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Figure 2 The correlation between estimated salt excretion and changes in systolic or diastolic blood pressure and the correlation between urine Na-to-Cr

ratio and estimated salt excretion or changes in mean blood pressure in the

3rd month. The individual correlations between changes in blood pressure

during the initial 3 months and baseline eSE were plotted (n=93). The relationships between (a) baseline eSE and SBP changes and (b) baseline eSE and
DBP changes were plotted. Correlations between (c) baseline NCR and baseline eSE and (d) baseline NCR and MBP changes were also plotted. R indicates

the regression coefficient. Abbreviations: SBP, systolic blood pressure; DBP,
excretion; NCR, urine Na-to-creatinine ratio.

DISCUSSION
The present study showed that combination therapy with losartan
and low-dose hydrochlorothiazide successfully lowered blood pres-
sures in patients whose hypertension was resistant to ARB mono-
therapy or ARB and CCB combination therapy. As the types and
doses of preadministered ARBs varied among the individual patients
enrolled in this study, it could be considered that the clinical
advantages obtained with the combination therapy did not result
from the addition of thiazide alone, but from the concomitant use of
losartan and thiazide. The present study also revealed that the clinical
efficacy of combination therapy with losartan and thiazide was more
prominent in patients with high levels of salt excretion, suggesting
that the presumed salt intake and the efficacy of the combination
therapy are highly correlated. Simultaneously, the correlation between
eSE and MBP changes might indicate that more than a few patients
with ARB monotherapy- or ARB and CCB combination-resistant
hypertension demonstrated thiazide-responsive, salt-sensitive features.
The clinical effectiveness of thiazide has been examined for many
years. The Joint National Council (JNC)-7 guideline positions
thiazide at the center of antihypertensive therapy.?® Similarly, the
latest Japanese guideline for hypertension therapy, JSH-2009,
recommend that a low dose of thiazide be adopted as a
concomitant agent.'® Multiple clinical studies have elucidated the
potential effects of combination therapy with an ARB and thiazide.?*~
27 Successful reduction of the proteinuria that remains after ARB
monotherapy or ARB-CCB combination therapy has also been

diastolic blood pressure; MBP, mean blood pressure; eSE, estimated salt

reported in a clinical study of patients treated with losartan plus
thiazide.”® The present study clearly shows that hypertensive patients
who showed ARB monotherapy-resistant hypertension demonstrated
a significant further decrease in blood pressure and a significant
reduction in ACR by switching to losartan and thiazide combination
therapy, in agreement with previous studies. The combination
therapy is considered to be especially beneficial for preventing
thiazide-associated hyperuricemia and ARB-associated hyperkalemia
because those adverse effects should be canceled by the losartan-
associated acceleration of uric acid excretion and the thiazide-
associated acceleration of potassium excretion, respectively.?
Indeed, there was no significant change in the serum concentration
of potassium and uric acid throughout the entire observation
period in this study.

It seems reasonable to consider that the efficacy of thiazide would
be at least somewhat correlated with the amount of salt accumulation
in the body or the amount of salt intake, although such a correlation
has not been directly demonstrated yet. Uzu et al.*® demonstrated that
the antihypertensive effect of thiazide was more obvious in patients
with nocturnal blood pressure elevation who showed a large amount
of salt excretion compared with cases without nocturnal blood
pressure elevation who showed a smaller amount of salt excretion.
Although this study did not show a direct correlation between salt
excretion and the effectiveness of thiazide, the relationship was
indirectly indicated based on clinical observation. In the present
study, the advantage of eSE as a parameter to predict
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the efficacy of losartan and thiazide combination therapy was shown
via stratified, univariate and multivariate analyses, although a rough
relationship between thiazide effectiveness and salt excretion or intake
has been previously discussed only for stratified groups, such as those
with high or low salt intake.>®3!

Multiple formulas have been proposed for estimating salt excretion.
However, we considered that it would be difficult to apply these
formulas to this study, because some of them require the measure-
ment of lean body mass®? or the use of the second urine after awaking
as a urine sample® Tanaka et al?® have reported that sodium
excretion for 24 h could be estimated by the use of urine sodium and
Cr concentration and the estimated Cr excretion for 24h, which
would be calculated based on the age, body weight and height of
individual cases. The Japanese Society of Hypertension recommends
using Tanaka’s formula®* In the present study, estimated sodium
excretion was converted to estimated salt excretion, which was
considered a reasonable accurate estimate of the salt intake. Indeed,
Tanaka et al?® demonstrated that the estimated salt excretion was
highly representative of the salt intake. Therefore, the present study
suggests that the effectiveness of combined losartan and thiazide
for therapy-resistant hypertension would be significantly affected by
salt intake and that the estimation and assessment of salt excretion
would be helpful for establishing a strategy for therapy-resistant
hypertension.

