the
treatment. Symptoms, whether disease- or treatment-induced, may
Impair the health-related QOL of patients. QOL refers to the physical,
emotional and social impact of a disease and its treatments2%2! and is
distinct from the physiological measures of disease.2-23 Estimation of
QOL may assess the impact of a disease and its treatment from a
patient’s perspective to a greater extent than it assesses conventional
clinical symptoms. To estimate the patients’ QOL, several scoring
systems in the form of questionnaires on various health-related factors
have been developed and validated. The EQ-5D is commonly used to
measure health-related QOL and has been shown to be responsive,
internally consistent and reliable in the normal population and other
patient groups.®1® The VAS is also used to measure health-related
QOL. Although it is not as sensitive as other measures, the VAS does



have considerable merit because of its ease of application, which
makes the collection of panel data feasible.!! To date, there have been
no reports that have specifically evaluated EQ-5D or VAS in the
treatment of hypertension. However, another method for evaluating
QOL, the 36-item Short Form questionnaire (SF-36), has been used in
hypertensive patient populations. Because all these QOL scores
represent health-related evaluations, we used our original QOL score
from the HSS questionnaire in the present study. This questionnaire
focuses on comparatively specific hypertension-related symptoms,
calculated as the sum of five graded scores of 10 symptoms. We
showed that the HSS score, as well as the EQ-5D and VAS scores,
decreased after exchanging ARBs for the combination pill. In addition,
the change in HSS score correlated significantly with the decrease in
systolic blood pressure. Taken together, these results indicate that
lowering blood pressure may improve QOL.

We also evaluated sleep quality with the PSQI during the course of
treatment with the combination pill. This measurement showed
that blood pressure lowering was associated with improved sleep
quality, as shown by a decrease in PSQIL Sleep quality is one
of the most important factors contributing to QOL. It has been
reported that the prevalence of hypertension in subjects who are ‘poor
sleepers’ is 87.1% compared with 35.1% in ‘good sleepers’®* The
increasing interest in the association between sleep disorders and
significant  comorbidities, including hypertension and glucose
metabolism disorders, suggests that studies screening for cardiovas-
cular risk should include an evaluation of sleep quality with ques-
tionnaires such as the PSQL In this regard, our results indicate that the
reduction in blood pressure caused by combined losartan
/HCTZ treatment may lead to improvements in cardiovascular
mortality and morbidity, partially as a consequence of improved
sleep quality.

The results of our study also showed that the levels of blood
urea nitrogen, uric acid and creatinine increased, whereas
eGFR decreased during the 3 months of observation. These results
may have been caused by transient decreases in intraglomerular
pressure and a subsequent reduction in glomerular filtration, due to
the blood pressure-lowering effect of the losartan/HCTZ combination
pill. The changes observed in these renal function parameters,
however, were within the normal range. In addition, decreases in
eGFR were observed only in patients with a normal eGER
(>50mlmin™' 1.73m2), whereas eGFR remained unchanged in
patients with a low eGFR (<50mlmin™ 1.73m™?). These findings
indicate that there are no safety problems associated with the use of
the losartan/HCTZ combination pill. Simultaneous decreases in
chloride and potassium levels, possibly caused by the effects of
HCTZ, were also within the normal range. In this study, blood
examnination revealed increases in the plasma uric acid levels after 3
months. This increase might have been induced by the administration
of HCTZ.

Potential limitations/clinical implications

The major limitation of the S-CATS study was an uncontrolled design
involving a single-arm treatment in a relatively small number of
patients. It is possible that confounding factors affected the present
results. Therefore, we need to perform a two-armed randomized study
in the future.

Our study included a limited number of patients because we could
not obtain the informed consent from all the patients based on the
QOL assessment. However, only practitioners of the Saga Medical
Association performed this study and similar efforts by practitioners
worldwide would be expected to result in improvements in cardio-
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vascular morbidity and mortality among patients with hypertension,
We therefore consider it essential that practitioners who are not
specialists in the treatment of hypertension recognize the importance
of adequately relieving patients’ symptoms, thereby improving QOL
and maintaining treatment compliance and medication adherence. On
the basis of our results, we envisage that antihypertensive treatment
with the losartan/HCTZ combination pill may result in a better long-
term prognosis for patients with hypertension, partially as a conse-
quence of improved QOL. In addition, we propose that the evaluation
of QOL, including sleep quality, would be useful in the management
of hypertension.
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