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Editorial Comment

The mutual exacerbation of decreased kidney function

and hypertension

Yoshihiro Kokubo

ypertension is the strongest risk factors for cardio-
H vascular disease worldwide [1,2]. The total popu-

lation-attributable  fractions of higher blood
pressure for cardiovascular disease have been estimated
as approximately 50% in men and 30% in women [3]. When
high blood pressure levels and other risk factors, such as
diabetes mellitus [4] or chronic kidney disease (CKD) [5], are
combined, the risk of cardiovascular disease becomes
much higher. The prevention of hypertension is the best
way to prevent cardiovascular disease.

Recently, CKD has become a major public health prob-
lem and a risk factor for stroke and coronary heart disease
[6]. In end-stage renal disease, the cardiovascular disease
mortality rate is more than 10 times as high as that in the
general population [7]. In asymptomatic general popu-
lations or outpatients, a severely or moderately decreased
glomerular filtration rate (GFR) has been shown by most
studies to be an independent risk factor for stroke and
coronary heart disease [6]. Some studies have shown CKD
as an independent risk factor for cardiovascular disease in
low-risk or general population [5,8,9]. It is extremely
important for the prevention of stroke that we maintain
patients’ renal function.

Reduced renal function is associated with increased
levels of inflammatory factors [10,11], abnormal apolipo-
protein levels [10], elevated plasma homocysteine [10],
enhanced coagulability [11], anemia, left ventricular hyper-
trophy, increased arterial calcification, endothelial dysfunc-
tion, and arterial stiffness [12]. These factors may contribute
to elevated blood pressure.

In prospective cohort studies, hypertension has been
shown to be a risk factor for end-stage renal disease in both
men and women [13,14]. The Multiple Risk Factor Inter-
vention Trial study showed that elevations of blood
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pressure are a strong independent risk factor for end-stage
renal disease [14]. Compared with optimal blood pressure,
hypertension is a risk factor for end-stage renal disease,
with adjusted relative risks (95% confidence intervals) for
stages 1—4 hypertension of 3.1 (2.3—4.3), 6.0 (4.3-8.4), 11.2
(7.7-16.2), and 22.1 (14.2-34.3), respectively. Hyperten-
sive patients (BP > 160/95 mm Hg) have a five-fold greater
decline in GFR (2.7 ml/min per 1.73 m*/year), compared
with patients with BP less than 140/90 mm Hg [15]. The
Second Manifestations of Arterial Disease study shows that
in the presence of albuminuria, higher blood pressure was
associated with a greater GFR decrease (=3.86, 95%
confidence intervals, 2.34-5.38 for hypertension presence)
by a prospective vascular patients study [16]. In addition,
the Systolic Hypertension in the Elderly Program study
shows that the adjusted relative risk (95% confidence inter-
vals) associated with the highest (>175 mmHg) compared
with the lowest quartile (158—163 mm Hg) of SBP was 2.44
(1.67-3.56) for decline in kidney function [17]. Higher
blood pressure is a risk factor for decline in kidney function.

There is no original article on the association between
decreasing GFR and incident hypertension in general popu-
lation. In this issue of the journal of Hypertension, Takase
et al. [18] studied whether GFR can predict incident hyper-
tension in a normotensive general population (7= 7684).
During the follow-up period (30 624 person-years), hyper-
tension developed in 2031 participants (66.3 per 1000
person-years). The multivariable-adjusted hazard ratio of
incident hypertension in the highest tertile (4.4—~76.1ml/
min per 1.73 m?) was 1.40 (95% confidence intervals 1.26—
1.57) compared with the first tertile. A reduction in GFR of
10 ml/min per 1.73 m” was associated with an 11% increase
in risk for incident hypertension. In addition, they inves-
tigated the impact of baseline GFR on yearly increases in
SBP. The yearly increase in SBP significantly accelerated
with a decreasing baseline GFR (P < 0.01). A reduction in
GFR is a novel predictor of the onset of hypertension in a
normotensive general population. Recently, the Suita Study
has shown that CKD in the high—normal blood pressure
category at the baseline survey was a risk factor for incident
hypertension (multivariable-adjusted hazard ratio=1.41)
[191.

