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Table 1 Laboratory data on admission

TSH (0.5-5.0 pIU/mL) 1.72
FT3 (2.3-4.3 pg/mL) 2.58
FT4 (0.9-1.7 pg/mL) 0.98
ACTH (7.2-63.3 pg/mL) 426
Cortisol (4.0-18.3 pg/dL) 19.7
Glucagon (50-150 pg/mL) 120
LH (1.1-14.2 mIU/mL) 0.20
FSH (1.5-8.5 mIU/mL) <0.05
PRL (4.9-29.3 ng/mL) 157.2

ADH (0.3-3.5 pg/mL) 0.7

GH (0.66-3.68 ng/mL) 0.46
IGF-1 (73-311 ng/mL) 180
IGF-2 () )
Urine-cortisol (11.2-80.3 ng/day) 117

Urine-17-OHCS (2.6-7.8 mg/day) 3.1
Urine-17-KS (1.0-10.9 mg/day) 7.7

FPG (70-109 mg/dL) 50
F-IRI (3.1-16.9 pU/mL) 0.5
Proinsulin (5-10 pmol/mL) 6.7
Serum-CPR (0.6-2.1 ng/mL) 0.11
Urine-CPR (29.2-167 ug/day) 51.5

Insulin antibody (<0.4%) )

Insulin receptor antibody (<24.2%) 39.6%
PA 1gG (9-25 ng/10 platelets) 149.6
GAD antibody (<1.5 U/mL) )
ICA antibody (<1.25 JDF U) “)
Pituitary antibody (-) )
Anti-thyroglobulin antibody (-) +)
Ant-microsome antibody (-) )
Anti-DNA antibody (-) )
Anti-nuclear antibody (-) )
CEA (<5.0 ng/mL) 0.6
CA19-9 (<37.0 U/mL) 6.5
CA125 (<35.0 U/mL) 25.6

(Normal range)

Abbreviations: S, serum; U, urine; TSH, thyroid stimulating hormone; FT3, free triiodothyronine;
FT4, free thyroxine; ACTH, adrenocorticotropic hormone; LH, luteinizing hormone; FSH, follicle-
stimulating hormone; PRL, prolactin; ADH, antidiuretic hormone; GH, growth hormeone; IGF,
insulin-like growth factor; OHCS, hydroxycorticosteroid; KS, ketosteroid; FPG, fasting plasma
glucose; IRI, immunoreactive insulin; CPR, connecting peptide immunoreactivity; PA IgG, plate-
let-associated 1gG; GAD, glutamic acid decarboxylase; ICA, islet cell antibody; CEA, carcinoma

embryonic antigen

at 15 years of age. She was brought into the advanced
emergency center of Iwate Medical University Hospital
due to a sudden loss of consciousness at 9 weeks of the
first pregnancy in December 2001. Her blood glucose
level was as low as 26 mg/dl and she was immediately
treated for hypoglycemia, and then hospitalized in
Morioka City Hospital on the same day for close exami-
nation. An intrauterine fetal death was found during the
examination. The hypoglycemia did not occur there-
after. The glucose tolerance test and various hormone
measurements conducted thereafter showed that all
results were within the normal ranges. Also, no abnor-
mal findings suggesting insulinoma were observed in
the imaging tests, including abdominal ultrasonogra-
phy, computed tomography (CT) and angiography.
Two years later, her hypoglycemia had recurred
at 8 weeks into the second pregnancy in September
2003, and she was re-hospitalized in the Morioka City
Hospital for treatment of hypoglycemia. In order to
prevent night-time hypoglycemia, glucose solution was
intravenously infused every day. However, due to the

persistence of the low blood glucose level, at 15 weeks
of pregnancy (October 2003) the patient was trans-
ferred to the Department of Obstetrics and Gynecology
of the Iwate Medical University Hospital for whole-
body care and close examination, and was referred to
the Department of Diabetes and Metabolism on the
same day.

On admission, physical examination revealed that
she had a low grade fever (37.2°C), but no particular
abnormalities relating to acanthosis nigricans, hirsut-
ism, and Sjogren syndrome. Laboratory data showed
that there were no abnormalities in peripheral blood
and biochemical examinations except a mild anemia
(RBC: 367 x 10*/ul; Hb: 11.3 g/dl), thrombocytopenia
(11.3 x 10*/pl) and an increase in serum y-globulin frac-
tion (27%). Fasting plasma glucose (FPG) level was
50 mg/dl, and fasting serum insulin (IRI) and serum
C-peptide levels were lower than normal, whereas the
pro-insulin level was within the normal range (Table 1).
The growth hormone (GH) level was lower than nor-
mal, whereas the insulin-like growth factor-1 (IGF-1)

-239-



Recurrent hypoglycemia in pregnancies 3

—-@— PG —&— ]RI

—— Cortisol —-n— ACTH

120 ¢

100 ¢

-
L. -

CPR —O—
IRG —o—

IGF-1 - =~
GH —e -

1250

-

1200

1150

1100

150

A
7 11 15 17

19 23 3 7

Time (hour)

Fig.1 Circadian variations of plasma hormone levels in the patient.
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level was within the normal range and IGF-2 was not
detected (measured by Prof. Naomi Hizuka, Tokyo
Women’s Hospital). The thyroid hormone levels (free
T3 {FT3] and free T,4 [FT4]) were normal. The luteiniz-
ing hormone (LH) and follicle-stimulating hormone
(FSH) levels were lower and the prolactin level was
higher than normal. As for autoantibodies, insulin anti-
body was negative, whereas anti-insulin receptor anti-
body was positive; the inhibition rate of insulin binding
was 39.6% (measured by BML, Inc., Tokyo, Japan).
Anti-thyroglobulin antibody and anti-microsome anti-
body were positive, whereas anti-DNA and anti-nu-
clear antibodies were negative. No abnormality was
observed in the abdominal ultrasonography and mag-
netic resonance imaging of the brain. CT was not per-
formed because of the pregnancy.

After admission, since hypoglycemia (50-60 mg/dl
at 4:00 a.m.) persisted even with supplementary meals
at 3 p.m. and 9 p.m. and a 5% glucose drip-infusion
from midnight to 6 a.m., 5% glucose was changed to
10% glucose. But the mean glucose level at 4 a.m.

remained as low as 50-60 mg/dl. At one time, she lost
consciousness because of hypoglycemia when she was
out of the hospital in the daytime without the glucose
infusion, and was brought back to the hospital by an
ambulance.

In January 2004, since the platelet count fell to as
low as 7.0 x 10%/ul and anti-platelet antibody (PA IgG;
149.6 fg/platelet) was positive, a bone marrow punc-
ture was performed at the Hematology Department
of our hospital and she was diagnosed as having idio-
pathic thrombocytopenic purpura (ITP).

Since the blood and urinary cortisol levels were
lower than those during usual pregnancy, although
the serum aldosterone level was as high as that dur-
ing usual pregnancy, secondary adrenocortical insuf-
ficiency was suspected. Although the baseline levels
of serum ACTH and cortisol were within the normal
range, the circadian rhythm of these hormones showed
low levels as a whole (Fig. 1). Therefore, we consid-
ered hypocortisolemia as a part of the possible causes
of her hypoglycemia, and administered orally a small
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Hydrocortisone sodium succinate: 300 mg/day

Human normal immunoglobulin: 27.5 g/day

Hydrocortisone: 15 mg/day

Delivery
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Fig. 2 Time course of FPG and platelet counts according to pregnancy week of the patient.

Abbreviations: FPG, fasting plasma glucose; Plt, platelet

dose of hydrocortisone (15 mg/day) to the patient from
March 2004 (at 33 weeks of pregnancy) (Fig. 2).

Because the platelet count further decreased to as
low as 6.0 x 10*/ul, we decided to carry out a planned
delivery by Caesarian section. To increase the platelet
count, human immunoglobulin was administered to the
patient at a dose of 27.5 g/day for three days from April
3,2004 (39 weeks of pregnancy), and the platelet count
increased to 15.2 x 104/u]. Also, on April 6, 2004, to
avoid any adrenal crisis which could be induced by
stress at delivery, hydrocortisone sodium succinate was
administered to the patient at a dose of 300 mg/day,
and on the same day a healthy baby was delivered by
Caesarian section (Fig. 2).

After the delivery, her blood glucose level rose grad-
ually to the point at which the patient did not develop
hypoglycemia even with regular meals and without
glucose infusion. Since a starvation test conducted one
month after the delivery showed that the patient did not

develop hypoglycemia during 7 hours of fasting, she
was discharged from the hospital.

An examination conducted in July 2004 (3 months
after the delivery) showed that anti-platelet antibody
was negative (<25 ng/107 platelets) and the platelet
count had returned to normal. Furthermore, an exami-
nation in October 2004 (6 months after the delivery)
showed that anti-insulin receptor antibody was also neg-
ative (19.8%). Thereafter, we did not follow her labora-
tory data because of her moving to a city far from our
hospital. However, according to the recent telephone
information from her on June, 2011, the patient had not
become pregnant and not developed hypoglycemia and
her boy grew satisfactorily since the delivery on 2004.

