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The study was conducted before the introduction of
public-access defibrillation and confirms a lower inci-
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Exploring the link between standard lifestyle questionnaires administered during
specific medical check-ups and incidence of metabolic syndrome in Chiba Prefecture

Eiichi AsHizawa*, Sataro KaTano®, Akiko HARADAY, Ryoko YANAGIBORP*®,
Yaeko KoBAvasHI*, Shinichi SATO™ and Hirohisa EGucHI*

Key words : metabolic syndrome, specific medical check-ups, health insurance, standard lifestyle question-

naires, Chiba Prefecture

Objectives The aim of this study was to clarify the relationship between standard lifestyle questionnaires
and the development of metabolic syndrome (MetS).

Methods We analyzed the data on 278,989 people (111,524 males and 167,465 females) living in Chiba
Prefecture who underwent consecutive medical check-ups in 2008 and 2009. The standard lifestyle
questionnaire administered during the check-ups consisted of 10 items, including three on exercise
behaviors, four on dietary behaviors, and one each on drinking, smoking, and sleeping behaviors.
An individual was assigned to the “developing MetS” category if there was no diagnosis of MetS in
2008, followed by a diagnosis of MetS or pre-MetS in 2009. We calculated the odds ratios for
developing MetS adjusted for gender and age. Developing MetS was the dependent factor in a mul-
tiple logistic regression analysis used to examine its relationship to responses on the lifestyle ques-
tionnaire.

Results In men, the odds of developing MetS were significantly lower for participants who exercised regu-
larly (“walking fast,” OR=0.88, 95% CI [0.83-0.93]; and “higher physical activity,” 0.85,
[0.80-0.90]), but were significantly higher for those who engaged in _ dietary behaviors and drink-
ing (“eating fast,” 1.49, [1.40-1.59]; “having a habit of eating late-night snacks,” 1.15, [1.05~
1.27]; “having a late night meal,” 1.15, [1.08-1.23]; and “drinking every night,” 1.08, [1.02-
1.14]). In women, the odds of developing MetS were significantly lower for subjects who reported
engaging in regular exercise and drinking (“walking fast,” 0.74, [0.70-0.78]; “higher physical ac-
tivity,” 0.92, [0.87-0.98]; and “drinking every night,” 0.80, [0.71-0.901), but were significantly
higher for those who had such dietary behaviors as “eating fast” (1.48, [1.39-1.58]), “having a
habit of eating late-night snacks” (1.15, [1.05-1.26]), “having a late night meal” (1.19, [1.10-
1.29]), and “not having breakfast” (1.21, [1.07-1.36]).

Conclusion These results show that poor dietary or exercise habits as determined by the standard lifestyle

questionnaire were associated with the development of MetS.

* Chiba Prefectural Institute of Public Health
¥ Japan Arteriosclerosis Longitudinal Study (JALS)
3% Chiba Foundation for Health Promotion & Disease Prevention



High-density Lipoprotein Subclasses and Risk of Stroke
and its Subtypes in Japanese Population
The Circulatory Risk in Communities Study

Choy-Lye Chei, PhD; Kazumasa Yamagishi, MD; Akihiko Kitamura, MD; Masahiko Kiyama, MD;
Hironori Imano, MD; Tetsuya Ohira, MD; Renzhe Cui, MD; Takeshi Tanigawa, MD;
Tomoko Sankai, MD; Yoshinori Ishikawa, MD; Shinichi Sato, MD; Shinichi Hitsumoto, MD;
Hiroyasu Iso, MD; on behalf of the CIRCS Investigators

Background and Purpose—High-density lipoprotein (HDL) cholesterol is an established protective factor for ischemic
stroke. However, the contribution of HDL subclasses to stroke risk and its subtypes is uncertain.

Methods—A prospective nested case—control study of 40- to 85-year-old Japanese was undertaken using frozen serum
samples collected from 5280 men and 7524 women. They participated in cardiovascular risk surveys from 1985 to 1999
(1 community) and 1989 to 1998 (2 communities) under Circulatory Risk in Communities Study. HDL cholesterol
subclasses were classified by high-performance liquid chromatography into 3 subgroups: S-HDL (very small or small
HDL), M-HDL (medium HDL), and L-HDL (large or very large HDL) cholesterol. One control subject per case was
matched by sex, age, community, serum storage year, and fasting status.

Results—In 2005, we identified 241 strokes (155 ischemic and 86 hemorrhagic). S-HDL and M-HDL cholesterol levels were
inversely associated with total stroke risk, ischemic stroke, specifically lacunar infarction, and hemorrhagic stroke. After
adjustment for cardiovascular risk factors, these associations remained statistically significant. Multivariable conditional
odds ratios (95% confidence interval) for 1 SD (0.12 mmol/L) increment of S-HDL cholesterol levels were 0.34 (0.23~
0.52) for total stroke, 0.38 (0.23-0.63) for ischemic stroke, 0.33 (0.18-0.61) for lacunar infarction, 0.30 (0.14-0.65) for
hemorrhagic stroke, and 0.30 (0.12~0.77) for intraparenchymal hemorrhage. The respective multivariable odds ratios for
1SD (0.10 mmol/L) increment of M-HDL cholesterol levels were 0.56 (0.41-0.75), 0.63 (0.45-0.88), 0.59 (0.40-0.87),
0.41 (0.21-0.80), and 0.38 (0.16-0.90). No associations were found between L-HDL cholesterol levels and risk of total

stroke and its subtypes.

Conclusions—Small- to medium-sized HDL, not large HDL, cholesterol levels were inversely associated with total stroke

risk.  (Stroke. 2013;44:327-333.)

Key Words: high-density lipoprotein cholesterol m Japanese m nested case-control study m particle size m stroke

High—density lipoprotein (HDL) particles are heteroge-
neous in structure, having differential effect on their
antiatherogenic properties.! Small, dense HDL particles
display higher cholesterol efflux capacity,? potent protec-
tion for low-density lipoprotein (LDL) oxidation®*, and pos-
sess stronger anti-inflammatory properties than large HDL
particles.’

Lipoprotein subclasses were quantified by gradient gel
electrophoresis and nuclear magnetic resonance methods, the
findings on the associations of HDL subclasses and cardio-
vascular disease have been inconsistent. Case—control studies

using the gradient gel electrophoresis method reported that
small HDL particles were inversely associated with the pro-
gression of coronary atherosclerosis® and risk of coronary
heart disease,” and other studies showed opposite trends with
prevalence of carotid atherosclerosis® and ischemic stroke
risk.'® In addition, studies using nuclear magnetic resonance
observed that only large HDL particles, not small HDL or
medium HDL particles, were inversely associated with risk
of cardiovascular disease,'’ whereas another study with the
nuclear magnetic resonance method showed that larger HDL
particles were inversely associated, and smaller HDL particles
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were positively associated with the prevalence of coronary
artery disease.'

High-performance liquid chromatography (HPLC) with gel
permeation columns is an alternative method for classifying
and quantifying lipoproteins according to particle sizes.'* This
method can provide cholesterol levels of major lipoproteins
and their subclasses using a small amount of serum or plasma
and measure simultaneously cholesterol levels in each lipo-
protein fraction and lipoprotein particle size distribution. The
HPLC defines 5 HDL subclasses based on HDL particle diam-
eter size, which is similar to gradient gel electrophoresis and
nuclear magnetic resonance methods."™'* Advantages of the
HPLC method include its direct cholesterol determination in
HDL and HDL subclasses within 16 minutes by using a small
amount of plasma (<10 pL).!*"*

In the present study, a prospective nested case—control study
of men and women was conducted in 3 Japanese communities
of the Circulatory Risk in Communities Study (CIRCS) using
stored serum samples. We applied the HPLC method to assess
HDL subclasses and to seek their associations with risk of
stroke and its subtypes.