A higher level of blood pressure decreases renal func-
tion, and a decreased GFR raises blood pressure. In other
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words, increases in blood pressure and the decreases of
renal function exacerbate each other. In the Suita Study, the
risk of cardiovascular disease was higher in CKD patients
with normal and high—normal blood pressure than in non-
CKD individuals in the same blood pressure categories. In
order to prevent cardiovascular disease, control of both
blood pressure and renal function are important.
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EDITORIAL

Weight Reduction in Primary Care

— Comprehensive Dietary Counseling and the Use
of Healthy Delivered “Bento (Lunch Boxes)” —
Yoshihiro Kokubo, MD, PhD

dramatically increasing prevalence of obesity has been

A observed worldwide in recent decades.!* Obesity is
a risk factor for cardiovascular risk factors, such as
hypertension, type 2 diabetes mellitus, and hyperlipidemia,**
and as a consequence, obese persons have an increased risk of
atherosclerosis,” stroke,? ischemic heart disease,’ heart failure,®
and mortality.” To prevent cardiovascular disease, obese per-
sons must make lifestyle modifications to reduce their weight

properly.

Article p1338

The behavior targets for obesity prevention are focused on
healthy diet and physical activity.'® The healthy diet consists
of eating a lot of fruits, vegetables, whole grains, and nuts;
limiting calories from added sugars, solid fats, and alcohol; and
regulating energy intake rather than eating until the plate is
empty. According to the Practical Guide — Identification, Eval-
uation, and Treatment of Overweight and Obesity in Adults,
successful weight reduction requires paying particular atten-
tion to the following topics: choosing a balanced diet compris-
ing fats, carbohydrates, and proteins; evaluating nutrition la-
bels to determine caloric content and food composition; giving
priority to low-calorie foods; avoiding high-calorie ingredients
during cooking (eg, fats and oils); avoiding overconsumption
of high-calorie foods (high-fat and high-carbohydrate foods);
drinking an adequate amount of water; reducing portion sizes;
and limiting alcohol consumption.!! In general, healthcare pro-
viders, especially physicians, nurses, and/or dietitians, conduct
counseling for the prevention of obesity. There are 3 worth-
while reasons for talking to obese persons about lifestyle mod-
ification: (1) participants will understand that a healthy lifestyle
is important; (2) an interview about current lifestyle habits
opens the door to modifying these habits; and (3) patients may
be more responsive to lifestyle modifications when the advice
comes from a healthcare provider.*

Recently, a randomized controlled trial, the Practice-based
Opportunities for Weight Reduction (POWER) trial, was per-
formed to determine the effectiveness of 2 behavioral weight
loss interventions. The target population consisted of obese
adults (=21 years of age) who had one or more cardiovascu-
lar risk factors. The first intervention provided patients with
weight-loss support remotely by telephone, a study-specific

Web site, and e-mail (remote support only group), and the
other intervention provided in-person support during group and
individual sessions, along with the 3 remote means of support
(in-person support group). There was also a control group in
which weight loss was self-directed (control group). The mean
change in weight from baseline was significantly decreased
by —4.6kg and —5.1kg in the group receiving remote support
only and the in-person support group, respectively, compared
with —0.8kg in the control group.** Participants with obesity
achieved and sustained clinically significant weight reduction
over | year in the in-person support and in the remote support
only group, where information was delivered remotely without
face-to-face contact between participants and weight loss coun-
selors for 2 years. Now that remote support coaching for
weight-loss outcomes is similar to that of in-person visits, the
use of mobile technologies to deliver behavioral weight-loss
treatment appears to be useful in primary care. However, re-
gardless of the amount of weight lost, it is challenging to
maintain weight reduction for many years. Help with maintain-
ing weight loss in the long term may be necessary.

There have been many previous clinical trials of calorie-
restricted diets or formula food for weight loss, but there have
been few original articles about the combination of delivered
meals and dietary counseling in patients with hypertension
and/or type 2 diabetes mellitus as an intervention study.'*!
Troyer et al conducted a 1-year randomized controlled trial
with 298 persons, among whom 50% received 7 Dietary Ap-
proach to Stop Hypertension (DASH) meals per week for 1
year. The DASH meals were found to increase compliance
with dietary recommendations among noncompliant older
adults with cardiovascular disease.”® However, in that study,
meals were not delivered daily to each individual’s house.
Individual meal delivery may be simpler and result in greater
weight loss.