Materials and Methods

Measurement of anti-insulin receptor antibody
Anti-insulin receptor antibody in serum was mea-
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Fig. 3 Percent decrease of plasma glucose levels after injection with serum from the patient or a healthy subject.

sured in the BML, Inc. (Tokyo, Japan) by a radiorecep-
tor assay as previously reported [2]. Binding activity
of insulin receptor antibody with insulin receptor from
human B lymphoblastic IM-9 cells [3] was expressed
as % inhibition by insulin receptor antibody of 2’I-in-
sulin binding with human insulin receptor. Cutoff value
of this assay was 24.2% (mean -+ 3SD).

Treatment of mice with human serum

Sera were taken from the patient during the preg-
nancy and a person with normal glucose tolerance
(control), and one ml of each serum was intraperito-
neally administered to 5 mice in each group, and the
blood glucose level of the mice was measured by a glu-
cometer. The mice were fasted after the administration
of the serum (water was fed freely), and the changes
in their blood glucose level were shown as % decrease
in comparison with the level before the serum admin-
istration. The protocol of the animal experiment was
approved by the Animal Care and Use Committee of
the Iwate Medical University.

Phosphorylation of IR of CHO-IR cells

The patient’s serum and the healthy subject’s (con-
trol) serum were dialyzed in with Ham’ sF12 buf-
fer. After incubation of CHO-IR cells for 5 hours in
a serum-free culture medium (serum starvation), the
medium was replaced with the sera from the patient or
control subjects after dialysis and incubated for 5-30
minutes. After incubation, the cells were solubilized,
subjected to immunoprecipitation using anti-IR 8 chain

antibody, subjected to electrophoresis in 7.5% acryl-
amide gel and blotted using an anti-phosphotyrosine
antibody (4G10) as reported previously [4].

Results

The patient’s serum lowered mouse blood glucose levels

To determine whether the serum of the patient had
any hypoglycemic effect. One ml of each serum was
intraperitoneally administered to 5 mice in each group.
As shown in Fig. 3, the % decrease in the blood glucose
level of the mice administered with the patient’s serum
was significantly greater than that of the control. This
result suggested the presence of a factor lowering the
blood glucose level in the serum of the patient.

The effect of the patient’s serum on phosphorylation
of insulin receptors of CHO-IR cells.

To determine whether the patient’s serum, which was
positive for the IR antibody and had the hypoglycemic
effect in mice (Fig. 3), phosphorylates IR, CHO-IR
cells were incubated with the serum. As shown in Fig.
4, the patient’s serum (lane 3 and 5) showed a posi-
tive blot band in the 90-kDa region just like insulin as
the positive control (lane 1), and the serum with longer
incubation (30 min. with lane 5 vs. 5 min. with lane
3) showed a more distinct positive band. On the other
hand, for negative control (lane 4 for 5 min. and lane
6 for 30 min.), the blot band was negative. This sug-
gested that the patient’s serum stimulated the IR and
induced the tyrosine phosphorylation of IR 8 chain.
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Discussion

Hypoglycemia is induced by a variety of endoge-
nous and exogenous causes [5]. Endogenous causes
are classified as insulin-mediated (insulinoma, nesido-
blastosis, non-insulinoma pancreatogenous hypoglyce-
mia syndrome [NIPHS], insulin antibody and reactive
hypoglycemia) and insulin-independent causes (criti-
cal organ failure, sepsis, hormone deficiency such as
cortisol, growth hormone and hypopituitarism, insu-
lin receptor antibodies, and non-islet cell tumor).
Exogenous causes include therapeutic drugs such as
oral hypoglycemic agents and others, factitious cause,
and alcohol or toxins.

In this case, exogenous causes could be neglected,
because she was not administered any medicines.
Among endogenous causes, insulin-mediated causes
such as insulinoma, nesidoblastosis and NIPHS are
unlikely, because serum insulin and c-peptide levels
were not high at the time of hypoglycemia and anti-
insulin antibody was negative. As insulin-independent
causes, she had no critical organ failure, sepsis and hor-
mone deficiencies. Although serum cortisol levels were
relatively low as a pregnant woman, serum ACTH lev-
els were within normal limits and she had no signs
and symptoms of Addison’s disease, nor autoimmune
polyglandular syndrome type 1 and type 2. A relation-
ship between hypocortisolemia and autoantibodies
such as anti-insulin receptor antibody and anti-platelet
antibody is unknown. The relative hypocorticosolemia
may not be a major cause of hypoglycemia, rather it
might be a factor exacerbating hypoglycemia.

It is most likely in this case that anti-IR antibody may
have induced hypoglycemia, because of several lines of
evidence. First, the patient’s serum positive for anti-IR
antibody lowered plasma glucose levels of mice as com-
pared with control serum from a healthy subject (Fig.
3). Second, the patient’s serum phosphorylated tyrosin-
eof IR of CHO-IR cells as did insulin (Fig. 4). Finally,
the improvement of hypoglycemia was associated with
decreased titer of anti-IR antibody. Eventually she can
be diagnosed as having type B insulin resistance syn-
drome associated with hypoglycemia [6].

There remain some questions, e.g., why hypoglyce-
mia was induced and why multiple autoantibodies such
as anti-IR antibody and PA IgG were produced only
during the period of pregnancy, although anti-IR anti-
body and PA-IgG was not measured at time of the first
pregnancy, when she had no thrombocytopenia. There

(Da) 1 2 3 4 5 6 (kDa)
204—
122— —107
102—
~ 90
50— — 50
—35

Fig. 4 Tyrosine phosphorylation of the insulin receptor of CHO
cells by the treatment with the patient’s serum.
M: Markers Lane 1: Insulin (positive control) Lane 2:
Blank Lane 3 and 5: Patients serum incubated 5 min.
(lane 3) and 30 min. (lane 5). Lane 4 and 6: Control
serum incubated 5 min. (lane 4) and 30 min. (lane 6).

has been implications that the immune system becomes
aberrant and some autoimmune diseases such as sys-
temic lupus erythematosus (SLE) are exacerbated dur-
ing pregnancy [7]. SLE is associated with various mul-
tiple autoantibodies and there are some reports on
cases with SLE associated anti-insulin receptor anti-
body [8-10]. Our case did not show symptoms of SLE
and did not fulfill the criteria of SLE by the American
Rheumatoid Association [9].

It has been reported that approximately 7-8% of
pregnant woman have thrombocytopenia, the cause
of which includes gestational thrombocytopenia and
ITP [12]. Pregnancy does not increase the risk of ITP,
but it exacerbates preexisting ITP [12]. Therefore, this
case is not rare in terms of pregnancy associated with
ITP. However, there has not been reported a pregnant
woman associated with both anti-IR antibody and anti-
platelet antibody. Recently, a very rare case of type B
insulin resistance syndrome and ITP has been reported
[13]. In this case, helicobacter pylori (HP) infection
was indicated as a cause of ITP, and eradication ther-
apy of HP resulted in an increase of platelet number and
decrease of anti-IR antibody. In our case, low titer of
anti-HP antibody (14 U/mL) (normal < 10 U/ml, SRL
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Co. Ltd, Tokyo, Japan) was detected in the serum dur-
ing the pregnancy, which was measured years later in
the stored serum. However, a role of anti-HP antibody
in the pathogenesis of this case was unclear, because
platelet number and anti-IR antibody improved without
eradication therapy of HP.

After the successful delivery, hypoglycemia was
improved and the anti-IR antibody anti-platelet anti-
body became negative. The completion of the pregnancy
may have resulted in decrease of these autoantibodies.
However, a possibility is not denied that administration
of a low dose (15 mg/day for 6 weeks) and a high dose
(300 mg once) of hydrocortisone, which was given to
compensate relative hypocortisolemia and to prevent
adrenal crisis during the Caesarian section, respec-
tively, might have reduced autoanitbodies including
anti-IR antibody and anti-platelet antibody.

In summary, we report here an interesting rare case
of a pregnant woman who suffered from severe hypo-
glycemia only during two occasions of her pregnancies.
She had anti-IR antibody and anti-platelet antibody.

Administration of the serum lowered blood glucose lev-
els in mice, and the serum phosphorylated tyrosine of
insulin receptor of CHO-IR cells. These autoantibod-
ies and both the hypoglycemia and thrombocytopenia
disappeared after the delivery. From these findings, we
concluded that anti-insulin receptor antibody and anti-
platelet antibody during pregnancies might have lead to
hypoglycemia and thrombocytopenia, respectively.
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Reduction of circulating superoxide dismutase activity
in type 2 diabetic patients with microalbuminuria
and its modulation by telmisartan therapy

Hiroki Fujita®, Takuya Sakamoto?, Koga Komatsu?, Hiromi Fujishima!, Tsukasa Morii!, Takuma Narital,

Takamune Takahashi® and Yuichiro Yamadal

Growing evidence indicates that oxidative stress induced by excessive superoxide has a central role in the pathogenesis of
diabetic nephropathy (DN). Telmisartan, one of the currently available angiotensin Il type 1 receptor blockers (ARBs), has

been shown to exert a more powerful proteinuria (albuminuria) reduction in patients with DN, but whether the prominent
renoprotective effect of telmisartan is mediated through enhancing antioxidant defense capacity and reducing oxidative stress
has not been fully elucidated. The present study first revealed that the serum activity of superoxide dismutase (SOD) responsible
for superoxide removal is reduced in the DN stage of microalbuminuria, but not in normoalbuminuria in type 2 diabetic patients.
We next examined the alteration of SOD and oxidative stress following an 8-week treatment with telmisartan (40 mg per day)

in 12 type 2 diabetic patients with microalbuminuria. Interestingly, the telmisartan treatment not only reduced the circulating
levels of two oxidative stress markers, 8-hydroxy-2’-deoxyguanosine (8-OHdG) and nitrotyrosine (NT), but also enhanced serum
SOD activity. Notably, a significant correlation was observed between the increase in serum SOD activity and the reduction in
albuminuria. We further compared the anti-oxidative effect of telmisartan with that of losartan, another member of the ARB
class, by implementing an 8-week interval crossover treatment with these ARBs in another 12 microalbuminuric type 2 diabetic
patients. The patients showed higher serum SOD activity, and lower circulating levels of 8-OHdG and NT, during treatment with
telmisartan than with losartan. These results suggest that telmisartan has a more potent antioxidative effect through its ability
to enhance SOD activity in type 2 diabetic patients with microalbuminuria.