Methods

Surveyed Populations

The present study was an ancillary study of the CIRCS.'* CIRCS
is a dynamic cohort of Japanese men and women aged 230 years
in 5 communities across Japan, overseen by a research team from
the Osaka Medical Center for Health Science and Promotion, Osaka
University and the University of Tsukuba. The surveyed popula-
tions comprised 13 314 men and women aged 40 to 85 years, who
participated in cardiovascular risk surveys between 1985 and 2000
in a mideastern rural community (Kyowa; participants and census
population for 40-85 years; n=6829 and n=8557, respectively) and
between 1989 and 1998 in northeastern rural community (Ikawa;
n=2570 and n=2981, respectively) and a southwest rural community
(Noichi; n=3915 and n=7169, respectively). The participation rate in
cardiovascular risk surveys among men and women aged 40 to 85
years was 80% in Kyowa, 86% in Ikawa, 55% in Noichi, and 71% for
the total population. A 1.0- to 2.0-mL serum sample obtained from
each participant was stored at —80°C for 1 to 20 years (median, 10.5
years). Participants with a history of stroke or coronary heart disease
(n=510) were excluded from the analyses. The participants were fol-
lowed up to determine the incidence of stroke occurring by the end
of 2005. The Ethics Committee of Osaka University, The University
of Tsukuba and the Osaka Medical Center for Health Science and
Promotion approved this study.

Surveillance of Stroke and Classification of
Stroke Subtypes
Susceptible cases of stroke were ascertained from national insurance
claims, ambulance records, death certificates (cases with stroke as the
underlying cause of death [International Classification of Diseases,
9th revision: 430-438] were selected), reports by local physicians,
and reports by public health nurses and volunteers. To confirm the
diagnosis of stroke, we called, visited, or invited the susceptible sub-
jects to participate in annual cardiovascular risk surveys to obtain
clinical histories. In addition, physicians obtained medical histories
and reviewed medical records, including computed tomograpy/mag-
netic resonance imaging from local clinics and hospitals. In the case
of deaths, histories were obtained from families, and medical records
were reviewed.

The diagnosis of stroke was made according to the criteria of the
National Survey of Stroke,'” which requires a constellation of neu-
rological deficits of sudden or rapid onset lasting 224 hours or until

death. Strokes were classified as intraparenchymal hemorrhage, sub-
arachnoid hemorrhage, or ischemic stroke (lacunar infarction, large-
artery occlusive infarction, and embolic infarction) by computed
tomograpy/magnetic resonance imaging using standardized criteria.'
Strokes with negative findings on imaging studies and unclassified
strokes were excluded. For each new case of stroke, 1 control subject
was selected randomly from the participants with no incident stroke,
matched for sex, age (&2 years), community, year of serum storage,
and fasting status at serum collection (<8 and 28 hours).

Determination of HDL Particle Size

Nonfasting venous blood was collected in 7- to 10-mL plain tubes
and allowed to stand for 30 minutes for serum separation. The serum
samples were aliquoted immediately and placed on dry ice at survey
sites and then stored at —80°C.

Serum lipoprotein analyses were performed by HPLC with gel
permeation columns (LipoSEARCH; Skylight-Biotec, Inc., Akita,
Japan).' By this method, HDL was classified by particle size into 5
subgroups: 13.5 to 5.0 nm (very large HDL), 12.1 nm (large HDL),
10.9 nm (medium HDL), 9.8 nm (small HDL), and 7.6 to 8.8 nm
(very small HDL)." To simplify data analysis, we grouped these HDL
subclasses as follows: S-HDL (very small or small HDL), M-HDL
(medium HDL), and L-HDL (large or very large HDL).

Statistical Analysis

The odds ratios and 95% confidence intervals for total stroke and
stroke subtype were estimated according to quartiles and 1SD incre-
ment of total HDL, S-HDL, M-HDL, and L-HDL cholesterol levels
with conditional logistic regression models. Adjustment was made
for hypertension status (normal, borderline, and hypertension), body
mass index (kg/m?), current alcohol intake (g/d), cigarette smoking
status (never, ex-smoker, and current), cholesterol-lowering medi-
cation (yes/no), log-transformed triglycerides levels (mmol/L), and
serum glucose category (normal, impaired glucose tolerance, and dia-
betes mellitus). SAS version 9.1.3 was used for the statistical analy-
ses (2-tailed).

Results

Age-adjusted baseline characteristics of the controls accord-
ing to quartiles of HDL subclasses are shown in Table 1. Body
mass index was inversely associated with total HDL choles-
terol and L-HDL, and the prevalence of current smokers was
lower with the higher quartiles of L-HDL cholesterol levels.
Total HDL cholesterol levels were positively associated with
S-HDL, M-HDL, and L-HDL cholesterol levels, whereas tri-
glycerides were inversely associated with total HDL choles-
terol, S-HDL, M-HDL, and L-HDL cholesterol levels. Mean
blood pressure, mean ethanol intake, and prevalence of hyper-
tensive and glucose abnormality did not vary according to total
HDL cholesterol, S-HDL, M-HDL, and L-HDL cholesterol
levels. The prevalence of diabetes mellitus was lower with the
higher quartiles of total HDL and L-HDL cholesterol levels.

During the follow-up period, we identified 241 incident
strokes comprising 155 ischemic strokes (116 lacunar infarc-
tions, 35 large-artery occlusive infarctions, and 11 embolic
infarctions) and 86 hemorrhagic strokes (64 intraparenchymal
hemorrhages and 22 subarachnoid hemorrhages).

Table 2 shows odd ratios and 95% confidence intervals
for total stroke and stroke subtypes according to the quar-
tiles and 1SD increment of total HDL, S-HDL, M-HDL, and
L-HDL cholesterol levels. We did not show the results for
large-artery occlusive infarction, embolic infarctions, and
subarachnoid hemorrhage because of small incidence num-
bers. Total HDL cholesterol levels were inversely associated
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BP indicates blood pressure; HDL, high-density lipoprotein; L-HDL, large high-density lipoprotein; M-HDL, medium high-density lipoprotein; and S-HDL, small high-density lipoprotein.
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Table 2. 0dds Ratios (95% Confidence Interval) of Stroke and Subtypes According to High-density Lipoprotein Cholesterol Levels