In a related work that appears in this issue of the Journal,
Noda et al studied the effects of dietary counseling by regis-
tered dietitians and the use of delivered correctly calorie-con-
trolled meals.'s They recruited 200 patients with hypertension
and/or type 2 diabetes mellitus who were randomly divided
into 2 groups, with and without dietary counseling, and con-
sumption of an ordinary diet for 1 month. Each group was then
subdivided into 2 groups, with and without dietary counseling,
and received calorie-controlled “bento (lunch boxes)” for the
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following month. The combination of dietary counseling and
delivered calorie-controlled meals was effective for weight
reduction as well as alleviating cardiovascular risk factors.
Comprehensive counseling that includes the delivery of
healthy “bento” may be important for lifestyle modification.
However, weight loss is mostly associated with weight regain
and, as a result, may not be successful over a person’s lifetime.
Further comprehensive cross-over intervention studies are re-
quired to support the long-term prevention of obesity, along
with the use of a validated nutritional survey to test interven-
tional studies of counseling by dietitians and delivering proper
calorie-controlled meals.
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Effects of Public Education by Television on Knowledge of
Early Stroke Symptoms Among a Japanese Population Aged
40 to 74 Years

A Controlled Study

Naomi Miyamatsu, RN, PhD; Kazumi Kimura, MD, PhD; Tomonori Okamura, MD, PhD;
Yasuyuki Iguchi, MD, PhD; Hirofumi Nakayama, MD, PhD; Akihiro Toyota, MD, PhD;
Makoto Watanabe, MD, PhD; Akiko Morimoto, RN, MSc; Miho Morinaga, RN, MSc;
Takenori Yamaguchi, MD, PhD

Background and Purpose—An educational campaign by mass media has been associated with great increases in the
knowledge about early symptoms of stroke. However, few studies were conducted with a controlled community
intervention study.

Methods—To clarify the effects of a 1-year television campaign for the whole population on improvement of knowledge
about stroke symptoms in 2 cities, a campaign area and a control area in Japan were selected. Before and after the
campaign, 1960 randomly selected residents aged 40 to 74 years answered a telephone survey regarding knowledge of
early stroke symptoms. We calculated the percentage and 95% Cls of participants who correctly chose all § early
symptoms of stroke in each area and in each year.

Results—Before the campaign, 53% of participants (95% CI, 50%-55%) in the campaign area and 46% (95% CI,
44%—49%) in the control area correctly chose 5 early symptoms. After the 1-year television campaign, knowledge was
significantly improved only in the campaign area (campaign area, 63%; 95% CI, 60%—66%; control area, 51%; 95%
ClI, 48%—-54%). After sex stratification, only women showed improved knowledge of early symptoms. The audience rate
for the campaign television programs was found to be higher in women than in men.

Conclusions—A 1-year stroke educational television campaign effectively improved knowledge about early stroke
symptoms among Japanese women aged 40 to 74 years. No impact was found among men in this age group. Future
studies should examine the impact of this approach on stroke knowledge among younger individuals and whether there
are any behavioral changes that contribute to earlier presentation for treatment. (Stroke. 2012;43:545-549.)

Key Words: acute stroke ®m educational campaigns m knowledge m prevention m symptoms m warning signs

Delayed access to medical care in patients with stroke is
associated with poor outcome. Knowledge of the early
symptoms of stroke and the need to call an ambulance should
therefore be widespread. The importance of ensuring timely
treatment has grown dramatically since the introduction of
thrombolytic treatment with tissue-type plasminogen activa-
tor!'-3 for cerebral infarction.

Various strategies for community education have been
examined in previous studies.*~®# Some reports have noted
that television campaigns show greater efficacy for public
education than other media.#¢ However, few controlled
studies have evaluated the effects of community education by
television on knowledge about the early symptoms of stroke.”

Furthermore, to our knowledge, there is no community
education by television for stroke in Asian countries, where
mortality due to stroke is high.®

The purpose of this study was to verify that television
campaign could improve knowledge about early symptoms of
stroke.