Hypertension Research (2011} 34, 1302-1308; doi:10.1038/hr.2011.127; published online 4 August 2011

Keywords: angiotensin 1l type 1 receptor blocker; diabetic nephropathy; oxidative stress; superoxide dismutase; telmisartan

INTRODUCTION

Oxidative stress induced by superoxide anion (O,*~) overproduction
is considered a major cause of diabetic vascular injury, including
diabetic nephropathy (DN}. An excess of the superoxide anion causes
vascular cell injury through the formation of cytotoxic secondary
reactive oxygen species, such as peroxynitrite (ONOO™) and hydroxyl
radicals (*OH).! The superoxide is produced by multiple pathogenic
pathways, including increased nicotinamide adenine dinuceotide
phosphate (NAD(P)H) oxidase activity, uncoupled endothelial nitric
oxide (NO) synthase and enhanced angiotensin II signaling?
In contrast to the superoxide-producing enzymes such as NAD(P)H
oxidase and endothelial NO synthase, superoxide dismutase (SOD)
serves as an antioxidant enzyme responsible for superoxide removal.
The SOD converts superoxide anion into hydrogen peroxide (H,0;)
and molecular oxygen®* The hydrogen peroxide is further detoxi-
fied into water (H,0) by catalase in peroxisomes or glutathione
peroxidase in mitochondria.!® Growing evidence indicates that

chronic hyperglycemia causes superoxide overproduction by activating
NAD(P)H oxidase®® and uncoupling endothelial NO synthase.®
Therefore, the SOD antioxidant defense system has a key role
in protecting vascular cells from increased oxidative stress in the
diabetic state.

Telmisartan is a unique angiotensin II type 1 (AT1) receptor blocker
{(ARB) that functions as a partial agonist of the peroxisome prolif-
erator-activated receptor-y.1%12 A recent clinical study showed that
telmisartan is superior to another ARB, losartan, in reducing protei-
nuria effect in patients with DN, despite a comparable blood pressure
reduction.’® Given this compelling evidence, it was expected that
telmisartan, among various ARBs, may exert a more powerful
protective effect against oxidative stress in the diabetic state. In the
present study, we first determined the stage of DN that alters the SOD
antioxidant defense capacity and enhances oxidative stress, Our data
demonstrate that reduced SOD antioxidant defense capacity and
markedly increased oxidative stress are observed in the DN stage of
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Figure 1 Oxidative stress markers in non-diabetic healthy subjects {conirol, 7=18) and type 2 diabetic patients with normoalbuminuria (normo, n=19)
and microalbuminura (micro, n=16). {a) serum SOD activity; (b} serum 8-OHdG; (c) urinary 8-OHdG; (d) serum NT; {e) serum NOx. Data are presented as
the means +s.d. *P<0.001 vs. control; #P<0.05 vs. normo; ##P<0.001 vs. normo. NT, nitrotyrosine.

Not surprisingly, the telmisartan treatment lowered systolic and
diastolic blood pressure and reduced albuminuria. Figure 2 shows
the changes in the oxidative stress markers after 8 weeks of telmisartan
treatment in the diabetic patients with microalbuminuria, Notably,
an increase in serum SOD activity was observed after 8 weeks of
telmisartan treatment (Figure 2a). Interestingly, there was a significant
correlation between the increase in serum SOD activity and the
reduction in albuminuria (Figure 2b). In agreement with the improve-
ment in antioxidant defense capacity, serum and urinary 8-OHdG
levels and serum NT levels were significantly reduced after 8 weeks
of telmisartan treatment (Pigures 2c-e). The serum NOx levels
were significantly increased after 8 weeks of telmisartan treatment
(Figure 2f). Thus, we found that the telmisartan treatment can
improve systemically increased oxidative stress and reduce SOD
antioxidant defense capacity in microalbuminuric type 2 diabetic
patients.

Changes in oxidative stress markers by crossover treatment

with telmisartan and losartan in type 2 diabetic patients

with microalbuminuria

To compare the antioxidative effects of telmisartan with those of other
ARBs, we performed a crossover treatment with telmisartan and
losartan in type 2 diabetic patients with microalbuminuria, and
investigated changes in oxidative stress markers. Table 3 shows clinical
and biochemical parameters at the end of each 8-week treatment

Hypertension Research

Table 2 Changes in clinical parameters after 8 weeks of telmisartan
treatment in type 2 diabetic patients with microalbuminuria

Baseline Telmisartan 8W
n 12
Age (years) 6417
Gender (maleffemale) 6/6
Body mass index (kgm~2) 24.8+26 248126
Systolic blood pressure (mm Hg) 138+5 127+£10*
Diastolic blood pressure (mm Hg) 7317 69+77
Fasting plasma glucose {mgdl~1) 116+12 115%13
HbAlc (%) 7.2+0.7 7.2x07
LDU-cholesterol (mgdl—1) 97.1+24.2 92.7+£26.3
HDL-cholesterol (mgdi—1) 54.7+8.8 565179
Triglyceride (mgdi—1) 130.8+66.7 121.4461.5
Serum creatinine (mgdl—1) 0.71x0.16 0.70+0.14
Urinary albumin (mgg~1 creatinine) 110.5%£72.5 66.8+59.7*

Abbreviations: HbAlc, hemoglobin Alc; HDL, high-density lipoprotein; LDL, low-density
lipaprotein.
Data were presented as means £s.d. *P< 0,001, tP<0.01 vs. baseline.

period: telmisartan 40 mg per day (first period), losartan 50 mg per
day (second period) and telmisartan 40 mg per day (third period).
There were no significant differences in body mass index, blood
pressure, plasma glucose or serum lipid levels between the three
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Table 3 Changes in clinical parameters by crossover treatment stood. Recent experimental studies have shown that telmisartan
with telmisartan and losartan in type 2 diabetic patients with . attenuates oxidative stress by downregulating NAD(P)H oxidase, a
microalbuminuria major superoxide-producing enzyme??*® By contrast, the effect of
telmisartan on a superoxide-scavenging enzyme, SOD, has not been
First Second Third clarified. Therefore, we next tested whether telmisartan treatment
Ipefrmd vl”erl”fd te!pertod ameliorates the reduced SOD antioxidant defense capacity in the
fe m:;da" Ds;Wa" m';s:,rtan DN stage of microalbuminuria. Our data clearly demonstrate that
telmisartan treatment enhances serum SOD activity and systemically
a 12 reduces oxidative and nitrosative stress in patients with microalbumi-
Age (years) 6816 nuric DN. Importantly, the increase in serum SOD activity by
Gender (male/female) 577 telmisartan treatment showed a correlation with the reduction of
Body mass index (kgm=2) 239437 23.7+3.8  23.8%38 albuminuria in these patients with microalbuminuric DN, This
Systolic blood pressure (mm Hg) 126+12 132413 128413 finding indicates that the mechanism by which telmisartan provides
Diastolic blood pressure {mm Hg) 6948 75+8 717 renoprotective effects may involve improvement of the SOD antiox-
Fasting plasma glucose (mgdi~1) 11313 119%17 115417 idant defense capacity. Considering the present results along with
HbAlc (%) 6.5x08  6.6£09 6.620.9  recent compelling evidence, it is likely that telmisartan exerts anti-
LDL-cholesterol (mgdl‘l) 107.9+24.7 107.9+24.6 110.0+£24.5 oxjdaﬁve eﬂ'ects bY modulaﬁng both Superoxide..Produdng a_nd super_
HDL-cholesterol (mgdi~1) §9.8+147 5862146 58.2%135  (yide-scavenging enzymes.
Triglyceride (mgdi~1) . 8631384 7242252 79.7+227 Angiotensin II has been shown to promote superoxide generation
Serum creatlnfne (mgdll ) - 0.65+0.19 (].61i0.15'c 0.6220.15T through NAD(P)H oxidase activation, independently of its systemic
Urinary albumin {mgg~* creatinine) 68.4+385 86.0+53.1* 73.51+49.3 vasoconstriction ability.24'25 Therefore, blockade of the angiotensin IT
Abbrevizitions: HbAlc, hemoglobin Alc; HDL, high-density lipoprotein; LDL, low-density signa]jng Pathway via AT1 receptors is expected to reduce the super-
lipoprotein, .1 . Py e
Data were presented as meansts.d. *P<0,05 vs, first period; tP<0.05 vs. second period. oxide-induced oxidative stress. Although all ARBs may share the
antioxidative effects to some extent, there seems to be a difference
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Figure 3 Changes in oxidative stress markers by crossover treatment with teimisartan and losartan in type 2 diabetic patients with microalbuminuria.
(a) serum SOD activity; (b) serum 8-OHdG; (¢} urinary 8-OHdG; (d) serum NT; (e} serum NOx. Data are presented as the meanss.d. (n=12). *P<0.01,
#P<0.001, #P<0.05. T 8W, telmisartan treatment for 8 weeks; L 8W, losartan treatment for 8 weeks; NT, nitrotyrosine.
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Rice Intake Is Associated with Reduced Risk of
Mortality from Cardiovascular Disease in
Japanese Men but Not Women'—3
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Abstract