While salt load causes elevation of blood pressure even in normal
subjects,® there are individuals who show an especially pronounced
blood pressure elevation in response to salt intake, that is, salt-
sensitive hypertensives.? It is generally believed that the major clinical
features of salt-sensitive hypertension are female sex, obesity, insulin
resistance and high incidence of diabetes, renal damage (such as
microalbuminuria) and dyslipidemia.? The National Health and
Nutrition Survey of Japan reported that the prevalence of obesity
and the average BMI in Japan were 30.4% and 23.1 in males and
20.2% and 22.3 in females,* whereas those of the patients enrolled in
this study were 32.7% and 24.5 in males and 42.1% and 24.6 in
females, indicating that the study subjects had an obesity prevalence
that was higher than that of the Japanese population. Similarly, the
enrolled patients also showed a higher prevalence of other parameters,
such as dyslipidemia, diabetes and CKD.* These clinical features of the
patients in this study match the clinical profile of salt-sensitive
hypertension, which might have contributed to the appearance of a
correlation between eSE and MBP change in this study. It is presumed
that patients with salt-sensitive hypertension basically suffer
from an impairment of renal salt excretion,®®? suggesting that
their salt intake exceeds their salt excretion. Consequently, a realistic
salt intake would be assumed to be more likely than the estimated
amount. In any case, patients with salt-sensitive hypertension
whose blood pressure is predominantly determined by the salt load
or accumulation would be considered resistant to ARB monotherapy,
but should respond to the combination of an ARB plus thiazide.
Alternately, it might also be suggested that many of the patients
with resistance to ARB monotherapy or ARB plus CCB combination
therapy might have a higher incidence of salt-sensitive hyper-
tension.

Despite the clinical advantages, daily salt excretion or intake
assessments are not realistically straightforward because eSE calcula-
tion remains complex in the clinical setting. The present study also
showed that NCR might be a more reliable parameter than eSE for
estimating daily salt excretion, at least in the patients enrolled in this
study. In general, the 95% reliable range for the average population is
determined by the following equation:

Hypertension Research

mean t (square root of D) x k, where D indicates the number of
samples divided by the variance of population, and k indicates the
reliability coefficient (1.96 for 95% reliability).

Consequently, the 95% reliable range of eSE in the high-responder
group would be from 14.5 to 84¢g per day. An analysis of the
correlation between eSE and NCR resulted in the following equation:

NCR=43.8 x eSE —238.9 (mmol per g of Cr).

Therefore, the 95% reliable range of eSE in the high-responder
group would correspond to 396~134 per g of Cr of NCR. Indeed, one
study reported that an NCR of 134mmol per g of Cr might
correspond to the salt excretion of Japanese people with average salt
intakes, although the study results were based on second urine
samples after awaking.** Therefore, the study’s clinical analysis of
NCR suggests that ~ 130 mmol per g of Cr or more would be a rough
standard for cases that might be expected to show a prominent
response to combination therapy with losartan and thiazide.

In conclusion, eSE or NCR could be used to assess the efficacy of
losartan and low-dose thiazide combination therapy in patients who
demonstrate resistance to ARB monotherapy. Combination therapy
with losartan and thiazide might be well suited to patients who show
ARB resistance and high levels of salt excretion.

Limitations

There were some limitations to this study. First, this study was an
observational study in the same population rather than a comparative
study. Additionally, the number of enrolled cases was <100, and a
gender bias existed. These issues raise the possibility that the results
obtained in this study are not generally applicable to other popula-
tions. However, even in a limited population, the finding of a
correlation between estimated salt excretion or intake and efficacy
of anti-hypertension therapy using losartan plus thiazide is of clinical
importance.
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Abstract

Background/Aims: This multicenter, prospective, observational study assessed the
renoprotective effects of losartan/thiazide combination therapy in terms of lowering the
estimated glomerular filtration rate (eGFR). Methods: Adult patients with angiotensin
receptor blocker (ARB)-resistant essential hypertension (n = 104) were enrolled and switched
to combination therapy with losartan (50 mg/day) and hydrochlorothiazide (12.5 mg/day).
Results: eGFR values declined significantly during the first 3 months, and changes in eGFR
were assessed according to tertiles of the eGFR decrease ratio at 3 months. Only the high
eGFR decrease (1st tertile) group showed significantly greater decreases in baseline eGFR
and albumin-to-creatinine ratio (ACR) during the first 3 months. Additionally, the assessment
according to tertiles of the baseline eGFR showed a significant decrease in eGFR and ACR during
the first 3 months in the high baseline eGFR (st tertile) group, but not in the moderate (2nd
tertile) and low baseline eGFR (3rd tertile) groups. Conclusion: The present results revealed
that losartan/thiazide combination therapy attenuated glomerular overload, indicating that
this therapy may provide glomerular protection in patients with an elevated GFR without
causing prolonged damage to renal function.
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Introduction

Angiotensin receptor blockers (ARBs) are used commonly for anti-hypertension therapy
and have been recommended as a first-line therapeutic strategy in several hypertension
guidelines [1-3]. The principal advantage of ARBs are that they exert various protective
effects in organs in addition to lowering blood pressure [4-8]. Thiazide diuretic agents are
used as second-line drugs for hypertensive patients with ARB resistance and they are also
recommended for concomitant use with ARBs in several guidelines [1, 2]. Indeed, a large-
scale clinical study has reported clinical advantages of an ARB and thiazide combination
therapy [9].

We recently conducted a multicenter, prospective, observational study in the Saitama
Prefecture of Japan (the Saitama Anti-hypertension Losartan-hydrochlorothiazide Trial:
SALT study), wherein we studied the clinical effectiveness of losartan/thiazide combination
therapy in patients with hypertension that was resistant to either ARB monotherapy or
concomitant ARB + calcium channel blocker (CCB) therapy [10]. The results showed that
estimated salt excretion (eSE) at baseline was significantly correlated with the magnitude of
blood pressure decrease, and that eSE could predict the efficacy of the combination therapy
[10]. The study also demonstrated a significant decrease in the estimated glomerular
filtration rate (eGFR) during the first 3 months after the switch to ARB/thiazide combination
therapy [10].