Methods
Study Setting

A community intervention providing information on early symptoms
of stroke was conducted by television. The preintervention survey
was performed in April 2009 and the postintervention survey was
performed in April 2010. Because mortality of stroke varies between
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Table 1.
Telephone Survey 2010

Exposure to Intervention During the Campaign Period Among Participants in the Campaign Area: Postintervention

Exposure to Intervention, No. (%)

Sex Differential

Educational Intervention by Television Overall (n = 968) Men (n = 484) Women (n = 484) P*

1-min spotst 381 (39.8) 161 (33.3) 220 (45.5) <0.001
Highlight programst 274 (28.3) 108( .3) 166 (34.3) <0.001
Both of 1-min spotst and highlight programst 207 (21.4) 74 (15.3) 133 (27.5) <0.001
At least 1 of 1-min spotst and highlight programs} 447 (46.2) 195 (40.3) 252 (52.2) <0.001

*P value for x? test.

t0ne-min spots: approximately 900 times of TV spots about stroke, each airtime was 60 s.
FHighlight programs: a total of 60 times of documentaries and reports about stroke, each airtime was 5-15 min.

western and eastern Japan, 2 cities were selected from adjoining
prefectures located in western Japan: Okayama city in Okayama
prefecture for the campaign area and Kure city in Hiroshima prefecture
for the control area.

A local branch of Japan Broadcasting Corporation (NHK, the
largest noncommercial broadcasting in Japan) produced a series of
television programs for the present study and broadcast them
throughout the 1-year campaign period from April 2009. Okayama
city was located in the broadcasting area of this local branch
(Okayama broadcasting station of NHK). Residents living in the
control area had few chances to watch these educational contents,
because contents of broadcasting of a local branch of NHK vary by
prefectures, and 2 cities do not have a common border and are
located far from each other (approximately 150 km).

Participants

Sample size was calculated based on our previous surveys without
television programs.'® The number of participants required was
estimated to be 780 people for each area (a=0.05, f=0.8). We
decided to recruit approximately 1000 people from both areas for
each of pre- and postintervention surveys.

Potential participants were randomly selected from the telephone
directory in each area in each survey. A telephone survey was then
continued until 140 complete interviews had been obtained for both
men and women in their 40s, 50s, and 60s; and 70 complete
interviews had been obtained for both men and women at 70 to 74
years old. A total of 3920 citizens were surveyed to find 980 in the
campaign area and 980 in the control area for each pre- and
postintervention survey. Approximately two thirds of available
contacts were nonrelevant contacts, representing contacts with indi-
viduals <40 years old or =75 years old. Because the population was
aged 40 to 74 was 300 389 in the campaign area and 114 670 in the
control area in 2009, the sampling rate was approximately 0.33% and
0.85%, respectively.

Community Education

Because television programs produced by NHK are systematically
distributed, similar television programs are broadcast by all local
branches of NHK. However, sometimes slots are at the discretion of
the local branch, such as 1-minute spots before serial dramas or
15-minute slots for local news before national news programs. The
television campaign in the present study was thus mainly performed
using these time slots.

The major points of the campaign by television programs were as
follows. The first point was to make broadcasting content based on
accurate scientific evidence. The second point was to provide
repeated audiovisual information, that is, 1-minute spots were
broadcast at least twice almost everyday, whereas highlight pro-
grams were broadcast at least once a week. Both types of programs
were continued throughout the study period from April 2009 to
March 2010.
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The Okayama broadcasting station for NHK, Kawasaki Medical
School, and the Japan Stroke Association supervised the campaign
programs. The 1-minute spots comprised a total of 10 versions
covering stroke, both of early symptoms and risk factors, prevention,
up-to-date medical treatments, and rehabilitation. Highlight pro-
grams featuring 33 topics were broadcast during the campaign
period.

Main Outcome Measures
Participants were asked to choose which of 10 listed symptoms fit as
early symptoms of stroke. The 10 symptoms listed consisted of 5
early symptoms of stroke'' and 5 incorrect or atypical symptoms
(“sudden nasal bleeding,” “sudden hot flush,” “sudden pain in the
left shoulder,” “numbness or palsy of both hands and/or fingers,” and
“sudden difficulty breathing”).

At the postintervention survey in the campaign area, participants
were also asked whether they had seen any of the television spots and
special programs.

Statistical Analysis

We estimated 95% Cls of population proportions for those who
correctly chose all 4 early symptoms of stroke in surveys according
to F-distribution. Sex-specific analysis was also performed. Partici-
pants who chose all 10 symptoms (n=45) were excluded from these
analyses.