Rice is a staple food in Japan and provides 43% of carbohydrate and 29% of energy intake in the Japanese population. Ina
prospective study encompassing 83,752 Japanese men and women aged 40-79 v, rice intake was determined by self-
administered FFQ. Median follow-up time was 14.1y from 1988-1990 to the end of 2003, and HR and 95% Cl of mortality
were calculated according to quintiles of energy-adjusted rice intake. A total of 3514 cardiovascular deaths [1640 strokes,
707 coronary heart disease (CHD), and 560 heart failure] were documented. There was a gender difference on the effect of
rice intake on the risk of cardiovascular disease (CVD). Overall, rice intake was inversely associated with CHD, heart failure,
and total CVD in men but not in women. Rice intake was not associated with risk of stroke in either gender. The
multivariable HR (95% Cl) for the extreme quintiles of rice intake in men were 0.70 [{(0.49-0.99); P-trend = 0.02] for CHD,
0.70 [(0.46-1.05); P-trend = 0.05] for heart failure, and 0.82 [(0.70-0.97); P-trend = 0.006] for total CVD. For women, rice
was not associated with reduced risk of mortality from CVD after adjusting for lifestyle and dietary variables. In conclusion,
the consumption of steamed rice was associated with reduced risk of mortality from CVD in Japanese men but not

The Journal of Nutrition
Nutrition and Disease

women. This finding necessitates further investigations on the mechanisms leading to this gender difference. J. Nutr.

141: 595-602, 2011.

Introduction

Carbohydrate consumption is high in Japan and rice is its major
source (1). Rice provides fully 60% of energy of the food intake
in Southeastern Asia and 35% in Eastern Asia and Southern Asia
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(2). In Japan, rice provides 43 and 29% of carbohydrate and
energy intake, respectively (3). Japanese people call their 3 daily
meals morning rice (Asa Gohan), lunch rice (Hiru Gohan), and
evening rice (Ban Gohan). The Japanese word ‘Gohan’ means
cooked rice. Cooked rice is equal to meal, implying how
important rice is for the Japanese people (3).

A high intake of total carbohydrates was positively associ-
ated with risk of cardiovascular disease (CVD)'! (4-6), but the
association between carbohydrate intake from refined grain, as
white rice, with risk of CVD showed mixed results among
women: a nonsignificant positive association with risk of
coronary heart disease (CHD) (7), a nonsignificant inverse
association with risk of CHD (8), and no associations with
ischemic stroke (9) and total CVD (10). On the other hand,
among men, carbohydrate intake was not associated with either
incidence (6,11,12) or mortality (13) from CHD. Rice intake

"' Abbreviations used: CHD, coronary heart disease; CVD, cardiovascular
disease; DR, dietary record; JACC, Japan Collaborative Cohort Study.
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was not associated, in either gender, with mortality from stroke
among Japanese (14) or acute myocardial infarction among
Italians (12).

Among women, high-carbohydrate intake may have adverse
effects on lipid and glucose metabolism (15,16), which is
expected to increase CVD risk. On the other hand, carbohydrate
intake was not associated with blood concentrations of fasting
TG, HDL-cholesterol, insulin, or glucose levels among men (11).
In an Indian study, rice had the least potential of increasing
postprandial hyperglycemia and TG levels compared with other
carbohydrate sources such as white bread (17). These findings
taken together warrant gender-specific analyses to examine the
rice-disease associations.

Furthermore, it was reported that the adverse effects of a
high-carbohydrate diet on CVD risk are more evident for obese
than for lean participants (4,5). Because Japanese populations
have a lower mean BMI than Western populations do, the
examination of the rice-disease associations by BMI stratifica-
tion may be useful to determine whether rice intake would be
protective among a high-CVD risk group with higher BMIL.

In our population, rice intake was associated with lower age-
adjusted mortality from stroke and CHD in men but not women,
but other confounding variables were not taken into account
(18). We benefited from the large sample size and long follow-up
of participants in the Japan Collaborative Cohort (JACC) Study
to examine the relationship between rice intake, as a major
source of carbohydrate, and subsequent risk of mortality from
CVD in this cohort.

Participants and Methods

Study population. The JACC Study, a large prospective study
sponsored by the Ministry of Education, Sports and Science, was
conducted from 1988 to 1990. A total of 110,792 participants (n =
46,465 men and 64,327 women) aged 40-79 y from 45 communities
across Japan completed self-administered questionnaires about their
lifestyles and medical histories. The sampling methods and protocols of
the JACC Study were previously described in detail (19). Informed
consent was obtained from participants or community leaders. The
ethics committees of the Nagoya University School of Medicine and
Osaka University approved the protocol of this investigation.

We excluded from analysis 16,109 participants (4683 men and
11,426 women) who reported a medical history of cancer, stroke, or
CHD. We also excluded those whose responses to the FFQ were
insufficient, which means 1 or more of the following: failure to give an
answer to 5 or more items of the 40 food items of the FFQ, and/or no
answer for current rice intake, and/or no answer for current miso soup
intake, and/or no answer for current alcohol consumption. Participants
with implausible energy intake [<500 kcal/d (<2096 kJ/d) or >3500
kcal/d (>14,645 kJ/d)] were excluded (189 participants). A total of
83,752 individuals (35,064 men and 48,688 women) were eligible for
the study (Supplemental Fig. 1).

Mortality surveillance. Investigators reviewed death certificates, which
were forwarded to the public health center in the area of residency.
Mortality data were then centralized at the Ministry of Health and
Welfare, and the underlying causes of death were coded according to the
International Statistical Classification of Diseases and Related Health
Problems, 10th revised edition (ICD-10). Participants who died after
removal from their original communities were treated as censored cases;
of the total 83,752 participants, 3436 (4.1%) moved out. Cause-specific
mortality was categorized as stroke (I60 to 169), CHD (120 to 125), heart
failure (150 to 159), and total CVD (101 to 199).

Diet and baseline survey. Each participant was asked to fill in a self-
administered questionnaire, including a FFQ, to collect the baseline data
for demographic characteristics, past and familial medical histories, and
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other data. Participants were asked to record the frequency of the intake
of 40 foods without specifying portion size. The response was based on
the usual food intake for the past year. Five responses were possible for
each food item: rarely, 1-2 times/mo, 1-2 times/wk, 3—4 times/wk, and
almost every day (19). The consumption of each food item was
calculated by multiplying the frequency score of consumption of each
food by 0, 0.38, 1.5, 3.5, and 7.0/wk, respectively. Each portion size was
estimated from a validation study (19) conducted in 85 participants of
the baseline participants. As for the consumed amount of rice, it was
calculated according to the number of medium-sized bowls of rice
consumed in the replies in the FFQ. Each bowl was estimated to contain
140 g of steamed rice (19). The energy-adjusted intakes of rice and other
foods were calculated by the residual method (20). Key’s dietary score, a
method of expressing the fat quality of the diet, was calculated using this
formula: Key’s dietary score = 1.35X [2 X SFA (% energy) — PUFA (%
energy)] + 1.52 X [cholesterol intake (mg/1000 kcal)]*>. A high score
indicates that the diet caused increasing total blood cholesterol levels
(21).

The FFQ was validated by using four 3-d weighed dietary records
(DR) over a 1-y period as a reference standard. The Spearman rank
correlation coefficients for rice intake between the FFQ and four 3-d DR
were 0.63 (P < 0.001) for 85 individuals in the validation study and 0.62
(P < 0.001) between 2 FFQ conducted 1 y apart (19). The rice intake
from the second FFQ (mean = SD) (336 *+ 99 g/d) did not differ from
that for the DR (317 = 87 g/d) (P = 0.20).

Statistical analysis. The analyses were carried out separately for men
and women, and the amount of gender-specific, energy-adjusted rice
intake was modeled as categorical (5 quintile groups) variables in
primary analysis. For each participant, the person-years of follow-up
were calculated from the date that the baseline questionnaire was
completed until the time of death, the participant moved out of the
community, or the end of 2003 or 1999 (in 4 study areas), whichever
occurred first.