by High-density Lipoprotein Subclass

Total HDL cholesterol

L-HDL quartiles

OR per 1 8D OR per 18D
1 2 3 4 increment 1 2 3 4 increment
Total stroke
No of cases 70 62 54 55 55 67 56 63
No of controis 51 58 67 65 65 53 66 57
Age-, sex-, and 1.00 0.67 0.46 0.47 0.85 1.00 1.54 1.04 1.38 1.09
community-matched OR (0.39-1.17)  (0.25-0.84)*  (0.26-0.88)"  (0.69-1.06) (0.91-2.62) (0.62-1.76) (0.78-2.41) (0.89-1.32)
Multivariable OR? 1.00 0.60 0.41 0.40 0.79 1.00 1.78 1.25 1.57 1.13
(0.33-1.10)  (0.21-0.81)*  (0.19-0.80)t (0.61-1.02) (1.00-3.16) (0.70-2.23) (0.81-3.05) (0.89-1.44)
Ischemic stroke
No of cases 49 43 28 35 38 42 37 38
No of controls 38 39 39 39 44 38 40 33
Age-, sex-, and 1.00 0.77 0.46 0.57 0.89 1.00 1.30 1.1 1.40 11
community- (0.41-1.44)  (0.22-0.96)*  (0.27-1.18)  (0.69-1.15) (0.70-2.44) (0.58-2.11) (0.69-2.83) (0.87-1.41)
matched OR
Multivariable OR® 1.00 0.66 0.37 047 0.85 1.00 1.70 1.35 1.80 119
(0.33-1.35)  (0.15-0.87)*  (0.20-1.12)  (0.62-1.16) (0.83-3.48) (0.65-2.80) (0.76-4.24) (0.87-1.62)
Lacunar infarction
No of cases 40 30 21 25 31 34 21 30
No of controls 23 3 30 32 30 26 33 27
Age-, sex-, and 1.00 0.50 0.29 0.33 0.82 1.00 125 0.58 1.00 1.02
community-matched OR (0.23-1.07)  (0.12-0.72)f  {0.14-0.79)" (0.61-1.10) (0.60-2.61) (0.26-1.30) (0.44-2.25) (0.78-1.34)
Multivariabie OR? 1.00 0.52 0.23 0.27 0.75 1.00 1.77 0.62 0.97 1.02
(0.22-1.21)  (0.08-0.67)t (0.10-0.75)*  (0.53-1.06) (0.75-4.16) (0.24-1.60) (0.35-2.69) (0.72-1.44)
Hemorrhagic stroke
No of cases 21 19 26 20 17 25 19 25
No of controls 13 19 28 26 21 15 26 24
Age-, sex-, and 1.00 0.46 0.39 0.30 0.75 1.00 2.24 1.00 1.46 1.04
community-matched OR (0.14-1.47) {0.13-1.20)  (0.09-1.00) (0.50-1.13) (0.83-6.06) (0.40-2.51) (0.56~3.84) (0.74-1.46)
Multivariable OR? 1.00 0.46 0.44 0.35 0.79 1.00 2.1 143 1.87 117
(0.13-1.64) (0.12-1.62)  (0.09-1.35)  (0.49-1.29) (0.83-8.84) (0.45-4.56) (0.57-6.13) (0.76-1.80)
Intraparenchymal hemorrhage
No of cases 13 18 17 16 12 18 16 18
No of controls 9 14 21 20 17 10 17 20
Age-, sex-, and 1.00 0.66 0.36 0.33 0.74 1.00 2.85 1.49 1.45 1.08
community-matched OR (0.15-2.99)  (0.08-1.57)  (0.07-1.52) (0.45-1.22) 0.86-9.47) (0.49-4.54) (0.44-4.81) (0.72-1.62)
Multivariable OR? 1.00 0.80 0.52 0.32 0.68 1.00 4.06 37 1.60 1.06
(0.13-495) (0.07-3.89)  (0.05-2.16) (0.37-1.28) 0.74-22.2) (0.61-2.60) (0.25-10.4) (0.60-1.87)

BMI indicates body mass index; HDL, high-density lipoprotein; L-HDL, farge high-density lipoprotein; M-HDL, medium high-density lipoprotein; OR, odds ratio;

and S-HDL, small high-density lipoprotein.
*P<0.05, 1P<0.01, $P<0.001.

*Adjusted for hypertension status BMI, current aicohol intake, cigarette smoking status, cholesterol-lowering medication, log-transformed triglyceride levels,
serum glucose category, and matching for sex, age, community, year of serum stored, and fasting status.

with risk of total stroke and lacunar infarction but not of hem-
orrhagic stroke. S-HDL cholesterol levels were strongly and
inversely associated with risk of total stroke, ischemic stroke,
particularly lacunar infarction, and hemorrhagic stroke, spe-
cifically intraparenchymal hemorrhage. These associations
remained statistically significant after further adjustment for
cardiovascular risk factors. Moderate inverse associations
were observed between M-HDL cholesterol levels and risk
of total stroke and its subtypes. No associations were found

between L-HDL cholesterol levels and risk of total stroke or
its subtypes.

Discussion
The present study is the first study to show that higher cho-
lesterol levels in small HDL and medium HDL particles were
associated with lower risk of total stroke, either ischemic or hem-
orrhagic stroke even after adjustment for known cardiovascular
risk factors and matching variables of age, sex, years of serum
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M-HDL quartiles

S-HDL quartiles

OR per 1 SD OR per1SD
1 2 3 4 increment 1 2 3 4 increment
68 67 55 51 75 64 53 49
52 54 66 69 45 57 68 I
1.00 0.77 0.41 0.35 0.64 1.00 0.36 0.14 0.08 0.39
(0.42-1.39) (0.21-0.80) 0.17-0.69)F (0.49-0.83)f (0.18-0.73)F (0.06-0.33)% 0.03-0.21) 0.27-0.57%
1.00 0.66 0.31 0.23 0.56 1.00 0.37 0.18 0.05 0.34
(0.34-1.28) (0.15-0.64)t 0. 1051 (0.41-0.75)% (0.17-0.78)t (0.06-0.34)t {0.02-0.15) (0.23-0.52) £
46 41 35 33 50 40 32 33
37 33 41 44 31 36 42 46
1.00 0.84 0.51 0.44 0.72 1.00 0.33 0.14 0.09 0.44
(0.41-1.73) (024-110)  (0.12-097  (0.54-0.96)" (0.13-0.85*  (0.05-042f  (0.03-030)%  (0.28-0.69) %
1.00 0.72 0.39 0.30 0.63 1.00 0.34 0.14 0.07 0.38
(0.33-1.81) {0.17-0.90y (0.12-0.76)* (0.45-0.88)t (0.13-0.89)* (0.05-0.44)1 0.02-0.25)¢ (0.23-0.63)%
33 32 26 25 36 30 26 24
26 23 33 34 20 30 30 36
1.00 0.92 0.45 0.40 0.68 1.00 0.26 0.13 0.08 0.36
(0.40~2.15) 0.18-1.12) (0.16-1.01) (0.49-0.95)* (0.09-0.79)  {0.04-0.47))1 (0.02-0.31)F 0.21-0.63)F
1.00 0.70 0.35 0.30 0.59 1.00 0.29 0.15 0.07 0.33
(0.27-1.80) (0.13-0.94" 0.11-0.86)* (0.40-0.87)F (0.09-0.93)" (0.04-0.57)t (0.02-0.32)F 0.18-0.61)F
22 26 20 18 25 24 21 16
15 21 25 25 14 21 26 25
1.00 0.58 0.21 0.17 0.43 1.00 0.40 0.12 0.04 0.30
0.19-1.74) (0.05-0.83)* (0.04-0.72)" (0.24-0.78)t (0.14-1.13) {0.03-0.52)t (0.01-0.28)% 0.15-0.61)%
1.00 0.30 0.1 0.09 0.41 1.00 045 012 0.02 0.30
(0.07-1.34) (0.02-0.62)* (0.02-0.53)t (0.21-0.80)1 (0.13-1.54) (0.02-0.66)" {0.002-0.20)f (0.14-0.65)%
14 23 17 10 17 21 16 10
10 19 17 18 9 18 20 17
1.00 0.64 0.31 0.14 0.36 1.00 0.42 015 0.04 0.29
0.19-2.22) (0.06~1.58) (0.03-0.82)* 0.17-0.75)f (0.13-1.36) (0.03-0.68)* (0.005-0.35)f 0.13-0.66)t
1.00 0.25 0.18 0.06 0.38 1.00 0.46 0.16 0.02 0.30
(0.04-1.72) (0.02-1.60)  (0.005-0.62)*  (0.16-0.90)" (0.11-2.00) (0.03-1.02) (0.001-0.29)t 0.12-0.77

storage, fasting status, and community. There was no associa-
tion between L-HDL cholesterol levels and risk of total stroke
and its subtypes. Risk of total stroke was =90% lower among
persons at the highest quartile of S-HDL cholesterol levels or
M-HDL cholesterol levels than among those at the lowest quar-
tile. S-HDL and M-HDL cholesterol levels were not associated
with age, sex, blood pressure levels, body mass index, smoking,
and diabetes mellitus. Taken together, higher cholesterol levels