Results

Response rates of telephone surveys were 31.6% and 34.7%
for pre- and postintervention surveys in the campaign area
and 30.3% and 35.5% in the control area, respectively. In the
postintervention survey in the campaign area, approximately
40% of participants reported “I saw some of the l-minute
spots about stroke on NHK between April 2009 and March
2010,” whereas 30% reported seeing the highlight programs
(Table 1). These audience rates for both types of programs
were significantly higher for women than for men.

Proportions of participants who correctly chose 5 early
symptoms are shown in Table 2. In all groups, regardless of
area or sex, we observed tendencies toward improvement in
knowledge about early symptoms of stroke; however, 95%
ClIs of those proportions demonstrated that only the campaign
area showed a significant improvement in stroke knowledge
(Figure). After sex stratification, only women in the cam-
paign area showed a significant improvement (Figure).

In addition, the participants who watched either program
had better knowledge about early symptoms of stroke (age-
and sex-adjusted ORs and 95% ClIs, 1.41 and 1.07-1.86).
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Table 2.  Proportion of Participants Who Correctly Chose 5 Early Symptoms of Stroke

Campaign Area Control Area
Preintervention Postintervention Preintervention Postintervention
2009 2010 2009 2010
Overall
No. of participants 965 968 971 71
Correct answer about stroke symptoms (%)
Sudden numbness or weakness of the face, arm, or leg 868 (89.9) 869 (89.9) 805 (82.9) 812 (83.6)
Sudden confusion or trouble speaking or understanding others 907 (94.0) 901 (93.1) 895 (92.9) 879 (90.5)
Sudden trouble seeing with 1 or both eyes 674 (69.8) 764 (78.9) 651 (67.0) 642 (66.1)
Sudden dizziness, walking difficulties, or loss of balance or coordination 806 (83.5) 815 (84.2) 756 (77.9) 787 (81.1)
Sudden severe headache with no known cause 810 (83.9) 821 (84.8) 773 (79.6) 812 (83.6)
No. of selected correct answer about stroke symptoms (%)
None 24 (2.5) 41 (4.2) 34 (3.5) 47 (4.8)
1 3(1.3) 4(1.4) 33(3.4) 33349
2 43 (4.5) 23 (2.4) 44 (4.5) 35(3.6)
3 83 (8.6) 59 (6.1) 129 (13.3) 89(9.2)
4 293 (30.4) 222 (22.9) 283 (29.1) 273 (28.1)
5% 509 (52.7) 609 (62.9) 448 (46.1) 494 (50.9)
Men
No. of participants 478 484 484 486
Correct answer about stroke symptoms (%)
Sudden numbness or weakness of the face, arm, or leg 422 (88.3) 421 (87.0) 389 (80.4) 388 (79.8)
Sudden confusion or trouble speaking or understanding others 444 (92.9) 437 (90.3) 437 (90.3) 429 (88.3)
Sudden trouble seeing with 1 or both eyes 342 (71.5) 365 (75.4) 328 (67.8) 325 (66.9)
Sudden dizziness, walking difficulties, or loss of balance or coordination 386 (80.8) 386 (79.8) 350 (72.3) 373 (76.7)
Sudden severe headache with no known cause 399 (83.5) 400 (82.6) 364 (75.2) 399 (82.1)
No. of selected correct answer about stroke symptoms (%)
None 14 (2.9 28 (5.8) 23 (4. 8) 28 (5.8)
1 7(1.5) 2 (2.5) 25(5.2 19 (3.9)
2 23 (4.8) 14 (2.9) 23 (4. ) 24 (4.9)
3 50 (10.5) 30 (6.2 65 (13.4) 47 (9.7)
4 130 (27.2) 121 (25.0) 138 (28.5) 134 (27.6)
5* 254 (53.1) 279 (57.6) 210 (43.4) 234 (48.1)
Women
No. of participants 487 484 487 485
Correct answer about stroke symptoms (%)
Sudden numbness or weakness of the face, arm, or leg 446 (91.6) 448 (92.6) 416 (85.4) 424 (87.4)
Sudden confusion or trouble speaking or understanding others 463 (95.1) 464 (95.9) 458 (94.0) 450 (92.8)
Sudden trouble seeing with 1 or both eyes 332 (68.2) 399 (82.4) 323 (66.3) 317 (65.4)
Sudden dizziness, walking difficulties, or loss of balance or coordination 420 (86.2) 429 (88.6) 406 (83.4) 414 (85.4)
Sudden severe headache with no known cause 411 (84.4) 421 (87.0) 409 (84.0) 413 (85.2)
No. of selected correct answer about stroke symptoms (%)
None 10 (2.1) 13(2.7) 11(2.3) 19 (3.9)
1 6(1.2) 2(0.4) 8 (1.6) 14 (2.9)
2 20 (4.1) 9(1.9) 21(4.3) 11(2.3)
3 33(6.8) 29 (6.0) 64 (13.1) 42 (8.7)
4 163 (33.5) 101 (20.9) 145 (29.8) 139 (28.7)
5* 255 (52.4) 330 (68.2) 238 (48.9) 260 (53.6)