Because most distributions for dietary variables are skewed, gender-
specific medians with IQR or proportions of cardiovascular risk factors
were calculated. The HR and 95% CI for mortality by disease outcome
were calculated by using the Cox proportional hazard model with
reference to the risk according to quintiles of rice intake. Estimates were
presented as 3 models; the first model was adjusted for age only. The
second model was adjusted for age, cardiovascular risk factors, and
selected lifestyle and dietary variables, including history of hypertension,
history of diabetes, quintiles of BMI, smoking status (never, ex-smoker,
current smoker of 1-19 and =20 cigarettes/d), alcohol consumption
(never, ex-drinker, current drinker of 0.1-22.9, 23.0-45.9, 46.0-68.9,
and =69.0 g ethanol/d), hours of exercise (almost never, 1-2, 3-4 and
=5 h/wk), hours of walking (almost never, 0.5, 0.6-0.9, and =1 h/d),
perceived mental stress (low, moderate, and high), education level
(primary school, junior high school, high school, and college or higher),
sleep duration (=6, 6 to <7, 7 to <8, 8 to >9, and =9 h/d), and energy-
adjusted quintiles of selected food intakes including fish, fruit, vegetable,
meat, milk and dairy products, soy, and total energy intake (quintiles);
this was to exclude potential confounding that may arise from
differences in dietary patterns and food choices among participants
with high rice consumption and those without it. The last model was
further adjusted for sodium intake and Key’s dietary score to examine
whether the rice and CVD association was independent of dietary lipid
factors. We conducted tests for trend in means or proportions for each
confounding variable considered across quintiles of rice intake after
assigning median values for each quintile. To assess potential effect
modification by BMI, we further conducted a stratified analysis by BMI
tertiles for both genders. Tests for effect modification by gender or BMI
were conducted with an interaction term generated by multiplying the
median of each quintile of rice intake by gender or BML Sensitivity
analyses were performed by excluding persons with a history of diabetes
(n = 3659); the rationale for their exclusion was potential effect
modification and potential changes in dietary habits as a result of
diagnosis and treatment. Further, we tested the association between rice
intake (g/d, continuous) with CVD by a 1-SD increment of energy-
adjusted rice intake. We also calculated the multivariable HR of
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TABLE 1 Baseline characteristics of Japanese men and women according to quintiles of energy-adjusted rice intake'

Men Women
Q1 {low) a2 a3 04 Q5 (high) Q1 (low) a2 Q3 04 Q5 (high)

Rice intake, g/d 280 (0~396) 420 (397-448) 449 (447-551) 583 (552-655) 711 (656-1680) 279 (0-309) 259 (310-397) 420 (398-420) 453 (421-493) 560 (494-1680)
Participants at risk, n 7012 7013 7013 7013 7013 9737 9738 11016 8460 9737
Age, y 59 (49-66) 60 (51-67) 56 (47-63) 56 (48-63) 57 (49-63) 59 (50-66) 56 (48-63) 60 (52-67) 56 {48-64) 57 (50-63)
BMI, kg/m? 22.6 (20.7-24.4) 22.3 (20.6-24.2) 22.5(20.8-24.4) 225 (20.7-24.3) 22.5{20.8-24.3) 226 (20.8-24.6) 22.7 (20.8-24.7) 228 {20.8-24.8) 228 {20.9-24.9) 22.8 (20.8-24.9)
History of hypertension, % 22 24 21 19 17 23 20 26 23 22
Hypertension medication, % 14 14 13 1" 9 19 21 21 18 20
History of diabetes mellitus, % 7 8 7 6 4 5 3 4 4 3
Ethanol intake, g/d 46 (23-69) 34 (23-486) 29 (23-46) 23 (11-46) 23 (10-46) 7(3-23) 5(2-11) 5(2-11) 5{2-11) 5 (2-11)
Current smoker, % 55 53 54 54 55 6 4 5 5 5
College or higher education, % 21 19 20 16 13 14 12 8 9 8
Exercise =5 h/wk, % 35 35 33 30 25 28 25 25 21 19
Walking =1 h/d, % 89 67 68 69 72 Al 72 72 72 73
Food group intakes?, g/d

Fish 63 (39-85) 48 (30-75) 44 (27-69) 36 (22-53) 33 (21-53) 69 (43-88) 48 (34-75) 44 (28-70) 39 (25-53) 33 (21-49)

Vegetables 117 (66-773) 98 (58-733) 85 (51-146) 70 (74-117) 64 (39-105) 214 (93-808) 123 (80-772) 105 (68-744) 87 (57-149) 69 (46-116)

Fruit 80 (34-127) 80 (34-127) 61 (34-114) 54 (23-88) 50 (23-88) 127 (88-161) 114 (80-161) 107 (61-127) 80 (46-127) 61 (34-107)

Meat 32 (20-49) 27 (16-40) 25 (16-36) 22 (13-32) 20 (11-32) 36 (23-54) 29 (19-42) 26 (16-38) 23 (13-33) 20 (10-31)

Milk and dairy products 146 (32-152) 106 (31-150) 78 (12-147) 37 (7-146) 31 (1-130) 147 (78-171) 146 {73-154) 98 (31-151) 73 {11-146) 31 (1-95)

Soy 63 (38-85) 48 (30-75) 43 (27-69) 36 (22-53) 33 (21-53) 69 (43-88) 48 (34-75) 44 {28-70) 39 (25-53) 33 (21-49)

Egg 37 (18-37} 18 (8-37) 18 (8-37) 18 (8-37) 18 (8-37) 37 (18-37) 37 (18-37) 18 (8-37) 18 (8-37) 18 (8-37)

Sodium intake,? mg/d
Energy intake, kJ/d
Keys dietary score,® mmol/L

2743 (2115-3320)
7293 (7093-7817)
0.80 (0.71-0.91)

2368 (1768-2954)
7293 (7093-7393)
0.77 {0.72-0.88)

2183 (1576-2769)
6619 (5853-8269)
0.72 (0.61-0.83)

1935 (1330-2553)
7293 (5686-8340)
0.63 (0.54-0.73)

1589 (1094-2229)
7293 (7293-7545)
0.53 (0.44-0.61)

2658 (2080-3240)
6029 (6029-6397)
0.97 (0.88-1.1)

2197 {1652-2741)
6376 (5011-6820)
0.88 (0.79-0.97)

2021 {1530-2541)
6029 (6029-6029)
0.81 (0.72-0.90)

1823 (1357-2354)
5623 (5263-5349)
0.74 (0.65-0.83)

1517 {1100-2101)
6029 (5078-7021)
0.59 (0.50-0.69)

" Values are median (IQR) or percentage.
2 Values are adjusted for energy intake.
% Key's dietary score in mg/dL was calculated by this formula: Key's dietary score = 1.35 x [2 x SFA (% energy} — PUFA (% energy)] + 1.52 x lcholesterol intake (mg/1000kcal)] % and transformed into mmol/L by multiplying by 0.0259.
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mortality after the exclusion of deaths that occurred within § y from
baseline to check potential reverse causation for rice intake and mortality
risk. All P-values were 2-sided and P < 0.05 was the significance level.

Results

At baseline, compared with men with the lowest rice intake, men
with higher rice intakes were younger, less educated, and less
likely to smoke, to practice sports, and to have a history of
diabetes or hypertension. Women in the highest quintile of rice
intake were younger, had a higher BMI, were less educated, and
were more likely to smoke and to have a history of diabetes.
Furthermore, higher rice intake in both men and women was
associated lower intakes of alcohol, fish, meat, vegetables, fruit,
and soy and a lower Key’s dietary score (Table 1).

Among the 83,752 adults aged 40-79 y at the baseline
examination, there were 3514 (1927 men and 1587 women)
total CVD deaths during the 14.1-y follow-up, comprising 1640
(874 men and 766 women) deaths from stroke, 707 (429 men
and 278 women) from CHD, and 560 (295 men and 265
women) from heart failure.

Among men, age-adjusted HR for mortality from CHD,
heart failure, and total CVD were lower in the highest compared

with the lowest quintiles of rice intake, and after adjustment for
cardiovascular risk factors and selected lifestyle and dietary
variables, these inverse associations were slightly strengthened
(Table 2). After further adjustment for sodium intake and Key’s
dietary score, the associations did not materially change. There
was no association between rice intake and mortality from
ischemic or hemorrhagic stroke (data not shown). Among
women, in the age-adjusted model, an excess risk of mortality
from total CVD was observed at the highest quintile of rice
intake. However, after adjustment for lifestyle and dietary
variables, the excess risk disappeared. No associations were
found for rice intake with stroke, CHD, or heart failure in either
age- or multivariable-adjusted models. The results did not
change for either men or women after the exclusion of
participants with a history of diabetes mellitus from the total
participants (Supplemental Table 1).

Furthermore, the multivariable-adjusted HR (95% CI) for
mortality of CVD by a 1-SD increment of energy-adjusted rice
intake (174.4 g for men and 131.5 g for women) were 0.97
(0.90-1.04) for stroke, 0.90 (0.81-0.99) for CHD, 0.86 (0.76—
0.97) for heart failure, and 0.92 (0.88-0.97) for total CVD in
men and were 0.97 (0.89-1.06) for stroke, 0.99 (0.88~1.17) for
CHD, 1.08 (0.94-1.24) for heart failure, and 1.02 (0.96-1.09)
for total CVD in women (data not shown).