in S-HDL and M-HDL are suggested to reduce risk of stroke
beyond the effects of other conventional risk factors. Small
HDL and medium HDL cholesterol levels can be increased by
increasing dietary intake of carbohydrate’ and use of fenofi-
brate.” These nonpharmacological and pharmacological inter-
ventions may increase hepatic triglyceride lipase activity that
promotes the conversion of large HDL particles into small HDL
particles via cholesteryl ester transfer protein.”*
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Mechanisms for HDL subpopulation in protection against
cardiovascular disease are complex and not fully understood.
The ATP-binding cassette transporter Al (ABCA1) mediates
the efflux of cellular cholesterol and phospholipids to lipid-poor
apolipoproteins.®* Because smaller HDL particles contained
phospholipid and more apoA-1 compared with large HDL
particles, they have a larger capacity to remove cholesterol
from membranes of peripheral cells, particularly macrophages
and form cells.? Our result is in line with this mechanism, sup-
porting those subjects with higher cholesterol levels in small
HDL or medium HDL particle subclasses may protect against
atherosclerosis and atherosclerotic cardiovascular disease.
The inverse association between cholesterol levels in smaller
HDL particles and risk of cardiovascular disease was observed
in the Epic-Norfolk prospective population study,® Lopid
Coronary Angiography Trial Study®, and Caerphilly Study.”
The ATP-binding cassette transporter G1 (ABCG1) stimulates
the cholesterol efflux to larger HDL particles® because larger
HDL particles are the preferred acceptor of ABCG1-mediated
cholesterol efflux.? This may explain findings of a previous
study that large HDL particles were inversely associated with
risk of cardiovascular disease, including myocardial infarction
and ischemic stroke in women.!' ABCA1 mediates cholesterol
and phospholipid efflux to lipid-poor apoA-I but not to mature
HDL. ABCGI mediates macrophage cholesterol efflux to
mature HDL, which might explain mechanism of the relation-
ship of HDL to atherosclerosis risk.? However, a study with
mice suggested that both ABCAI and ABCGI contribute to
macrophage reverse cholesterol transport. That study showed
a greater decrease in macrophage reverse cholesterol trans-
port from cells where both ABCA1 and ABCG1 expressions
were knocked down than from ABCG1-knockdown cells.”’
Another study also indicated that ABCA1 may lipidate lipid-
poor apoA-I to generate nascent HDL, which can then act as
acceptor for ABCG1-mediated cholesterol efflux.?®

The present study first showed that cholesterol levels in
smaller HDL particles were inversely associated with risk of
lacunar infarction. The mechanism for a protective effect of
small HDL particles on lacunar infarction is unknown. Anti-
inflammatory effects of smaller HDL particles®® may reduce
risk of lacunar infarction by inhibiting angionecrosis®*' or
microatheroma formation® in cerebral vessels.

An inverse association was found between smaller HDL
cholesterol levels and risk of hemorrhagic stroke, primarily
intraparenchymal hemorrhage. One mechanism to explain
the protective effect of smaller HDL particles might be their
enriched apolipoprotein and enzymes with antioxidative activ-
ities.* Reduced LDL oxidation may contribute to inhibition of
microatheroma formation in small cerebral vessels, 3333+

The strength of the present study is the large number of
strokes confirmed by imaging studies, which allowed inves-
tigation of the association between S-HDL, M-HDL, and
L-HDL cholesterol levels and risk of total stroke and its sub-
types. There are several limitations. First, we used frozen
serum to estimate HDL cholesterol levels and did not examine
long-term changes in HDL cholesterol levels in stored serum
samples. A previous study on frozen storage (~70°C) of serum
samples for up to 7 years showed no significant change in
HDL cholesterol.* Second, the frozen serum samples used in

the present study had been thawed once. However, a previ-
ous study reported that freezing and thawing of HDL have no
effect on HDL particle size.*

In conclusion, the present study showed that cholesterol lev-
els in small HDL and medium HDL particles were inversely
associated with risks of total stroke, either ischemic or hemor-
rhagic stroke, whereas those in large HDL particles were not
associated with risk of total stroke or any subtypes.
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ABSTRACT

Background: We developed a monitoring system that uses total errors (TEs) to evaluate measurement of blood
chemistry data from the National Health and Nutrition Survey (NHNS) and Prefectural Health and Nutrition Surveys

(PHNS).

Methods: Blood chemistry data from the NHNS and PHNS were analyzed by SRL, Inc., a commercial laboratory in
Tokyo, Japan. Using accuracy and precision from external and internal quality controls, TEs were calculated for 14
blood chemistry items during the period 1999—2010. The acceptable range was defined as less than the upper 80%
confidence limit for the median, the unacceptable range as more than twice the cut-off value of the acceptable range,
and the borderline range as the interval between the acceptable and unacceptable ranges.

Results: The TE upper limit for the acceptable and borderline ranges was 5.7% for total cholesterol (mg/dL), 9.9%
for high-density lipoprotein cholesterol (mg/dL), 10.0% for low-density lipoprotein cholesterol (mg/dL), 10.4% for
triglycerides (mg/dL), 6.6% for total protein (g/dL), 7.6% for albumin (g/dL), 10.8% for creatinine (mg/dL), 6.5% for
glucose (mg/dL), 9.7% for y-glutamyl transpeptidase (U/L), 7.7% for uric acid (mg/dL), 8.7% for urea nitrogen
(mg/dL), 9.2% for aspartate aminotransferase (U/L), 9.5% for alanine aminotransferase (U/L), and 6.5% for

hemoglobin Alc (%).

Conclusions: This monitoring system was established to assist health professionals in evaluating the continuity
and comparability of NHNS and PHNS blood chemistry data among survey years and areas and to prevent biased or

incorrect conclusions.

Key words: monitoring system; accuracy; precision; total error

INTRODUCTION

In November every year, the Japanese Ministry of Health,
Labour, and Welfare conducts the National Health and
Nutrition Survey (NHNS) in 300 unit areas. In addition,
some local governments conduct an independent Prefectural
Health and Nutrition Survey (PHNS) of extended samples,
according to the procedures used for the NHNS. All blood
samples collected in the NHNS, and some blood samples
obtained in the PHNS, are analyzed by SRL Inc., a
commercial laboratory in Tokyo, Japan, and measurements
are performed using the same analytic system.

All measurement is subject to error. Errors are not
always constant and can differ by survey year depending on
variations in many factors, including the principles underlying
the method, analytic instruments, reagents, calibrator, medical
technologist, and other laboratory conditions.!? Even if the
external and internal quality controls used at SRL are sound,
measurement errors are inevitable.

The monitoring system described in this study outlines
principles that can be used by physicians and other health
professionals who are interested in the continuity and
comparability among survey years, or in the statistical
results for components of physical examinations, in the
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annual NHNS and PHNS reports. Using these principles,
they can determine by themselves if the results after 2011 can
be used, should be used with care, or cannot be recommended
for use according to the newly established TE criteria, which
are based on external and internal quality controls at SRL
during the 12-year period 1999-2010. The criteria for TEs
were developed for use in monitoring during 2011-2015
but not for evaluating past data. Because the results of
the analysis of collected data are open to the public but
information on analytic errors is not, we hoped to prevent
researchers from reaching biased or incorrect conclusions in
their evaluations.