*This proportion was defined as “participants who have knowledge about early symptoms of stroke” in the present study.
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Discussion

This study is the first study of community education of stroke
early symptoms in an Asian country. One advantage of the
present study was the evaluation of the efficacy of television
programs in the controlled trial with all participants randomly
selected from the populations of the 2 areas. Another advan-
tage was the use of a l-year campaign, in which medically
accurate contents were made by the collaboration of not only
researchers and medical professionals, but also many staff
from the largest noncommercial broadcasting corporation in
Japan, that is, with mass media communication experts. As a
result, this collaboration might have made the television
programs more attractive for the audience, and many subjects
reported that they had seen the 1-minute spots and the
highlight programs during the campaign. In addition, our
programs were repeated many times, which should have
increased the likelihood of people seeing them, remembering
them, and also remembering how to act if someone experi-
ences early symptoms of stroke.

In previous studies that focused on public education about
knowledge of stroke symptoms, the effectiveness of cam-
paigns was assessed according to the ability to name =2 early
symptoms of stroke without being shown multiple-choice
items.®'2 However, patients with stroke are unable to choose
their own symptom at the time of onset, so people should be
aware of all the typical early symptoms of stroke. Accord-
ingly, the present study assessed improvements in knowledge
about early symptoms of stroke based on the proportion of
respondents who correctly chose all 5 early symptoms from a
list of 10 symptoms.

We did not find significant improvements in knowledge
about early symptoms of stroke among men. The improve-
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ment only in women may be explained by the greater
exposure to television programs associated with the cam-
paign, as suggested by the higher audience rates in women
than in men. Furthermore, in previous studies of Western
populations, knowledge about early symptoms of stroke was
found to be better in women than in men during periods both
with and without educational campaign.'>'> Our results
demonstrated not only similar sex differences to these previ-
ous studies, but also sex differences in the effects of the
television campaign in a controlled trial. These results raise
the possibility that men may have less general interest about
health information compared with women. Therefore, it may
be important to provide men various occasions to watch
educational programs; for example, to increase a total number
of on-air times, especially around programs that men are
likely to watch such as sports, news, and action movies.
There are several limitations in the present study. First, we
only evaluated the improvement in knowledge about early
symptoms of stroke by broadcasting campaign; therefore,
further study is necessary to assess its effectiveness in actual
behaviors of patients with stroke; for example, the number of
patients with stroke calling an ambulance, time from symp-
tom onset to hospital presentation, how soon bystanders
called the emergency center after having noticed early symp-
toms, and numbers of patients able to undergo therapy with
tissue-type plasminogen activator should be evaluated. A
previous cross-sectional study indicated that the knowledge
about stroke symptoms was not associated with the intent to
call 911 for stroke.'* A gap may exist between the improve-
ments in knowledge and actual changes in patient behavior. A
second limitation is the lack of information about the costs
involved in the campaign. The television programs were
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made by NHK Okayama as its own project. Researchers thus
did not need to worry about the costs of content production
and broadcasting. Third, this study did not include individuals
<40 years, who may be a person identifying a stroke onset of
his or her family members and accessing the emergency
medical services system. In addition, it is also important to
distribute information about stroke to children and adolescent
by television programs they are watching. They would
probably advise their parents even if parents are not too
interested about health information. This should be assessed
in future studies.
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Aim: Heterozygous patients of familial hypercholesterolemia (FH) are known to have a high risk of
coronary artery disease (CAD). Early diagnosis and prompt treatment are necessary to prevent their
CAD. In this study we tried to amend the Japanese diagnostic criteria of FH for general practitioners
by examining each component of the current criteria.