TABLE 2 Gender-specific HR (95% Cl) for mortality from CVD among Japanese men and women according to quintiles of

energy-adjusted rice intake

Men Women
Q1 Q2 Q3 Q4 Q5 P-trend Q1 Q2 Q3 Q4 Q5 P-trend
Person-years 85,336 85,777 87,065 88,077 90,017 123,200 124,881 142,025 107131 124,314
Stroke
Cases, n 198 223 160 128 165 173 114 208 116 155
Age-adjusted 1.00 0.96 (0.79-1.16) 0.98 {0.80-1.21) 0.81 {0.64-1.01) 0.98 (0.80-1.21) 0.48 1.00 0.86(0.77-1.09) 0.94(0.77~1.15) 0.96 (0.76-1.21) 1.15(0.92-1.42) 0.16
HR (95% Cl)
Multivariable-adjusted  1.00  0.95 (0.78-1.15) 0.95 (0.75-1.20) 0.75 (0.58-0.95) 0.97 (0.78-1.22) 0.43 1.00 0.84(0.64-1.10) 0.86(0.70-1.07) 0.84 (0.61-1.15) 0.91 (0.70-1.19)  0.49
HR (95%C1)’
Multivariable-adjusted  1.00 0.96 (0.79-1.17) 0.96 (0.76-1.22) 0.78 (0.61-1.00) 1.02 {0.82-1.31) 0.88 1.00 0.85(0.64-1.12) 0.89(0.72-1.11) 0.89 (0.64-1.26) 0.99(0.75-1.31)  0.93
HR (95%C1
CHD
Cases, n 97 123 63 78 68 62 42 64 52 58
Age-adjusted HR 1.00 1.10 (0.85-1.44) 0.76 (0.55-1.04) 0.95(0.71-1.29) 0.79 (0.58-1.07)  0.07 1.00  0.93(0.63-1.37) 0.80(0.57-1.14) 1.24 (0.86-1.80) 1.27(0.89-1.82) 0.3
{95% CI)
Multivariable-adjusted  1.00  1.03 {0.79-1.36) 0.71 (0.50-1.02) 0.82 {0.59-1.14) 0.70 (0.50-0.98)  0.02 100 0.95(0.60-1.49) 0.79 (0.55-1.14) 1.05(0.64-1.75) 097 (062-152) 0.71
HR (95%C)!
Multivariable-adjusted  1.00  1.04 (0.79-1.37) 0.73 {0.51-1.05) 0.85{0.60-1.19} 0.70 (0.43-0.99) 0.02 1.00 1.01(0.64-1.59) 0.83(057-1.21) 1.25{0.74-2.10) 1.08 {0.66-1.77) 0.98
HR (95%CI?
Heart failure
Cases, n 76 77 52 42 48 57 36 76 45 51
Age-adjusted HR 1.00 0.86 (0.63-1.18) 0.85 (0.60-1.22} 0.71 {0.49-1.04) 0.78 (0.54-1.13)  0.09 1.00 0.85(0.56-1.30) 1.04(0.74-1.47) 1.15(0.78-1.70) 1.19(0.81-1.73) 022
{95% Cl)
Multivariable-adjusted  1.00 0.82 (0.59-1.13) 0.85 (0.56-1.28) 0.62 (0.41-0.94) 0.68 (0.46-1.00) 0.02 1.00  0.88(0.54-1.43) 0.92(0.65-1.32) 1.40(0.81-2.43) 0.93(0.62-1.58) 095
HR (95%C1)"
Multivariable-adjusted  1.00 ~ 0.83 (0.60-1.15) 0.89 (0.58-1.35) 0.65 (0.42—1.00} 0.70 (0.46-1.05} 0.05 1.00  0.89(0.54-1.46) 0.96 (0.66-1.38) 1.61{0.90-2.82) 1.15(0.70-1.90) 0.61
HR (95%C)?
Total CVD
Cases, n 464 494 331 307 331 348 233 418 274 314
Age-adjusted HR 1.00 0.91(0.80-1.03) 0.86 (0.75-0.99) 0.81(0.70-0.94) 0.83{0.72-0.96)  0.002 1.00 0.88(0.75-1.05) 0.94(0.81-1.08) 1.14{0.97-1.33) 1.18 (1.01-1.37)  0.007
(95% Cl)
Multivariable-adjusted  1.00  0.89 (0.78-1.02) 0.85 (0.72-1.00) 0.76 {0.65-0.89) 0.80 (0.69-0.93)  0.001 1.00 0.91(0.75-1.11) 0.87{0.75-1.01} 1.09(0.87-1.35) 0.99(0.83-1.20) 0.85
HR (95%C1)'
Multivariable-adjusted  1.00  0.90 (0.79-1.03) 0.87 (0.74-1.02) 0.79 {0.67-0.93) 0.82 (0.70-0.97)  0.006 1.00 094 (0.78-1.14) 0.90(0.77-1.05) 1.20(0.94-1.51) 1.07 d{0.88-1.34) 0.66

HR (95%CIf*

" Adjusted for history of hypertension, history of diabetes, BMI, alcohol consumption, smoking status, hours of exercise, hours of walking, education level, perceived mental
stress, sleep duration, selected food intakes (fish, meat, vegetable, fruit, dairy products, and soy), and total energy intake.

2 Adjusted further for sodium intake and Key's dietary score.
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TABLE 3 Gender-specific multivariable-adjusted HR (95% CI) for mortality from CVD among Japanese men and women according to quintiles of energy-adjusted rice intake stratified by
tertiles of BMI

Men Women
a1 (low) Q2 a3 Q4 Q5 (high) P-trend Q1 (low) Q2 a3 Q4 Q5 (high) P-trend
Stroke
BMI T1" Person-years 27025 28,853 28,252 29,081 28,106 41,252 41535 45,759 35,161 40,554
Cases, n 80 101 7 45 73 63 44 86 49 52
HR (35% CI? 1.00 (referent} 1.09 {0.80-1.48) 1.06 (0.74-1.53) 0.70 (0.47-1.06) 1.25 (0.86-1.80) 059 1.00 {referent) 0.98 (0.63-1.54) 1.00 (0.70-1.42) 1.07 (0.62-1.87) 0.98 (0.60-1.62) 0.96
BMI T2" Person-years 28,544 28,372 27,697 29,118 32174 43,709 41,758 48,075 34,294 40,404
Cases, n 65 76 44 45 50 61 39 70 31 57
HR {95% CI)? 1.00 (referent) 1.05 (0.74-1.48) 0.80 (0.51~1.24} 0.82 {0.52-1.28} 0.96 {0.63-1.47) 0.60 1.00 (referent) 1.08 (0.66-1.76) 0.85 {0.59-1.22) 0.93 (0.50~1.72) 1.15 (0.71-1.87) 0.87
BMI T3' Person-years 29,767 28,545 31,116 29,877 29,737 38,238 41587 48,190 37675 43,355
Cases, n 53 46 44 38 42 49 AN 52 36 46
HR (95% CI)? 1.00 (referent) 0.71 (0.47-1.08) 0.98 (0.61-1.58) 0.86 {0.53-1.41) 0.90 {0.57~1.44) 0.88 1.00 {referent) 0.59 {0.35-0.98) 0.81(0.53-1.26) 0.64 (0.33-1.21) 0.92 (0.51-1.68) 0.81
CHD
BMI T1' Person-years 27,025 28,859 28,252 29,081 28,106 41,252 41535 45,759 35,161 40,554
Cases, n 32 42 28 34 25 16 17 18 21 17
HR (85% CI)? 1.00 {referent) 0.97 (0.60-1.56) 0.93 {0.51-1.68) 1.06 (0.61-1.84) 0.74 {0.41-1.34) 041 1.00 (referent) 1.71 (0.76-3.86) 1.05 (0.51-2.17) 2.01(0.78-5.23) 1.12 (0.42-2.95) 0.98
BMI T2' Person-years 28544 28,372 27,697 29118 32174 43,709 41,758 48,075 34,294 40,404
Cases, n 30 39 1 22 23 21 9 29 15 24
HR (95% Ci)? 1.00 (referent) 1.25 (0.76-2.05) 0.48 {0.22-1.02) 0.79 (0.41-1.51) 0.80 (0.43-1.49) 0.27 1.00 (referent) 1.02 {0.40-2.58) 1.08 (0.59-1.96) 1.33 (0.49-3.60) 1.25 (0.56-2.80) 0.58
BM! T3' Person-years 29,767 28,545 31,116 29,877 29,737 38,238 41,587 48,190 37675 43,355
Cases, n 35 42 24 22 20 25 16 16 16 17
HR (95% CI)? 1.00 (referent) 0.95 (0.59-1.52) 0.74 {0.40-1.36) 0.64 (0.34-1.21) 0.59 {0.32-1.11) 0.05 1.00 {referent) 0.59 (0.28-1.25) 0.50 (0.25-1.01) 0.82 (0.32-2.11) 0.96 (0.38-2.40) 0.59
Heart failure
BMI T1' Person-years 27,025 28,859 28,252 29,081 28,106 41,252 41535 45,758 35,161 40,554
Cases, n 33 37 24 22 22 17 17 27 16 18
HR {95% CI? 1.00 (referent) 0.91 (0.56~1.49) 0.76 {0.41-1.41) 0.66 (0.35-1.24) 0.81 {0.44-1.51) 0.34 1.00 (referent) 1.40 (0.60-3.26) 1.09 (0.56-2.09) 2.121{0.73-6.12) 1.48 (0.61-3.59) 0.49
BMI T2' Person-years 28,544 28,372 27,697 23,118 32,174 43,709 41,758 48,075 34,294 40,404
Cases, n 21 28 21 13 19 25 10 24 14 18
HR (95% CI? 1.00 {referent) 1.17 (0.65-2.09) 1.85(0.87-3.93) 0.91 (0.42-2.00) 0.92 {0.46-1.87) 0.74 1.00 (referent) 0.70 {0.30~1.68} 0.74 (0.40-1.36) 1.81(0.67-4.92) 1.09 (0.48-2.45) 0.99
BM! T3' Person-years 29,767 28,545 31,116 29,877 29,737 38,238 41,587 48,130 37,675 43,355
Cases, n 22 12 7 7 7 15 9 25 15 17
HR (95% CI? 1.00 {referent) 0.42 (0.19-0.91) 0.48 (0.17-1.34) 0.38 (0.14-1.06) 0.35 {0.13-0.96} 0.03 1.00 (referent) 0.69 {0.27-1.79) 1.22 {0.61-2.46) 1.23 {0.44-3.45) 0.94 {0.35-2.54) 0.87
Total CVD
BMI T1" Person-years 27,025 28,859 28,252 29,081 28,106 41,252 41535 45,759 35,161 40,554
Cases, n 172 204 134 126 132 118 91 163 107 103
HR (95% CI)? 1.00 (referent} 0.98 {0.79-1.21} 0.94 (0.73-1.21} 0.86 {0.66-1.11} 0.94 (0.73-1.22) 0.47 1.00 (referent) 1.14 (0.83-1.58) 1.02 (079131 1.48 (1.00-2.19) 1.07 {0.75-1.53) 0.80
BMI T2' Person-years 28,544 28,372 27,697 29118 32174 43,709 41,758 48,075 34,294 40,404
Cases, n 146 165 94 95 115 127 75 144 78 118
HR (95% CI? 1.00 (referent) 1.04 {0.82-1.30} 0.90 (0.67-1.21) 0.83 {0.62-1.12) 0.93(0.71-1.23) 0.40 1.00 (referent) 1.09 (0.77-1.54) 0.84 (0.65-1.08) 1.13(0.75-1.70) 1.19 (0.85-1.66) 0.67
BMI T3' Person-years 29,767 28,545 31,116 29,877 29,737 38,238 41,587 48,190 37,675 43,355
Cases, n 146 125 94 86 84 103 67 m 89 93
HR (95% CIf? 1.00 (referent} 0.71{0.55-0.91) 0.73 (0.54-0.99) 0.67 (0.43-0.92) 0.64 (0.47-0.88) 0.005 1.00 (referent) 0.68 (0.48-0.96) 0.83(0.62-1.12) 0.96 (0.63-1.47) 1.00 (0.67-1.49) 0.95