It is generally considered that a decrease in the GFR or an increase in serum creatinine
(Cr) levels indicates a deterioration in renal function. However, in certain cases, a decreased
GFR may indicate attenuation of a pressure overload in the glomerulus. A sub-analysis of the
Reduction of Endpoints in NIDDM with the Angiotensin I Antagonist Losartan (RENAAL)
study revealed that an acute decrease in the GFR during the initial period after the switch to
losartan predicted a slower decrease in long-term renal function, indicating that the initial
decrease in GFR provided a long-term renoprotective effect [11]. In addition, a decrease in the
GFR at the onset of losartan/thiazide combination therapy generally predicts a subsequent
slower decline in renal function, presumably because it reflects a decrease in glomerular
pressure [12]. These results strongly suggest that a decline in the GFR does not necessarily
indicate a deterioration in renal function. However, the significance of the GFR decrease
caused by combined ARB/thiazide therapy has not been studied sufficiently, particularly its
relationship with the associated anti-proteinuric effect.

In this study, we performed a sub-analysis of the SALT study to evaluate the clinical
significance of the decline in eGFR. This involved assessing the relationships among the
decline in eGFR, the baseline values of eGFR, decrease in blood pressure, and changes in
albuminuria. The results showed that a significant decline in the eGFR occurred only in
patients with high baseline eGFR values. These patients also showed a significant decrease
in albuminuria. The results indicated that the renoprotective effect of losartan/thiazide
combination therapy was attributable to amelioration of the hyperfiltration state of
glomerular hemodynamics. Our findings thus contribute to knowledge about therapeutic
strategies for the clinical management of ARB-resistant hypertension and the renoprotection
associated with these strategies.

Materials and Methods

Study subjects

The SALT study was a multicenter, prospective, observational study. The main outcomes and complete
study design, organization, clinical measures, exclusion criteria, and baseline characteristics have been
published [10]. The study was conducted in accordance with the principles of the Declaration of Helsinki.
The study protocel was approved by the Ethics Committee for Human Studies at Saitama Medical University.
We included patients aged 38-85 years with essential hypertension who were administered an ARB with or
without the concomitant administration of a CCB over a 1-month period (May 2008 to April 2010). Patients
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who did not meet the target blood pressure levels described in the 2004 Japanese Society of Hypertension
Guidelines for the Management of Hypertension (£130/85 mmHg for young and middle-aged adults,
< 140/90 mmHg for adults aged > 75 years) [13] after this antihypertension therapy and who provided
informed consent were enrolled in the SALT study. As described [10], patients were excluded from the
study if they had been administered any type of diuretic or thiazolidinedione agent or if they exhibited
advanced renal insufficiency (serum Cr > 2.00 mg/dL or eGFR < 30 mL/min}, heart failure (New York Heart
Association functional class III or IV for dyspnea at exertion), or severe liver dysfunction.

Study protocol and clinical profile of the participants

A total of 104 patients who underwent SALT study screening were included in the present study.
After blood and urine sampling to obtain baseline laboratory data, the ARB treatment in these patients was
switched to the daily administration of a tablet of a compound drug (Preminent®) that contains losartan (50
mg) and hydrochlorothiazide (12.5 mg). The first morning urine was collected for biochemical analysis. The
enrolled patients visited individual centers for the measurement of blood pressure and medical interviews
until the 12th month. At the 3rd- and 12th-month visits, each patient provided blood and urine samples
using methods similar to those used for the baseline sample collection. As described [10], 93 and 74
participants completed the 3-month and 12-month observations, respectively. At the baseline, the patients’
mean age was 67.7 + 12.6 years and their mean body mass index (BMI) was 24.6 + 3.6 kg/m?[10]. The ratio
of males was 59.1% (55 cases). The prevalence of obesity was 34.4% (n = 32), diabetes 21.5% (n = 20), and
dyslipidemia 44.1% (n = 41). The criteria for diagnosing obesity, diabetes, and dyslipidemia were as follows:
obesity, body mass index (BMI) = 25.0 kg/m?; diabetes, use of antihyperglycemic medication or fasting blood
glucose levels > 125 mg/dL; dyslipidemia, use of lipid-lowering medication or total cholesterol levels = 220
mg/dL and/or high-density lipoprotein cholesterol levels < 40 mg/dL and/ or triglyceride levels = 150 mg/
dL. The ARBs being taken by the patients at enroliment and their mean doses were as follows: olmesartan
(n =25, 26.9%, 20.0 mg/day), losartan (n = 22, 23.7%, 50.0 mg/day), valsartan (n = 18, 19.4%, 92.5 mg/
day), telmisartan (n = 14, 15.1%, 38.7 mg/day), candesartan (n = 11, 11.8%, 7.6 mg/day), and irbesartan
(n =3, 3.2%, 100.0 mg/day). Thirty-five patients were receiving concomitant CCB therapy at enrollment in
the study, including amlodipine (n = 20; mean dose, 5.6 mg/day), long-acting nifedipine (n = 6, 23.3 mg/
day), azelnidipine (n = 5, 12.8 mg/day), benidipine (n = 2, 6.0 mg/day), cilnidipine (n = 1, 10.0 mg/day), and
nicardipine (n = 1, 5.0 mg). eSE (g/day) was calculated and assessed as described previously [14]. Briefly, the
value was calculated from estimated 24-h Na excretion (24HUNaV) using the following equations proposed
by Tanaka et al. [14]:

predicted value of 24-h urine Cr (PRCr, mg/day) =

-2.04 x age + 14.89 x body weight (kg) + 16.14 x height (cm) - 2244.45
24HUNaV (mEq/day) = [21.98 x (uNa/uCr) x PRCr]%3%

eSE (g/day) = (58.5 x 24HUNaV)/1000

Statistical analysis

All biochemical parameters except brain natriuretic peptide (BNP) and urine albumin-to-Cr ratio (ACR)
are expressed as means + standard deviations. BNP and ACR values did not have a parametric distribution;
therefore, they are expressed as median and 1st- and 3rd-quartile values. We determined the significance of
differences in continuous variables with a parametric distribution by paired t-tests if an analysis of variance
(ANOVA) demonstrated equal distribution and by Welch’s t-test if the ANOVA demonstrated a nonequal
distribution. The mean values of unpaired variables with a parametric distribution were analyzed using the
two-tailed t-tests for two groups comparison and two-tailed multiple t-test with a Bonferroni correction for
multiple group comparisons followed by ANOVA. The significance of paired and unpaired variables with a
nonparametric distribution was evaluated using Wilcoxon’s signed-rank test and the Mann-Whitney U-test,
respectively. All statistical analyses were undertaken using a microcomputer-assisted program with SPSS
(ver 20.0) for Windows Xp (SPSS Inc,, Chicago, IL, USA). A p-value of < 0.05 was considered significant.
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Table 1. Changes in biochemical parameters
0 months 3 months 12 months
(n=93) (n=93) (n=74)
Blood pressure
SBP (mmHg) 1549 + 149 1374 + 16.9%* 135.2 + 14.1**
DBP (mmHg) 869+ 12.1 78.6 £ 11.2%* 76.2 £11.0%*
Blood test
Albumin (g di-1) 4.33+0.39 4.28+031 4.25+0.40
Cr (mg dl-1) 0.71+£0.21 0.80 £0.21** 0.80 £ 0.22**
eGFR  (mlmin-1) 78.8+19.8 71.8+19.3% 71.3 £0.20.2**
Uric acid (mg dI-1) 573+1.70 5.63 +1.62 589+1.73
Na (mEq I'?) 141.2+1.6 140.1+ 2.1 1406+ 2.4
K (mEqI-1) 427 £0.57 4.27 + 0.60 4.16 £ 0.59
Cl (mEq1-1) 103.7+2.7 101.9+3.1 102.0+25
TC (mg dl-t) 202.7 £37.7 2004 +£35.5 187.8+37.1
TG (mg dI') 152.7 +96.4 159.4 +109.5 143.0+76.7
BNP (pg ml-1) 22.9(10.9,37.7) 16.0 (6.7,33.6)** 14.4 (5.4, 41.0)**
FBS (mg dI-1) 119.4+51.8 110.7 £ 33.0 117.6 £39.0
Alc (%) 5411 55+1.0 56+1.1
Urine test
Creatinine (g1-1) 0.84 £ 0.54 0.80£0.22 0.91 +0.59
Na (mEq gCr-1) 1208519 130.8 % 66.5 121.1+£57.0
K (mEqI-1) 359+269 409+ 304 344 +234

ACR (pg mgCr-1)

11.2 (5.8, 46.3)

8.7 (4.6,16.5)**

4.6 (2.8, 14.9) ##

The BNP and ACR results are expressed as median values (in parentheses) because these variables did not
have a parametric distribution. Abbreviations: SBP, systolic blood pressure; DBP, diastolic blood pressure;
eGFR, estimated glomerular filtration rate; BNP, brain natriuretic peptide; FBS, fasting blood sugar; ACR,
albumin-to-creatinine ratio.

* p < 0.05 vs. 0 months, ** p < 0.01 vs. 0 months, # p < 0.05 vs. 3 months, ## p < 0.01 vs. 3 months

Results

Physiological and biochemical parameters

The time-related changes in biochemical parameters as measured in the patients’ blood
and urine samples are listed in Table 1. Both systolic and diastolic blood pressure decreased
significantly within the first 3 months, although no significant change was observed over
the next 9 months. The majority of biochemical parameters, including serum potassium
levels, uric acid levels, and glucose tolerance, showed no significant change during the 1-year
observation period. Significant changes in serum Cr levels and eGFR were observed in the
first 3 months but not in the next 9 months. BNP levels also showed a significant decrease
in the first 3 months. Urine analysis showed that ACR decreased significantly in the first 3
months as well as over the following 9 months.

Stratified analysis of baseline parameters by eGFR decrease ratio at 3 months and the