Methods: A multicenter study was performed, which included 1356 dyslipidemic patients at 6 centers.
Pretreatment demographic information including LDL-cholesterol (LDL-C), Achilles tendon thickness
(ATT), family history of FH and premature CAD and the result of genetic analysis were analyzed.
Results: Of 1356 patients, 419 were diagnosed with FH by criteria in 1988, which were used as a
golden standard. We tried to define FH according to 3 conventional major items, i.e., 1) LDL-C, 2)
ATT and/or cutaneous nodular xanthomas (CX), 3) family history of FH and/or family history of
premature CAD. We then determined the cutoff of LDL-C using the new criteria. When we used
180 mg/dL as the cutoff of LDL-C, 94.3% of FH patients and 0.85% of non-FH satisfied 2 or more
criteria. When we used 190 mg/dL, 92.1% of FH and 0.85% of non-FH satisfied 2 or more criteria;
therefore, we chose 180 mg/dL for the cutoff of LDL-C in the new criteria and proposed that the
diagnosis of definite FH can be made if 2 or more criteria are satisfied.

Conclusions: We examined each component for the diagnosis of heterozygous FH in a multicenter

study in Japan.
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levels, skin and/or tendon xanthomas, and increased
risk of premature coronary artery disease (CAD)".
High LDL-C levels are the first symptom that appears
even from birth, while xanthomas on the Achilles ten-
don usually appear during or after the late 10s and
CAD that determines the prognosis of FH patients
appears during or after the third decade of life in men
and the fifth decade in women®*. Because morbidity
and mortality of CAD in heterozygous FH are much
higher than in the general population® 57, special
attention should be paid to screen these patients and
to prevent their atherosclerotic complications. For the
diagnosis of FH, several criteria have been published
throughout the world, including ours, reported in
1988%; however, appropriate diagnosis of FH by pri-
mary care physicians is not performed in general prac-
tice in Japan?. Therefore, it is very important to estab-
lish useful diagnostic criteria for primary care physi-
cians to diagnose FH with high specificity and sensi-
tivity.

Because FH patients are estimated to be more
than 250,000, primary care physicians need to take
care of most of them; therefore, the criteria should be
as simple as possible for clinical usefulness and have
high sensitivity and specificity. We have used diagnosis
criteria for FH published in 1988 in Japan®, which
include hypercholesterolemia, presence of skin/tendon
xanthoma and reduced LDL receptor activity as major
items; however, it is difficult to measure LDL receptor
activity in routine clinical practice and even lipid spe-
cialists do not measure its activity. Furthermore, it is
not covered by Japan’s health insurance system; there-
fore, it is necessary to make the current diagnostic cri-
teria easy to use for general practitioners. Toward this
end, we performed a multicenter collaborative study

of 1397 patients with dyslipidemia.

Methods

Subjects

A total of 1397 patients with dyslipidemia,
referred to the outpatient clinic of 6 hospitals (Kyoto
University Hospital, Osaka University Hospital, Nip-
pon Medical School Hospital, Chiba University Hos-
pital, Kanazawa University Hospital, and National
Cerebral and Cardiovascular Center Hospital), were
the subjects to this study. Among these patients, 41
were excluded due to missing data. Consequently,
1356 patients with dyslipidemia were eligible for the
present study. Most had been diagnosed with or with-
out FH by lipid specialists at each hospital according
to the criteria for FH reported in 1988, and genetic
analysis was performed in 223 patients, some of

Table 1. Clinical characteristics of non-FH and FH patients
in this cohort

non-FH FH p
N 937 419
Male (n, %) 453 (48.3%) 170 (42.7%) <0.01
Age (y.0.) 58.3+16.3 52.9%18.6 <0.01
TC (mg/dL) 236%53 339+72 <0.01
LDL-C (mg/dL) 146+ 46 257 £67 <0.01

whom were diagnosed with FH based only on muta-
tions of the LDL receptor or PCSK9. The criteria
were as follows: Major items included 3 items, (1) Ia
or IIb phenotype at serum cholesterol level of 260
mg/dL or above; (2) Tendinous xanthoma or xan-
thoma tuberosum is present; (3) Reduced or abnormal
receptor activity. Minor items included 3 items: (1)
Xanthoma palpebratum; (2) Arcus juvenalis (<50
years); (3) Juvenile (<50 years) ischemic heart disease.