In 2008, we reported tentative monitoring principles that
could be used to compare blood chemistry data obtained by
the NHNS.? However, after 2008, more PHNS data became
available, to allow for evaluation of local plans in Health
Japan 21. In addition, the number of blood chemistry items in
the NHNS varies and has tended to increase. Finally, the
Metabolic Syndrome-Focused Health Checkups Program* in
Japan began throughout the country in 2008. Due to these
developments, we decided to revise the 2008 monitoring
system.

METHODS

Blood chemistry items

In this study, 14 blood chemistry items (method, unit of
measure at SRL) were evaluated: total cholesterol (TC)
(enzymatic, mg/dL), high-density lipoprotein cholesterol
(HDL-C) (homogeneous, mg/dL), low-density lipoprotein
cholesterol (LDL-C) (homogeneous, mg/dL), triglycerides
(enzymatic, mg/dL), total protein (Biuret, g/dL), albumin
(bromcresol green, g/dL), creatinine (enzymatic, mg/dL),
glucose (enzymatic, mg/dL), y-glutamyl transpeptidase (y-
GT, y-GTP) (Japanese Committee for Clinical Laboratory
Standards [JSCC] recommended method, U/L), uric acid
(enzymatic, mg/dL), urea nitrogen ({enzymatic, mg/dL),
aspartate  aminotransferase (AST, GOT) Jscc
recommended, U/L), alanine aminotransferase (ALT, GPT)
(JSCC recommended, U/L), and hemoglobin Alc (HbAlc)
(latex agglutination-turbidimetric immunoassay [LA], %).

External and internal quality control

SRL participates in the External Quality Assessment of
Clinical Laboratories (EQACL) program of the Japan Medical
Association (JMA)® and the Lipid Standardization Program
of the US Centers for Disease Control and Prevention/
Cholesterol Reference Method Laboratory Network (CDC/
CRMLN). SRL also has an internal quality control system that
uses 2 concentrations of quality-control materials.

Accuracy
Regarding accuracy (%bias) in Table 2, the evaluation method
described in the 2010 annual report on EQACL by the JMA>

was as follows: (1) values that deviate by 3 SDs or more from
the center are removed, the mean and SD are obtained
according to the measurement method used by the laboratories
that participated in the survey, and the coefficient of variation
(CV) is calculated according to the measurement method; (2)
measurement methods are arranged in order of increasing CV;
(3) measurement methods with a high rank in at least 80%
of laboratories are selected; (4) the mean of data from
laboratories using the measurement methods selected in the
previous step is calculated, 1-way analysis of variance is used
to calculate intra-method variation (expressed as SD), and a
common CV is obtained; and (5) the common CV is corrected
for the report unit width and a corrected common CV is
obtained. Using both the adjusted mean obtained from this
iterative truncation method and measurement values obtained
by SRL, %bias according to samples was calculated and the
mean of multiple %bias (accuracy) was calculated as an index
of systematic error.

Precision

Regarding precision (CV%) in Table 2, SD described in the
EQACL represents dispersion in all participants, not the
precision of measurement by SRL. Therefore, we were given
data on the assayed values for 2 concentrations of internal
quality control sera that were collected during a 1-month
period, including values in November every year, randomly
sampled 1 measurement value/day (n=1) for 20 days, after
which we calculated CV from the mean value and SD as an
index of random error.”

Total error and relevant criteria

Subsequently, TE was calculated from accuracy and precision.
Regarding total error (%) in Table 2, the equation used was
“accuracy (absolute value of %bias) -+ precision (1.96 x CV)”,
which is used by the US National Cholesterol Education
Program (NCEP) and the Lipid Standardization Program by
CDC/CRMLN.® The acceptable range of TE for each blood
chemistry item was defined as less than the upper 80%
confidence limit for the median of the 12-year period, as
calculated by the nonparametric Bootstrap method (BC,
method).*!% Bootstrap method analyses were conducted
using SAS, version 13 (SAS Institute, Inc., Cary, NC,
USA). The unacceptable range was defined as more than
twice the cut-off value of the acceptable range, based on
evaluation criteria adopted by the US College of American
Pathologists (CAP).!! The interval between the acceptable and
unacceptable ranges was classified as the borderline range.
Thus, using these TE criteria, we have created a 3-level
assessment of test performance.

Use in evaluating performance in 2011

We collected the results of EQACL evaluations and SRL
internal quality control data in 2011 and attempted to evaluate
SRL test performance in 2011 using the proposed TE criteria.

J Epidemiol 2013;23(1):28-34
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Table 1. A | changes in numbers of yed samples and blood chemistry items in the National Health and Nutrition Survey
in Japan
Analyte Year A;?plication
1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2071

No. of assayed samples 5492 5743 5592 5413 5327 3921 3877 4319 4020 4517 4300 3930 3515
Total cholesterol o <] o o o o <] o o o o o o
HDL cholesterol o <] o o o o o o o o o o o

LDL cholesterol — — —_ — o o —_ o o o o o
Triglycerides o o o o o o o o o o o o o
Total protein o o o o ) o a o o o o o o
Albumin — — —_ — o o o ° o o o o o
Creatinine — o e - — — —- . o o o o
Glucose a o o o o o o o o o o o o
v-GT (y-GTP) —_ ° — — — —_ —_ — —_— o o

Uric acid —_ o — — — — — — — — —_ o o
Urea nitrogen — o — — — —_ —_ —_ — — — — —_
AST (GOT) —_ — — — — —_ — — — —_— — ° o
ALT (GPT) — - — — — — — — - — — o o
HbA1c —_ — —_ o o o ° o o o [} <] o

White circles show biood chemistry items assayed in the corresponding year.
Abbreviations: HDL, high-density lipoprotein; LDL, low-density lipoprotein; y-GT (y-GTP), y-glutamyl transpeptidase; AST (GOT), aspartate
aminotransferase; ALT (GPT), alanine aminotransferase; HbA1c, hemoglobin A1c.

Criteria for CDC/CRMLN lipid standardization

To evaluate lipid measurement, the following NCEP criteria
were used: TC—accuracy within 3% of target value for CDC/
CRMLN reference measurement procedure, precision as CV
of 3% or less, and TE of 9% or less; HDL-C—accuracy within
5% of target value, precision as CV 4% or less, and TE of
13% or less; LDL-C—accuracy within 4% of target value,
précision as CV of 4% or less, and TE of 12% or less.?

Implementation survey for PHNS

In 2007, our study group surveyed prefectural governments
regarding implementation of their PHNS, including dietary
intake surveys and blood examination, and collected
additional data on the number of blood samples they
entrusted to SRL for analysis in 2011.13

RESULTS

Table 1 shows annual changes in blood chemistry items
measured and number of analyzed NHNS samples assayed at
SRL during 1999-2010. Items measured every year since
1999 were TC, HDL-C, triglycerides, total protein, and
glucose. LDL-C, albumin, creatinine, and HbAlc were
recently added to these 5 items. Other items, such as y-GT
(y-GTP), uric acid, urea nitrogen, AST (GOT), and ALT
(GPT), have been measured infrequently. The average number
of assayed samples in the NHNS was 4704 during 1999-2010.

Table 2 shows measurement performance at SRL, based on
the EQACL of the JMA. On the basis of these calculations,
criteria for acceptable, borderline, and unacceptable ranges
were established, as shown in the column labeled Proposed
TE Criteria.'” The upper limit of TE in the new acceptable and

J Epidemiol 2013;23(1):28-34

borderline ranges for each item was 5.7% for TC, 9.9% for
HDL-C, 10.0% for LDL-C, 10.4% for triglycerides, 6.6% for
total protein, 7.6% for albumin, 10.8% for creatinine, 6.5% for
glucose, 9.7% for y-GT (y-GTP), 7.7% for uric acid, 8.7% for
urea nitrogen, 9.2% for AST (GOT), 9.5% for ALT (GPT),
and 6.5% for HbA,c. Concerning the acceptable TE range,
50% of the evaluation limits (1 side) of the CAP evaluation
criteria, which are widely used worldwide, was adopted and
is shown as a reference in the column labeled CAP TE in
Table 2."' TE criteria for HbA ¢ were not established in the
CAP survey. Although the acceptable range for y-GT (y-GTP)
is expressed as SD in the CAP evaluation criteria, 7.5% was
used as the corresponding value.