T BMI tertiles: T1 =< 21.4 kg/m? for men and = 21.6 kg/m? for women; T2 = 21.5-23.5 kg/m? for men and 21.7-23.8 kg/m? for women; T3 > 23.5 kg/m? for men and > 23.8 kg/m? for women.
2 Adjusted for age, history of hypertension, history of diabetes, BMI, alcohol consumption, smoking status, hours of exercise, hours of walking, education level, perceived mental stress, sleep duration, energy-adjusted quintiles of selected
food intakes (fish, meat, vegetable, fruit, dairy products, and soy), total energy intake, sodium intake, and Key's dietary score.
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We investigated the associations between rice intake and
CVD risk after stratifying by BMI tertiles (Table 3). Inverse
associations between rice intake with CHD, heart failure, and
CVD were more evident for men in the highest BMI tertile than
for those in the lowest or modest BMI tertiles. The multivariable-
adjusted HR (95% CI) for the highest compared with the lowest
quintiles of rice intake among men with the highest BMI tertile
were 0.90 (0.57-1.44; P-trend = 0.88) for stroke, 0.59 (0.32-
1.11; P-trend = 0.05) for CHD, 0.35 (0.13-0.96; P-trend = 0.03)
for heart failure, and 0.64 (0.47-0.88; P-trend = 0.005) for
CVD. There was a weaker and nonsignificant inverse association
between rice intake and CHD risk for women in the highest BMI
tertile (P-trend = 0.59). There were no interactions with gender
or BMI for all endpoints (P-interaction > 0.05).

To examine potential reverse causation for rice intake and
mortality risk, we calculated the multivariable HR of mortality
after the exclusion of deaths that occurred within 5 y from
baseline. For men, the inverse associations of rice intake with
mortality from CHD and total CVD were slightly attenuated,;
the HR (95% CI) for the highest compared with the lowest
quintiles of rice intake were 0.77 (0.54-1.15; P-trend = 0.08) for
CHD and 0.84 (0.69-1.00; P-trend = 0.03) for total CVD,
whereas that from heart failure was slightly strengthened [0.51
(0.28-0.91; P-trend = 0.01)]. For women, there were no material
changes in risks of mortality (Supplemental Table 2).

Discussion

This 14-y prospective cohort study of Japanese men and women
aged 40-79 y showed that rice intake was associated with
reduced risks of mortality from CHD, heart failure, and total
CVD in men but not women. These inverse associations did no
change or became slightly stronger after adjustment for cardi-
ovascular risk factors and lifestyle and dietary variables. When
stratified by BMI, the strong inverse associations appeared to be
evident among men with a BMI in the top tertile (=23.5 kg/m?).

To our knowledge, our research should be considered
original in investigating the association between rice intake as
a specific cereal and CVD. A recent Japanese study found no
significant association between rice intake and stroke mortality
in either gender after adjustment for potential confounding
variables, although a positive association was observed among
women in the age-adjusted model (14).

The finding that high-saturated fat diets increase risk of CHD
led to recommendations to replace total and saturated fat intake
with carbohydrate intake (15,22). However, in postmenopausal
women, such low-fat, high-carbohydrate diets affect lipid and
glucose metabolism adversely, leading to increased TG, de-
creased HDL-cholesterol, and enhanced insulin resistance (16).
Women in our population were (mean = SD) §7.5 * 10 y old
and 64% of them were postmenopausal at the baseline exam-
ination, which might explain why increased rice intake was not
associated with CVD risk. The quality of carbohydrate is critical
in that issue. Dietary guidelines advise the substitution of simple
sugars and fat with complex carbohydrates (22) and white rice is
a starchy food that is considered a desirable complex carbohy-
drate. Meanwhile, white rice is digested and absorbed quickly
and has a relatively high glycemic index (4). Previous studies of
women reported protective effects of whole grain consumption
on risks of CHD (7,8,10), ischemic stroke (9), heart failure (23),
and total CVD (10), whereas total refined grain consumption
was not associated with risk of CHD (8,10) or total CVD (10).
Interestingly, intake of refined grains, including white rice, was
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inversely associated with mortality from CHDj; however, the
association was not significant in the fully adjusted model [HR
(95% CI) = 0.69 (0.52-1.21); P-trend = 0.29] (8).

The effect of high-carbohydrate intake on risk of CVD differs
between genders; it may increase the risk of CHD among women
(4,5,11) but not men (6,11). Two previous cohort studies of men
suggested a weak inverse association between carbohydrate
intake, mainly rice, and risk of CHD (24,25). In the Honolulu
Heart Program, 8000 men of Japanese ancestry were followed-
up for 10 y; those who later experienced coronary events had
lower intakes of carbohydrates (249.8 g/d) than did those who
did not develop CHD (265.4 g/d) (P < 0.001). In the Puerto Rico
Heart Health Program, a significant inverse association between
carbohydrate intake, chiefly that derived from rice, and CHD
was found; carbohydrate intakes were 253 g/d for men who
developed CHD compared with 273 g/d for those who did not
(P < 0.01). However, neither study adjusted for total energy
intake, so those associations may be confounded by physical
activity.

A possible reason for this gender difference regarding the
effect of carbohydrate intake on risk of CVD could be that
lipoprotein changes in response to low-fat and high-carbohydrate
diets differ according to gender, with greater increases in TG and
VLDL-cholesterol levels and decreases in HDL-cholesterol levels
in women than in men (26). Such changes in the blood lipids, i.e.
increased TG (27,28) and decreased HDL-cholesterol levels (29),
are stronger risk factors for CHD in women than in men.

Rice intake was reported to be positively associated with risk
of type 2 diabetes in the Shanghai cohort women (30) and
recently among Japanese women but not men (31). Further-
more, diabetic women had a greater risk of developing CVD
than diabetic men (32). However, in an Indian study, rice had the
least potential of increasing postprandial hyperglycemia and TG
levels compared with other carbohydrate sources such as white
bread in both diabetic and nondiabetic participants; however,
the author did not present gender-specific data (17). Also, a
higher carbohydrate intake and dietary glycemic index were not
associated with fasting or postload blood concentrations of
insulin or glucose in men (11). When we tested the association
between rice intake and CVD without adjusting for a history of
diabetes, the results did not change materially. Moreover, we
found that rice intake was inversely associated with total CVD in
both diabetic [HR = 0.54 (95% CI = 0.29-1.01; P-trend =
0.02)] and non-diabetic men [HR = 0.86 (95% CI = 0.73~1.04;
P-trend = 0.04)] but not diabetic [HR = 0.48 (95% CI = 0.16-
1.42; P-trend = 0.23)] or nondiabetic [HR = 1.13 (95% CI =
0.92-1.40; P-trend = 0.42)] women. We could not separately
analyze such comparisons regarding risks of stroke, CHD, or
heart failure due to the small number of participants in the
diabetic category.