time-differential changes in blood pressure, eGFR and ACR in each group

To elucidate the clinical profile of the patients who showed a decrease in eGFR, we
first calculated the decrease ratio of eGFR at 3 months to assess the effects of the losartan/
thiazide combination therapy on the changes in eGFR values and the residual albuminuria.
The patients were stratified according to tertiles of the eGFR decrease ratio at 3 months. As
shown in Table 2, the baseline values of BMI, blood pressure, BNP, ACR, and eSE were not
different between the three groups. The baseline eGFR in the high eGFR decrease group (1st
tertile) was significantly greater than that in the moderate and low eGFR decrease (2nd and
3rd tertiles) groups. As shown in Fig. 1, the residual albuminuria decreased significantly in
the high eGFR decrease group but not in the other two groups. In all three groups, blood
pressure showed equal and significant decreases in the first 3 months, with no change over
the next 9 months.
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Table 2. Baseline values of parameters in the groups with a high, moderate, and low eGFR decrease ratio
high eGFR decrease moderate eGFR decrease low eGFR decrease
parameters (1st tertitle) (2nd tertitle) (3rd tertitle)
n 31 31 31
eGFR-reduction rate 0.74 + 0.09"## 0.91+0.05 1.09+£0.14
baseline BMI (kg m-2) 24.6+39 24.7+4.1 249+33
baseline SBP (mmHg) 1575153 1542 +132 1498+ 16.3
baseline DBP (mmHg) 87.7+15.1 85.0x9.7 88.3+9.7
baseline eGFR (ml min-1) 89.6 £31.37¢ 71.0+145 740+ 14.6
baseline BNP (pg ml-1) 25.3 (174, 42.4) 27.0 (15.8, 51.0) 21.5 (7.6, 35.0)
baseline ACR (pg mgCr-1) 14.2 (5.8,47.3) 10.1 (6.1, 55.3) 8.6 (4.8,17.8)
baseline eSE (g day) 10.08 + 2.65 10.02 + 2.86 9.51+2.27

The first and second tertile values of eGFR decrease were 0.85 and 0.99, respectively. The values of BNP and
ACR represent the median values (in parentheses) because these variables did not have a parametric
distribution. Abbreviations: eGFR, estimated glomerular filtration rate; BNP, brain natriuretic peptide; ACR,
albumin-to-creatinine ratio; eSE, estimated salt excretion.

** p < 0.01 vs. the moderate eGFR decrease group, # p < 0.05 vs. the low eGFR decrease group, ## p < 0.01 vs.
the low eGFR decrease group

high eGFR decrease moderate eGFR decrease low eGFR decrease
a (1st tertile) (2nd tertile) (3rd tertile)
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Fig. 1. Tertile analysis of estimated glomerular filtration (eGFR) decrease ratio at the 3rd month. Time-relat-
ed changes in eGFR at 0, 3, and 12 months (a) and systolic (closed circles) and diastolic (open circles) blood
pressure at 0, 3, 6,9 and 12 months (b) are expressed as mean + SEM in the 1st, 2nd, and 3rd tertiles of eGFR
decrease. The urine albumin-to-creatinine ratio at 0, 3, and 12 months (c) are depicted in the box plot, where

the box represents the interquartile range (Q1-Q3).

Stratified analysis of baseline parameters by baseline eGFR and the time-differential

changes in blood pressure, eGFR and ACR in each group

Because the decreases in eGFR and albuminuria were related to the significant decrease
in high baseline eGFR values, we next divided the patients into three tertiles of baseline eGFR
values. As shown in Table 3, there was no significant difference in the baseline value of all
other parameters, including albuminuria and eSE. The changes in eGFR, blood pressure, and
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Table 3. Baseline values of parameters in the groups with high, moderate, and low baseline eGFR values
high baseline eGFR moderate baseline eGFR low baseline eGFR
parameters (1st tertile) (2nd tertile) (3rd tertile)
n 31 31 31
baseline eGFR (ml min-1) 102.2 £ 25.7## 76.1+52 59.3+£81
baseline BMI (kg m-2) 246+39 24137 251+35
baseline SBP {(mmHg) 1584+ 16.0 152.0 £ 14.7 151.5+11.8
baseline DBP (mmHg) 90.6 +13.8 848+11.0 85.8+11.7
baseline BNP (pg ml-1) 14.6 (7.8,29.6) 22.2(9.6,47.5) 23.8 (18.8, 36.6)
baseline ACR (ug mgCr-1) 12.8 (5.8,33.6) 10.1(5.9,18.9) 7.7 (4.8, 40.6)
baseline eSE (g day-1) 9.58 + 2.85 9.28 £ 2.34 10.53+2.79
age 63.1+12.8 68.7£13.4 70.2+11.6
BMI 24.6+39 24.1+3.7 25.1+35
incidence of diabetes 20.7% 16.1% 16.7%

The first and second tertile values of baseline eGFR were 85.3 and 68.9 mL/min, respectively. Values of BNP
and ACR represent the median values (in parentheses) because these variables did not have a parametric
distribution.

Abbreviations: eGFR, estimated glomerular filtration rate; BNP, brain natriuretic peptide; ACR, albumin-to-
creatinine ratio; eSE, estimated salt excretion

** p < 0.01 vs. The moderate baseline eGFR group, ## p < 0.01 vs. the low baseline eGFR group

high baseline eGFR moderate baseline eGFR low baseline eGFR
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150
& — p<0.001 ns.
£ 100 - s
E ] —e
x 50 —o— 9%
s ]
S ol
b ° °
" — p<0.001 — p<0.001
b=
2T
L
aE 0 o000
E
§ — p<0.001 —— p<0.001
o
c 0 3 12 month 0 3 12 month 0 3 12 month
4007 |
= p<0.001 2% s ns s ns
(‘3 300 ; n.s. I.s. n.s. n.s
e 200 )
3 . .
@ ' .
Q 100 . . . E
2 [
0

oM 3M 12M 0OM 3M 12M OM 3M 12M

Fig. 2. Tertile analysis of baseline eGFR. Time-related changes in eGFR at 0, 3, and 12 months (a) and systol-
ic (closed circles) and diastolic (open circles) blood pressure at 0, 3, 6, 9, and 12 months (b) are expressed
as mean + SEM in the 1st, 2nd, and 3rd tertiles of baseline eGFR. The urine albumin-to-creatinine ratio at 0,
3, and 12 months (c) are depicted in the box plot, where the box represents the interquartile range {Q1-Q3).