A 2007 implementation survey showed that 25 (53.2%) of
the 47 prefectures in Japan independently performed blood
examinations. Blood examinations were entrusted to SRL by
21 of the 25 prefectures and to a local laboratory by the other
4. A total of 15096 samples from the 21 prefectures were
analyzed by SRL. This number was 3.2 times the mean
sample number (4704) of the NHNS (Table 1). Additionally,
according to the 2011 survey, 20 (42.6%) of the 47 prefectures
performed blood examinations.

Blood examinations were entrusted to SRL by 15 of the 20
prefectures and to a local laboratory by the other 5. A total of
7063 samples from the 15 prefectures were analyzed by SRL.
This number was 1.5 times the average sample number of
the NHNS (Table 1). The survey of the current situation
in each prefecture was not conducted systematically, and
measurement items are different for each prefecture.

In 2011, urea nitrogen was not assayed in the NHNS or
PHNS; thus, there was a total of 13 items. When TE was
calculated for each SRL item in 2011 to establish proposed TE

Table 2. SRL performance based on JMA external quality assessment and SRL internal quality control system (unit, %)

Application to new data

Proposed TE Criteria

Measurement performance by SRL during observation period

(For

CAP TE

Evaluation by

Median Performance

(LL, UL of 80% CL)

Year

proposed
TE criteria in 2011

Criterla

in 2011

2002 2003 2004 2005 2006 2007 2008 2009 2010

2001

Performance

Analyte

1999 2000

0.19

~0.32 (~0.74, 0.04)

-0.66

5.0

acceplable

2957 25.8

<29

1.1(09, 1.3)

27(25.29)
~0.26 (~0.79, -0.08)

7
0
68

0.
2
-0,

15.0

Bordertine

210.0

5.0-9.9

<5.0

-0.48 027

0.19

Total cholesterol  Accuracy (%bias)

Precision (CV%)
Total Error (%)

. HDL cholesterol  Accuracy (%bias)

24

Precision (CV%)
Total Error (%)

LDL cholesterol  Accuracy (%bias)

63

Q0.

1.23)
7

15.0

acceptable

©

210.1

5.0-10.0

<5.0

125

acceptable

3)

<5.3 5.3-104 2105

3)

Precision (CV%)
Total Error (%}

21
3

3.
1

.

0.06)

5.0

Borderline

<34 34-6.6 26.7

4)

-1.14 0486 0.03 (-0.52, 0.28)

-0.28

Accuracy (%bias)
Precision (CV%)
Total Error (%)

Triglycerides

Accuracy (%bias)
Precision (CV%)

Total Error (%)

“Total protein

Accuracy (%bias)

Albumin
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low-density lipoprotein; y-GT (y-GTP), v-glutamyl transpeptidase; AST (GOT), aspartate aminotransferase; ALT (GPT), alanine aminotransferase; HbA1c, hemoglobin Atc.

Abbreviations: JMA, Japan Medical Association; CAP, College of American Pathologists; TE, total error; LL, lower limit; UL, upper limit; CL, confidence i

Precision as an index of random error is expressed as CV calculated from SRL internal quality control data.

Accuracy as an index of systematic error is expressed as %bias calculated based on JMA criteria.
Total error is calculated as the sum of accuracy and precision, ie, absolute value of %bias + 1.96 x CV.

ALT (GPT)
HbAc
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Table 3. SRL performance based on CDC/CRMLN Lipid Standardization Program (unit, %)

cbC

Year

Analyte Performance Criteria
1999 2000 2001 2002

Average SD

2003 2004 2005 2006 2007 2008 2009 2010

Total cholesterol Accuracy (%bias) £3.0 0.00 -130 000 -0.80
Precision (CV%) 30 05 0.6 06 0.5
Total Error (%) 8.0 1.0 25 1.2 1.9

HDL cholesterol Accuracy (%bias) 5.0 0.70 0.70  2.00 2.00
Precision (CV%) 4.0 1.0 1.0 1.3 1.3
Total Error (%) 13.0 27 27 48 46

LDL cholesterol Accuracy (%bias) +4.0 -0.60
Precision (CV%) 4.0 1.2
Total Error (%) 12.0 3.0

0.3
0.5
1.3
1.0
17
4.4

0 -0.10 -080 -0.90 -0.90 -0.30 -0.50 0.10 -045 0.52
0.6 04 0.4 0.4 0.5 04 03 048 010
14 17 1.7 1.7 1.3 1.3 08 1.48 045
0 100 120 120 120 -100 000 0.00 0.83 0.85
17 11 1.1 1.1 1.0 0.7 0.7 1.14 032
4.4 3.4 3.4 3.4 3.0 14 14 328 112

~-060 =-070 -070 030 030 170 -140 -140 -0.34 098

1.2
3.0

0.7 0.7 0.4 0.4 0.6 0.6 0.6 071 030
24 21 14 1.1 29 26 26 228 075

Accuracy as an index of systematic error is expressed as %bias calculated based on CDC criteria.

Precision as an index of random error is expressed as CV calculated based on lipid standardization criteria of CDC.

Total error is calculated as the sum of accuracy and precision, ie, absolute value of %bias + 1.96 x CV.

Abbreviations: CDC, Centers for Disease Control and Prevention; CRMLN, Cholesterol Reference Method Laboratory Network; HDL, high-density

lipoprotein; LDL, low-density lipoprotein.

criteria, the evaluation was acceptable for 7 items (53.8%)
—TC, LDL-C, triglycerides, glucose, y-GT (y-GTP), uric acid,
and AST (GOT)—and borderline for 6 items (46.2%), namely,
HDL-C, total protein, albumin, creatinine, ALT (GPT), and
HbA,c. No item was evaluated as unacceptable (Table 2).

Table 3 shows the measurement performance of SRL for
TC, HDL-C, and LDL-C, based on the criteria of the
Lipid Standardization Program by CDC/CRMLN. In each
standardization year, performance satisfied the CDC/CRMLN
criteria for clinical laboratories.

DISCUSSION

In standardization—the most advanced system of quality
control assessment—target values are obtained by using
globally accepted definitive or reference measurement
procedures. However, in the EQACL, measurement values
are collected from all participants and, after statistical analysis,
adjusted mean values are obtained and used as an index of
accuracy. A similar data processing method is used in external
quality control assurance programs in Western countries.'®'®
This method statistically excludes extreme outliers and
misreports, which improves the reliability of adjusted mean
values as indices of accuracy. Such adjusted means do not
represent physicochemical accuracy, as such, but are often
used for practical purposes as consensus values in clinical
surveys. Consensus values are often used as a substitute for
accuracy when there is no established reference method, or
when a reference method exists but is not used due to its
complexity or technical difficulty. In this respect, we have no
objection to the use of consensus values at many laboratories,
such as those derived from approximately 3000 participants in
the EQACL of the IMA.®

The sources of error in measured values include changes in:
the underlying principles of the measurement method, analytic
devices, sample status (fresh, frozen), reagents or reagent
reactivity, calibrators and their value assignments, the skill of
analytical technologists, and other laboratory conditions.!>5%
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Measurement error can result in clinical examination-derived
discontinuities with previously obtained results in surveys
(such as retrospective case-control studies), which could
markedly affect annual follow-up. In this study, we conducted
detailed follow-up surveys of these factors to avoid
discontinuities derived from clinical examinations. A
disadvantage of using the mean value of an external quality
assessment as an index of accuracy is that the method
routinely used during each period has a direct influence on
measurement values. For example, when an analytic method
based on new measurement principles is developed and
adopted at clinical laboratories, due to convenience and/or
cost and time savings, changes in mean value are sometimes
observed along with analytic errors.