In some Western studies, high-carbohydrate diets had more
adverse effects on risk of CVD among obese participants than
among lean individuals (4,5). However, Japanese populations
have a lower mean BMI than Western populations do. In our
analysis stratified by BMI, high rice intake was inversely
associated with risk of mortality from CHD, heart failure, and
total CVD among men in the top tertile of BMI. We also found a
weaker and nonsignificant association with risk of CHD among
women in the top tertile of BMI. Because male gender along with
higher BMI are effects in the high risk group for developing
CHD in Japan (33), it is plausible that a protective effect of rice
was more evident among men with higher BMI.

Japanese rice is responsible for the provision of many
important nutrients, including magnesium, zinc, copper (34),
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vitamin B-6 (35), and dietary fiber (36). Dietary vitamin B-6
intake was associated with reduced mortality from CHD in the
JACC Study (37) and in another large Japanese cohort (35). Rice
was the major source of vitamin B-6 and the greatest contributor
to variability (11.5% of total variability) (35). Also, dietary fiber
was inversely associated with mortality from CHD and total
CVD in the JACC Study, and rice was a major source of dietary
fiber and was the second greatest contributor to variability
(14.0% of total variability) (36). Rice, which is low in sodium
(38), serves as an aid in treating hypertension (39). Moreover,
rice is low in fat and is free of cholesterol (40), a dietary risk
factor of CHD (41). One of the characteristics of Japanese
steamed rice is cooking only with water without addition of
butter, margarine, soup, or animal fat.

Limitations of this study include the lack of multiple mea-
surements of dietary variables to reduce measurement errors and
to better assess temporal relationships between rice intake and
mortality from CVD. Second, no data on glycemic load or index
were available because of limited food items in the FFQ for the
calculation of these indices. Lastly, rice consumption and food
choices associated with rice consumption may substitute food
choices that potentially affect risk of CVD. We could not run a
complete substitution model due to limited food items in the
FFQ. However, our adjustment for selected food groups (fish,
fruit, meat, etc.) may partly exclude potential confounding from
differences in the underlying dietary patterns.

The present study has several methodological strengths. The
exclusion of persons with known CVD or cancer at baseline
reduced bias arising from dietary changes due to known
diseases. The results from a cohort of community residents are
more relevant to generalizability. Furthermore, when we ex-
cluded participants who died of CVD within 5 y from the
baseline survey to reduce a potential effect of preexisting
unknown illness and disease, the associations did not substan-
tially change. This supported that the inverse causality was
unlikely.

In summary, we found that the intake of steamed rice was
inversely associated with mortality from CHD, heart failure, and
total CVD in Japanese men but not women. This gender
difference could be explained by the stronger adverse effects of
high-carbohydrate intake on lipid metabolism in women but
needs further investigation. However, dietary habits are becom-
ing more Westernized with a decrease in rice consumption and
an increase in fat consumption in Japan. It might be an
important issue in nutritional education to draw attention to
the benefits of rice consumption.
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Abstract

Objective This study aims to estimate the ecological
exposure of adult residents of Fukushima Prefecture to
34cesium (Cs) and '*’Cs through ingestion and inhalation
between July 2 and July 8, 2011.

Methods Fifty-five sets of meals with tap water, each
representing one person’s daily intake, were purchased in
local towns in Fukushima Prefecture. Locally produced
cow’s milk (21 samples) and vegetables (43 samples) were
also purchased. In parallel, air sampling was conducted at
12 different sites using a high-volume sampler. Nineteen
sets of control meals were collected in Kyoto in July 2011.
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13%Cs and *’Cs levels in the samples were measured using
a germanium detector.

Results Radioactivity was detected in 36 of the 55 sample
meals from Fukushima, compared with one of 19 controls
from Kyoto. The median estimated dose level (uSv/year)
was 3.0, ranging from not detectable to 83.1. None of the
cow’s milk (21) or vegetable (49) samples showed levels of
contamination above the current recommended limits (Bg/
kg) of 200 for milk and 500 for vegetables. The total
effective dose levels by inhalation were estimated to be
<3 pSv/year at nine locations, but samples at three other
locations close to the edge of the 20-km radius from the
crippled nuclear power plant showed higher levels of
contamination (uSv/year): 14.7 at litate, 76.9 at Namie, and
27.7 at Katsurao.

Conclusions Levels of exposure to **Cs and "*’Cs in
Fukushima by ingestion and inhalation are discernible, but
generally within recommended limits.

Keywords '**Cs - 37Cs - Exposure assessment -
Fukushima Daiichi nuclear power plant accident -
Ingestion - Inhalation

Introduction

Following the Tohoku earthquake and tsunami on March
11, 2011, the Fukushima Daiichi nuclear power plant
exploded on March 15, 2011, releasing massive amounts of
radionuclides, including iodine, cesium (Cs), strontium,
and plutonium into the northern part of Japan and the
Pacific Ocean, being the second largest nuclear accident,
after the Chernobyl disaster [1, 2]. The total amount of
137Cs released into the environment by the Fukushima
Daiichi nuclear plant from March 11 to April 15
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(1.3 x 10% Bq) [3] has been estimated to be 10% of that
emitted by the Chernobyl disaster in 1986 [1, 2].

Residents living within a 20-km radius of the nuclear
power plant were evacuated soon after the disaster, but
people in Fukushima Prefecture have continued to live out-
side this evacuation zone. Although the direct threat from the
radioactive plume is over, it is important to continuously
assess the exposure doses due to deposited radioactivity.
Contamination with *’Cs has been reported in residential
areas in Fukushima Prefecture [4], and the internal doses
resulting from inhalation of resuspended deposits [5] and
ingestion of contaminated foods need to be monitored.

Residents in particular, but also people in remote areas,
are seriously concerned about their levels of internal
exposure to radionuclides through ingestion of contami-
nated food and drink. The ingested dose should be evalu-
ated on the basis of the level of radioactivity contained in
complete meals consumed (Bg/day/person), rather than on
the radioactive content of an individual item (Bg/kg).

To evaluate potential post-accident internal doses, we
conducted a field survey in July 2011, focusing on esti-
mated exposures of adult residents of Fukushima Prefec-
ture to '**Cs and *"Cs through ingestion and inhalation.

Materials and methods
Field survey

We tested whole-day meals, vegetables from local food
venders, tap water, and air samples from cities at various
distances from the nuclear power plant between July 2 and
July 8,2011 (Fig. 1). Inthe cities denoted as “M” and “V” in
Fig. 1, we purchased whole-day meals and vegetables from
local food venders, respectively. Tap water was also col-
lected in the same towns or cities. In the cities denoted by
“A,” we conducted air sampling using a high-volume sam-
pler (HV-1000F; Sibata, Saitama, Japan) and soil sampling
(mixed soil samples from depth of 0-5 cm). We also col-
lected continuous air samples at a fixed point in Fukushima
City using a low-volume sampler (SL-30; Sibata, Saitama,
Japan) with an eight-stage Andersen cascade impactor
sampler (AN-200; Tokyo Dylec Co., Tokyo, Japan).

Food collection and processing for radioactivity
determinations

Five male researchers (aged 32-68 years) visited one of the
most popular local grocery stores in each city or town and
purchased several sets of whole-day meals, according to
their personal preferences, as reported previously [6]. A set
of whole-day meals comprised prepackaged breakfast,
lunch, and dinner, as well as desserts, snacks, and
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Fig. 1 Geographical locations of the field study areas. “A” repre-
sents sites where air sampling was conducted. “M” represents grocery
stores where meals were purchased. Tap water (12 L) was collected in
the same towns where meals were purchased. “V” represents
commercial vender where vegetables were purchased. “X” represents
the Fukushima Daiichi nuclear power plant. The symbols approxi-
mately represent actual geographical positions

beverages. A total of 12 L. geographically matched tap
water per town was donated by residents of the towns
where the grocery stores were located. Locally produced
vegetables and cow’s milk were also purchased in the same
towns. All items were transported daily to Kyoto Univer-
sity at 4°C for processing and analysis.

Daily whole-day meal sets were homogenized with
locally collected tap water (approximately 1 L), together
with desserts and snacks. The final volumes were recorded,
and approximately 1 L of each homogenate was processed
for freeze-drying. Vegetables and cow’s milk were also
freeze-dried. Control meals consisted of whole-day meals
collected by 19 females using the food duplicate method,
as previously reported [6]. Control meals were collected in
July 2011 in Uji, Kyoto, which is located from 540 km to
the southwest of the Fukushima nuclear power plant.

Air sampling and determination of radioactivities

A high-volume air sampler was used to collect dust in the air
on a quartz membrane filter. A minimum of 50 m®> was

— 258 —