ACR during the observation period are shown in Fig. 2. Patients in the high baseline eGFR
group (1st tertile) exhibited a significant decrease in eGFR during the first 3 months, with
no change over the next 9 months. In contrast, patients in the moderate baseline eGFR (2nd
tertile and 3rd tertile) groups exhibited no significant change in eGFR during the observation
period. Both systolic and diastolic blood pressure decreased equally during the first 3
months in all three groups and remained at this level for the next 9 months, indicating that
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the decrease in eGFR observed in the high ] ]

baseline eGFR group was independent of 250 e Sy etent (R) = 0.454
the decrease in blood pressure. In contrast, .
the albuminuria that persisted after ARB
monotherapy or ARB + CCB combination
therapy decreased during the first 3 months
only in the high baseline eGFR group.

As demonstrated in Fig. 3, the
univariate analysis of the correlation
between the baseline eGFR values and the
eGFR decrease at the 3rd month showed an
inverse correlation between these variables
(correlation coefficient = 0.484, p < 0.01), 05 1.0 15
indicating that patients with a high baseline eGFR decrease rate at the 3rd month

eGFR achieved a greater decrease in eGFR by
the 3rd month. Fig. 3. Correlation between the baseline eGFR and

the eGFR decrease ratio at the 3rd month. Individ-
ual baseline eGFR values and eGFR decrease ratios
at the 3rd month are plotted by a trend line (n = 93).

baseline eGFR (mL/min)

Discussion

This study of patients with ARB- or ARB/CCB-resistant hypertension showed that a
significant decrease in the eGFR was achieved by switching to losartan/thiazide combination
therapy. We observed that the decrease in the eGFR did not occur in all patients, although
it occurred independently of changes in systemic blood pressure in the patients with a high
baseline eGFR accompanied by a considerable decrease in the eGFR during the first 3 months.
This decrease in eGFR was also associated with a significant decrease in albuminuria, which
had persisted even after treatment with either ARB monotherapy or ARB/CCB combination
therapy.

The finding of a significant decrease in the eGFR during the first 3 months of losartan/
thiazide treatment was in agreement with the results obtained in a previous clinical study
[15]. It would be expected that the total body fluid volume would decrease after the addition
of thiazide because of the increased elimination of salt. Ito et al. reported that switching to
losartan/thiazide combination therapy ameliorated chronic heart failure associated with a
decrease in BNP and an increase in Cr levels [16]. These results are compatible with those of
the current study. A decrease in body fluid volume and the associated decrease in GFR may
be common outcomes after switching to ARB/thiazide treatment.

However, the present study revealed that the decline in ACR was not directly influenced
by the decline in body fluid volume and systemic blood pressure. Our stratified analysis of
median values of ACR decline during the initial 3 months (3.1 pg/mgCr) showed that the
baseline BNP values were not statitically different between the high and low ACR decline
groups (17.5[6.1,35.9] pg/mL versus 14.9 [8.5, 28.3] pg/mL) although baseline eGFR values
were significantly different between the two groups (84.8 £ 29.8 versus 73.9 + 16.4 mL/min,
data not shown in the Result}). This observation might indicate that the ACR decline was
not directly influenced by the decrease in body fluid volume. The decrease in eGFR values
did not occur in all patients in the present study. Our stratified analysis of baseline eGFR
values showed a significant decrease only in the patients with the highest baseline values,
and the univariate analysis demonstrated an inverse correlation between baseline eGFR
values and the eGFR decrease rate at the 3rd month. These results indicate that the switch
to losartan/thiazide combination therapy did not cause an equal decrease in eGFR in all
patients with ARB-resistant hypertension; this decrease was observed only in the patients
with high baseline values or a considerable initial decrease in the eGFR. These patients
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would be considered to have glomerular hyperfiltration (GHF), a hemodynamic state that
results in podocyte damage [17] and is considered to act as a trigger for a further sequential
cascade that leads to glomerular sclerosis [18]. The pathological significance of GHF is that a
decrease in high baseline eGFR values does not necessarily indicate the development of renal
impairment; rather, it indicates correction of the hyperfiltration state in the glomerulus. The
blood pressure-independent decrease in albuminuria, which had persisted even after ARB
treatment, in association with the significant decrease in eGFR provides evidence that the
decrease in eGFR in patients with high baseline eGFR values appears to be a renoprotective
effect.

It has been reported that losartan/thiazide combination therapy may further decrease
albuminuria that persists after ARB treatment [19]. In addition, concomitant use of
telmisartan and thiazide has been shown to result in a significantly greater decrease in
albuminuria compared with telmisartan alone [20]. It is generally accepted that the additive
effects of combination therapy with an ARB and thiazide on a further decrease in proteinuria
are independent of the decrease in blood pressure. Matsui et al. reported that the concomitant
use of olmesartan and thiazide resulted in a more obvious antiproteinuric effect compared
to the combination of olmesartan and the CCB azelnidipine, whereas the decline in systemic
blood pressure was more evident with the latter combination [21]. The findings of the
present study are in agreement with these earlier findings in that the significant decrease in
albuminuria was not related to the decrease in blood pressure; rather, it was related to the
decrease in the eGFR.