Case 1: The routine analytic method for HDL-C changed
from a precipitation method using polyanions and cations to a
homogeneous method using detergent or surfactant. The new
method has been adopted by many laboratories, and age-
related changes in mean HDL-C values have been reported
since the switch. In this former case, changes in mean HDL-C
values were observed and, as a consequence, analytic errors
change.'6-1?

Case 2: There has been increasing demand for more-precise
creatinine analysis for people with diabetes mellitus and renal
disorders, and the calibrator is changing from the old, water-
soluble standard to a new serum-based reference material
with high accuracy, as confirmed by gas chromatography/
isotope dilution/mass spectrometry. Additionally, in many
laboratories the creatinine method has changed from the
classic Jaffe method to newly developed enzymatic methods.
Changes in mean creatinine values have been observed with
these new methods and, inevitably, analytic errors also
change. 202!

The survey protocol agreed by the Ministry of Health,
Labour, and Welfare in Japan and SRL stipulates that the same
analytic system for the NHNS (BioMajesty 8060 device
No. 1, JEOL Ltd.; installed in the SRL Medical Ultimate
Quality Service [MUQS] Laboratory) should also be used for
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blood examinations that are independently entrusted by
prefectures to SRL. This protocol allows PHNS and NHNS
results to be monitored in the same manner and permits PHNS
data to be added to NHNS. The sample numbers of the PHNS
are generally larger than those of the NHNS. However,
there are 2 limitations in the use of PHNS data: the measured
items differ according to prefecture, and it is possible that
the analytic laboratory was changed from SRL to a local
laboratory or from a local laboratory to SRL. Therefore,
before using PHNS results as additional data, the laboratory
responsible for the results should be confirmed. In this study,
only samples measured by SRL were included.

In this study, on the basis of quality control results, target
TE values for the subsequent 5 years were determined.
Specifically, the acceptable limit was defined as the upper
80% confidence limit of TE. TE values above this limit were
considered to be in the borderline or unacceptable range, and
a caution was issued. The probability of including borderline
or unacceptable ranges using these target values remains at
10% even if performance remains equal to that during the
previous 12-year period. Assuming annual improvements
in performance, approximately 50% of TE values in the
subsequent 5-year period are expected to be within the
acceptable range. In quality control, there are no absolute
criteria for quality, and quality is improved by daily efforts to
repeatedly establish and meet criteria. Our monitoring system
uses past data to establish target values for a subsequent 5-
year period, and adjustments are made by revising target
values at 5-year intervals. The system is thus compatible with
the idea of quality control. The TE limit for the acceptable
and borderline ranges was established for monitoring during
2011-2015, not for its application to past data. Application
to the year 2011 (Table 2) confirms the suitability of the
proposed TE criteria. When TE falls within the acceptable
or borderline ranges, annual continuity and comparability of
survey results can be regarded as satisfactory. However,
when TE falls within the unacceptable range, measurement
values should be used with caution.

Precision is an index of the reproducibility of measurement
values obtained by a laboratory. In this study, since TE was
calculated using an equation, CV was limited to a singlicate
value (n=1) in internal quality control sera for 20 days.
CV was calculated from 2 types of commercially available
internal quality control serum in SRL. However, if there was a
difference of 10% or more in CV between the concentrations
of internal quality control materials, the higher CV was used.”

In lipid standardization by CDC/CRMLN,'? the accuracy,
precision, and TE for SRL measurements of TC, HDL-C, and
LDL-C met CDC criteria (Table 3) for clinical laboratory use.
Therefore, concerning these 3 lipid items, all results in the
NHNS and the results in some PHNS can be compared with
results in Western countries. However, only results obtained
during the previous 9-year period are available for LDL-C,
and it is desirable to use these results as a reference.

In conclusion, we used TE criteria to develop a revised
3-level assessment of test performance and evaluated the
continuity and comparability of 14 blood chemistry items
assayed at SRL for the NHNS and PHNS in Japan. To further
improve reliability, TE performance criteria should be updated
every 5 years.
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The evidence for the impact of saturated fat intake on cardiovascular disease remains inconsistent.
One reason for this inconsistency may be the large difference in the distribution of saturated fat
intake between the East and West. In this review, we focus on the published literature on this topic
among Japanese population. Three studies have examined the link between saturated fat intake and
intraparenchymal hemorrhage, consistently showing an inverse association. However, the association
for ischemic stroke is less clear, although it is generally inverse. As for myocardial infarction, the find-
ings in Japanese studies are inconsistent, as are those of Western studies. The JPHC study, however,
found a positive association, the first report in Asia. Taken together with the results of the JPHC and
Western studies, a saturated fat intake of around 20 g/day (approximately 10% of total energy) may
be optimal, which corresponds to 200 g of milk a day and 150 g of meat every other day.
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The amount of dietary intake of saturated fatty
acids is an important determinant of the blood choles-
terol level ?. Correspondingly, a high blood choles-
terol level raises the risk of myocardial infarction?.
Some studies, mainly from Western countries, have
shown that high cholesterol levels are also associated
with an increased risk of ischemic stroke®. The ‘lower
the better’ cholesterol hypothesis was subsequently
accepted and quickly spread nationwide in Japan,
although the Seven Countries Study showed that the
association between blood cholesterol and mortality
from coronary hearr disease is prominent only among
populations with high blood cholesterol levels, such as
in Northern Europe and the United States, and not
among populations with low blood cholesterol levels,
such as in Japan®. This hypothesis has also been
applied to stroke, although the epidemiological evi-
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dence is lacking.

On the other hand, Yoshio Komachi, a pioneer
Japanese cardiovascular epidemiologist, observed a far
higher incidence of intraparenchymal hemorrhage in
Akita, in northeastern Japan, where the population
cholesterol levels were very low in the era of the 1960-
70’s, compared with that observed among Osaka resi-
dents, whose cholesterol levels were relatively high.
He observed that the lifestyles of the Akita people at
that time were characterized by the consumption of
traditional Japanese foods, including a large amount
of rice and salt and a small amount of animal prod-
ucts, as well as heavy agricultural work. In general,
among the traditional Akita farmers, lean, poor-look-
ing middle-aged men suffered from stroke. Based on
this observation, Komachi hypothesized that the asso-
ciation between the blood cholesterol level and cardio-
vascular disease may not be linear and that a very low
cholesterol level also has an adverse effect on the inci-
dence of stroke.

This hypothesis has long been under debate and
became widely familiar in 1989 according to the
results of a cohort study in Akita (presently a part of
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Table 1. Summary of Japanese studies regarding saturated fat intake and cardiovascular disease

Median values of saturated fac

in each category

Hazard ratio
Study Population Events  Endpoint  Category Lowest Highest (95%CI) of high?sr Reference
caregory awgory lowest categories
(g/d) (g/d)
Intraparenchymal hemorrage
CIRCS 4,775 67  Incidence  Quartiles 5 17 0.30 (0.12-0.71) Iso H, et al., 2003'2.
JacC 58,453 224 Moraliy  Quintiles 9 20 0.48 (0.27-0.85)  Yamagishi K, et al., 2010%
JPHC 81,931 894 Incidence  Quintiles 10 25 0.61 (0.43-0.86)  Yamagishi K, et al,, 20139
Ischemic stroke
Shibata Study 2,283 75  Incidence  Quartiles 7 15 0.68 (0.21-2.26) Seino E eral., 1997
LSS 3,731 60 Morwlity  Tiriles 7 21 0.58 (0.28-1.20) Sauvaget C, eral., 20049,
JACC 58,453 321 Mortality  Quintiles 9 20 0.58(0.37-0.90)  Yamagishi K, ecal,, 2010™.
JPHC 81,931 1,939 Incidence  Quintiles 10 25 0.84 (0.67-1.06)  Yamagishi K, etal,, 2013
Myocardial infarction
JACC 58,453 330 Mortality  Quinciles 9 20 0.85 (0.56-1.29) Yamagishi K, et al., 2010'%.
JPHC 81,931 610 Incidence  Quintiles 10 25 1.39(0.93-2.08)  Yamagishi K, et al,, 2013'.
NIPPON DATA90 7,819 72 Morality  Quintiles 1.2-47%E 7.0-13.0%E M0.92(0.73-1.16)  Nakamura Y, ecal. 20137,

14-52%E 7.7-13.8 %E F 1.34 (1.02-1.74)

ClI stands for confidence interval, %E for percent energy, M for male, F for female.

the Circulatory Risk in Communities Study, CIRCS)?”
and a cohort study in the United States (Multiple Risk
Factor Intervention Trial, MRFIT)?, which indepen-
dently showed an inverse association between a low
total cholesterol level and the risk of intraparenchymal
hemorthage. As a result of these reports, the National
Heart, Lung and Blood Insticute (NHLBI) held an
international conference on low blood cholesterol in
1990 to review and discuss existing data on the
U-shaped relationship between the total cholesterol
level and cardiovascular disease collected from cohort
studies worldwide®. Since then, the inverse associa-
tion between the total or low-density lipoprotein
(LDL) cholesterol levels and intraparenchymal hemor-
thage has been repeatedly replicated in meta-analyses
and cohort studies®.

A similar hypothesis was recently tested with
respect to the association between saturated fat intake
and the risk of cardiovascular disease. Several studies
have found a positive association between saturated fat
intake and myocardial infarction, and the new Japa-
nese guidelines recommend a dietary pattern involving
<7% energy from saturated fat”, although the posi-
tive association is not clear in meta-analyses'® '), As
for cerebral infarction, some studies have demon-
strated an inverse association, while others have shown
null associations'?. In contrast, most studies have

documented an inverse association between saturated
fat intake and the risk of intraparenchymal hemor-
rhage'".

However, considering that the range of saturated
fat intake is significantly different between Western
countries and Asia, it is inappropriate to directly apply
the results of these meta-analyses to Japan, as they
include many Western studies. Therefore, we focused
on six cohort studies of Japanese population'*'”. A
summary of these studies is presented in Table 1.

In the CIRCS, the authors followed up 4,775
residents in Akita, Ibaraki, Osaka and Kochi for 14
years and found a strong inverse association between
the level of saturated fat intake estimated according to
the 24-hour dietary recall method and the risk of
intraparenchymal hemorrhage'”. In addition, the
authors compared these results with those of the
Nurses’ Health Study (NHS)' and found a similar
inverse association, although the range of saturated fat
intake was far different between the two studies. That
is, the median value of saturated fat intake in the
highest category of the CIRCS was 17 g/day, while
that in the lowest category of the NHS was 20 g/day,
indicating the absence of overlap in the distribution of
saturated fat intake between the two populations.

In the Shibata Study' and Life Span Study
(LSS)!, albeir statistically non-significant, an inverse
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Fig 1. Comparison of the association between the proportion of saturated fat relative to the total energy intake and the crude inci-
dence/mortality rates (per 100,000 person-years) of intraparenchymal hemorrhage (Panel A), ischemic stroke (Panel B) and

coronary heart disease/myocardial infarction (Panel C)

NHS: Nurses’ Health Study'?, ages 34-59, women only, US; HPFS: Health Professional Follow-up Study' 9, ages 40-75, men only, US;
CIRCS: Circulatory Risk in Communities Study'?, ages 40-69, men:women=48:52, Japan; JPHC; Japan Public Health Center-based Pro-
spective Study'®, ages 45-74, men:women=46:54, Japan; JACC; Japan Collaborative Cohort Study'?, ages 40-79, men:women=39:61,
Japan; LSS: Life Span Study', ages 35-89, men:women =38:62, Japan; ATBC: Alpha-Tocopherol, Beta-Carotene Cancer Prevention Study®?,
ages 50-69, male smokers only, Finland; SHS: Strong Heart Study?", ages 47-79, men:women=36:64, US. The JACC and LSS were mortal-
ity studies, the other studies were incidence studies. The ATBC was an intervention study for male smokers. Note that the characteristics of
the study population (e.g., age range, gender proportion) varied in each study.

association was observed between saturated fat intake
and the incidence or mortality of ischemic stroke. In
the Japan Collaborative Cohort (JACC) Study, a
strong inverse association was noted between saturated
fat intake and mortality from both ischemic stroke
and intraparenchymal hemorrhage'.

In the Japan Public Health Center-based Prospec-
tive Study (JPHC Study), a large community-based
cohort of 81,931 Japanese men and women, we found
an inverse association between saturated fat intake and
the risk of incident intraparenchymal hemorrhage and
ischemic stroke; the hazard ratio [95% confidence

interval] for the highest quintile (around 24.9 g/day)
versus the Jowest quintile (around 9.6 g/day) was 0.61
([0.43-0.86), p for trend =0.005) for intraparenchy-
mal hemorrhage and 0.84 ([0.67-1.06], p=0.08) for
ischemic stroke ™. These associations were more prom-
inent for lesions in perforating artery areas (i.e., cases
of deep intraparenchymal hemorrhage and lacunar
infarction). In contrast, we found a positive associa-
tion berween saturated fat intake and myocardial
infarction (hazard ratio [confidence interval]=1.39
[0.93-2.08] for the highest versus lowest quintiles, p
for trend=0.046), the first epidemiological observa-
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tion in Asia. A similar positive association was also
identified among women in the NIPPON DATA90
study'?.

The distribution of saturated far intake in the
Japanese population is significantly lower than that
observed in the US or European populations, and the
profile of cardiovascular disease differs among these
groups. The differential rates of stroke and myocardial
infarction observed between Asian and Western coun-
tries may be explained partly (but not completely) by
the difference in saturated fat intake. In the JPHC
paper'?, we plotted the absolute amount of saturated
fat intake and the crude incidence or mortality of
intraparenchymal hemorrhage, ischemic stroke and
coronary heart disease based on the published litera-
ture. In Fig.1 in the present paper, we plotted the
proportion of saturated far relative to the total energy
intake instead of the absolute amount based on the
published literature!? 16 1822 Consequently, there
appears to be a threshold for saturated fat intake of
around 7.5% to 10% of the total energy for the
inverse relationship between saturated fat intake and
the risk of stroke, especially with respect to intraparen-
chymal hemorrhage, consistent with that observed for
the absolute amount of energy (15 to 20 g/day assum-
ing a total energy intake of 1,800 kcal)'®. As shown in
the table, the distribution of saturated fat intake
among Japanese is around 7 g (3.5% energy) t0 20 g
(10% energy). To date, the inverse association has
only been confirmed in this distribution, and there is
no evidence of a beneficial impact of a saturated fat
intake of >20 g/day in Japan, a level above which the
risk of myocardial infarction may begin to increase,
taken together with the results of the JPHC and West-
ern studies. These observations suggest that a saturated
fat intake of around 20 g/day may be optimal,
although this finding should be confirmed in meta-
analyses. An example of 20 g of saturated fat is the
consumption of 200 g of milk a day and 150 g of
meat every other day.
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