A large-scale clinical study targeting patients without diabetes showed that thiazide
treatmentalone did nothave an antiproteinuric effect [22], indicating that the antiproteinuric
effect of ARB/thiazide combination therapy was not caused by thiazide alone but was a
consequence of the concomitant use of the ARB. Imanishi et al. reported that the severity
of albuminuria did not correlate with systemic blood pressure but showed a significant
correlation with glomerular pressure, indicating that an elevated GFR may be involved, at
least in part, in the development of albuminuria [23]. It is therefore reasonable to suspect
that losartan/thiazide combination therapy provides glomerular protection in patients
with an elevated GFR, ultimately leading to further glomerular sclerosis. Zhou et al. [24]
demonstrated the superior effects of losartan/thiazide combination therapy on whole
kidney and glomerular hemodynamics in spontaneous hypertensive rats (SHRs) treated
with NG-nitro-L-arginine methyl ester (L-NAME). These rats are used as an experimental
model for hypertensive glomerulopathy. The Zhou study revealed a significant and additive
decrease in renal vascular resistance (RVR) and glomerular capillary pressure (P_) following
a concomitant administration of losartan and a thiazide [24]. These results strongly suggest
that the combination therapy affected whole kidney and glomerular hemodynamics to
an extent that was sufficient to normalize the pressure load in the glomerulus, leading
to improved GHF and a decrease in glomerular injury [24]. The clinical advantage of this
combination therapy providing glomerular protection by decreasing the GFR has not been
demonstrated clearly, although a series of large-scale clinical trials showed that the blood
pressure-lowering effect of combination therapy was potentially greater than that of ARB
monotherapy [25-28].

Conclusion

The present study of patients with ARB-resistant hypertension and elevated GFR showed
that combination ARB/thiazide therapy may normalize glomerular hemodynamics, resulting
in a protective effect in the glomerulus. The results of the study may contribute to decision-
making in terms of therapeutic strategies for patients with ARB-resistant hypertension.
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 Regional Differences in Chronic Kidney Disease Prevalence in Japan:
A Japanese Nationwide Health-Check Study Yoshinari Yasuda,' Kiyoshi
Shibata,! Kunitoshi Iseki,? Toshiki Moriyama,? Kunihiro Yamagata,? Kazuhiko
Tsuruya,? Hideaki Yoshida,?> Shouichi Fujimoto,>? Koichi Asahi,> Tsuyoshi
Watanabe,? Seiichi Matsuo.! ‘Nephrology/CKD Initiatives, Nagoya Uniy,
Nagoya, Japan; *Research on the Positioning of CKD in Specific Health,

MHWL, Japan. | |

Background: Regional variations in the increasing rate of End Stage Kidney Diseases
(ESKD) was reported in Japan, however, factors associating these regional differences
have not been fully elucidated. In this study, prevalence of Chronic Kidney Disease (CKD)
and its risk factors were analyzed in a Japanese nationwide database with a focus on the
regional differences.

Methods: Study subjects were 386,517 (163,454 male) participants in a Japanese
nationwide health-check including 13 prefectures. Prevalence of CKD and risk factors,
including hypertension (HTN), diabetes mellitus (DM), dyslipidemia (DL) and obesity (OB),
were analyzed in 4 regions divided by the increasing rate of ESKD as follows; the highest
(H), 2 middle (M1 and M2) and the lowest (L) areas. CKD was defined as an estimated
glomerular filtration rate less than 60 mL/min/1.73 m? and/or proteinuria greater than 1+
by a dipstick method. Odds ratios for CKD were analyzed in 4 areas. Regional differences
in optimal treatment rate in HTN, DM and DL were assessed according to each guideline.

Results: CKD prevalence in H, M1, M2 and L areas were 21.4%, 25.5%, 20.9% and
18.5% in male and 18.6%, 15.7%, 16.4% and 11.4% in female, in good agreement with the
increasing rate of ESKD. Odds ratios for CKD were significantly high in HTN, DM and OB
in all 4 regions. Prevalence of HTN was significantly high in L area, however, the rate of
under treatment in HTN and good blood pressure control rate were significantly highin L
area. In H area, the rate of no treatment was the highest among 4 areas in HTN, DM and DL.

Conclusions: Association between regional variations in CKD prevalence and those
in the increasing rate of ESKD was demonstrated. Although HTN, DM and OB were risk
factors for CKD in all 4 areas, the rate of under treatment and good control rate in HTN
and DM may affect regional differences.

Funding: Government Support - Non-U.S.
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UNIQUE ENVIRONMENTAL RISK FACTORS OF CKD: LIFE-STYLE RELATED
DISORDERS AS RISK FACTORS FOR CHRONIC KIDNEY DISEASE IN A
COMMUNITY-BASED POPULATION IN JAPAN

Yohei Maeshima' ' and Hirofumi Makino

'Dept. of CKD and CVD, 2Dept. of Medicine and Clinical Science, Okayama University
Graduate School of Medicine, Dentistry and Pharmaceutical Sciences, Okayama, Japan.

CKD is associated with increased risk for end-stage renal disease and cardiovascular
morbidity and mortality. CKD affects 10-15% of the adult population worldwide. In Japan, the
prevalence of CKD significantly increased, especially in male, from the 1970s to the 2000s.
During this period, prevalence of obesity has increased, potentially due to societal alterations
in lifestyle such as motorized transportation with less walking and high-calorie intake. The
prevalence of Chronic Diseases, i.e. hypertension, diabetes mellitus, dyslipidemia and obesity
has also increased. Accumulation of these risk factors is associated with the progression of
CKD and eventually with cardiovascular morbidity and mortality.

A nationwide screening program of the Specific Health Check-up and Guidance System was
initiated in 2008 in Japan. To date, investigation of data from this screening program has led
to the identification of several risk factors for CKD such as prehypertension, weight gain after
maturity. Recently, we determined the prevalence and the risk factors for CKD in general
population of Okayama, Japan. A community-based cohort with 28,132 adults (40-74 yo) who
received the Specific Health Checkups and Guidance System in 2011 living in Okayama city
was investigated. CKD was determined by eGFR calculated by modified MDRD equation for
Japanese, and proteinuria assessed by urine dipstick.

Mean age of participants was 66 yo, 23% had overweight (BMI > 25), 11% were current
cigarette smokers, 23.4% exhibited dyslipidemia. The prevalence of CKD was 20.8%. We
identified elderly, hyperuricemia, obesity, and past history of cardiovascular events as
adjusted risk factors for CKD morbidity. In subjects with hypertension and prehypertension
and a normal blood pressure (over 140/90 mmHg), the risk for CKD was significantly greater
(OR 1.14) than those with optimal blood pressure (less than 120/80 mmHg). Subjects with
hyperuricemia (7.0 mg/dL and greater) exhibited increased risk for CKD (OR 2.13) than those
with normal level (less than 5.5). Gender differences, past history of stroke, and HbA1c levels
were not identified as significant risk factors. Subjects with risk factors such as moderate renal
dysfunction, proteinuria, hypertension, dyslipidemia, impaired glucose tolerance were
introduced to clinics or follow-up instruction course. Among those subjects receiving
intervention, renal functional deterioration and/or proteinuria were improved in 60% of
subjects in the next year. These results suggest that subjects with elderly age, obesity, mildly
elevated serum uric acid, hypertension and previous history of cardiovascular events possess
increased risk for CKD, and appropriate instruction and follow-ups may improve the outcome.
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[SP036] SIGNIFICANCE OF ESTIMATED SALT EXCRETION AS A PREDICTOR FOR ARB/THIAZIDE
COMBINATION AND CORRELATION OF GLOMERULAR FILTRATION WITH ANTI-PROTEINURIC EFFECT

Hajime Hasegawa,l Koichi Kanozawa,1 Juko Asakura,1 Kaori Takayanagi,1'2 Yosuke Tayama,1 Shinpei
Okazaki,1 Hiroaki Hara,1 Tota Kiba,1 Tomoyuki Mitani,1 Mizuki Iwanaga,1 Tomonari Ogawa,l Akihiko
Matsuda,1 Tetsuya Mitarai.®. 1Nephrol & Hypertens, Saitama Med Center, Saitama Med Univ, Kawagoe,
Japan; zKawagoe Ekimae Clinic, Kawagoe, Japan.

INTRODUCTION AND AIMS:

The purpose of this study was to assess the factors affecting the efficacy of combination therapy of
losartan/thiazide by focusing to the significance of salt excretion through the multi-centric observational study, and
also to study the underlying mechanism of renoprotective effects of the therapy.

METHODS:

Adult patients with essential hypertension showing therapy resistance to angiotensin receptor blockers
(ARBs)-monotherapy or combination with Ca channel blockers (CCB) were enrolled and switched their
pre-administered ARBs to Losartan (50 mg/day) concomitant with hydrochlorothiazide (12.5 mg/day). Blood
pressure (BP) and biochemical parameters were monitored for a year.

RESULTS:

Baseline BP was significantly lowered at the 3rd month (153.4+14.8/86.4+11.3 vs 137.3+£17.4/78.2+11.1 mmHg,
n=93), then maintained at this lower level until the 12th month. Baseline value of estimated salt excretion (eSE)
was significantly different between the high and low treatment response groups (10.8+2.9 in high responders vs
9.2+2.3 g/day in low responders). Univariate and multivariate analysis indicated significant correlation between
eSE and mean BP-decline (R=-0.288, p=0.007), and the significance of eSE as a predictor for mean BP-decline
(p=0.021). In addition, estimated glomerular filtration rate (eGFR) was declined during initial 3 but not next
9-months, and urine albumine-to-Cr ratio (ACR) was reduced in both initial 3 and next 9-months. High responders
of ACR-decline showed significantly high baseline eGFR (84.8+29.8 vs 73.9+16.4 ml/min). First tertile group of
baseline eGFR showed significantly high reduction of ACR and eGFR during initial 3-months (median ACR: 12.8 to
9.0 pg/mgCr, eGFR: 102.2+25.7 to 84.8+15.8 mi/min), but 3rd tertile group did not. Stratified analysis by tertile
value of eGFR-reduction ratio also showed significant reduction of ACR and eGFR in only high eGFR-reduction group
(1st tertile). There was no significant difference between high and low baseline eGFR groups, or high and low
eGFR-reduction groups in other parameters including blood pressure and brain natriuretic peptide.
CONCLUSIONS:

Results might suggest that eSE would be a possible predictors for the efficacy of combination therapy of
losartan/thiazide in ARB-resistant patients, and that restoration of glomerular hyperfilfration would evoke the
anti-proteinuric effect of the therapy on the remaining proteinuria in ARB-resistant patients.

Session: Poster Session: Hypertension - human studies
Date/Time: Sunday, May 19, 2013 - 10:15 AM
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