Determination of Conventional Criteria for FH

In this study we tried to amend the current crite-
ria. For the primary care setting, three major items, i.e.
serum level of LDL-C, family history and specific
physical findings of FH, were chosen as diagnostic
items because all are easily assessed by general practi-
tioners. Family history and specific physical findings
were also separated in more detail. Finally, we set 5
items, (1) LDL-C, (2) specific physical findings: a)
ATT, b) cutaneous nodular xanthomas (CX), (3) fam-
ily history: a) family history of FH in Ist or 2nd
degree relatives, b) family history of premature CAD
in 1st or 2nd degree relatives. A family history of pre-
mature CAD was defined as having CAD before the
age of 55 in males and 65 in females. First, we assessed
the prediction for FH by the combination of physical
findings and family history, and then we determined
the cutoff point of LDL-C with the combination of
the above-mentioned two items. LDL-C levels were
calculated by the Friedewald formula. ATT levels were
measured by X-ray according to the method previ-
ously described and determined as positive with 9 mm
or more'?.

The data in the medical records of the patients
were sent to the National Cerebral and Cardiovascular
Center and examined. The study protocol was approved
by the ethics committee of the National Cerebral and
Cardiovascular Center (D#M20-25-2 for the multi-
center trial and ID#M17-56-4 for the genetic analy-
sis). The ethics committee of each hospital also
approved the study protocol.
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Fig. 1. Distribution of LDL-C levels before treatment in FH and non-FH patients. LDL-C levels were calculated by the Freidewald

formula in patients with dyslipidemia diagnosed with FH or non-FH by specialists.

Statistical Analyses

Continuous variables are presented as the means
+SD. Categorical data are presented as numbers and
percentages. Unpaired Students z-test and one-way
analysis of variance (ANOVA) were used to assess dif-
ferences between groups in continuous variables. Dif-
ferences in categorical variables were assessed by the
X© test.

Results

Among 1356 patients, 419 had been diagnosed
with FH, while 937 with non-FH. Patient demo-
graphic data are shown in Table 1. FH patients were
younger than non-FH patients. TC and LDL-C levels
were 339 and 257 mg/dL in FH patients, respectively,
and were significantly higher than in non-FH patients.
The distribution of LDL-C levels in both groups is
shown in Fig.1. FH patients were divided into 3
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Table 2. LDL-C levels in FH patients with or without genetic data

LDL-C (mg/dL) FH (Total) FH (Mut+) FH (Mut-) FH (no genetic data) p-value
N 419 224 41 173
Mean 257 4 266.2% 229.0% 252.9
SD 67.39 69.85 60.14 63.70
MEDIAN 244 253 216 241 0.003
1Q

25% 205 213 189 203

75% 300 308 244 295

FH (Mut+): murations in the LDL receptor or PCSK9, FH (Mut —): no mutations found, FH (no genetic data): no genetic analysis

*p< 0.005 by Bonferroni

Table 3. Sensitivity and specificity in screening FH by physical findings and family history

Specificity Sensitivity

Physical findings

ATT (+) (%) 98.6 64.1

CX (+) (%) 99.6 9.4

ATT (+) or CX (+) (%) 98.6 64.6

ATT(+) and CX(-) 99.6 11.7
Family history

Family history of FH (+) (%) 93.6 98.2

Family history of CAD (+) (%) 96.3 28.3

Family history of FH (+) or CAD (+) (%) 91.7 98.7

Eamily history of FH (+) and CAD (+) (%) 98.2 27.4

ATT: Achilles tendon thickness, CX: Cutaneous nodular xanthomas

FH (12=224) was diagnosed by mutations in the LDL receptor and/or PCSK9. Non-FH (#=937) was diagnosed by specialists.

groups depending on their genetic data: FH with
mutation(s) in LDL receptor or PCSK9, FH with no
mutation(s) and FH with no genetic data. The mean
and median of LDL-C along with SD and interquar-
tile range of each group are shown in Table 2. LDL-C
levels in FH with mutations were higher than those in
FH without mutations.

We tried to define FH according to the screening
standards as 3 major items, i.e., 1) LDL-C, 2) ATT
and/or cutaneous nodular xanthomas (CX), 3) family
history of FH and/or family history of premature
CAD. We used LDL-C instead of total cholesterol,
because LDL-C should better reflect the activity of the
LDL receptor and is used for the goal of lipid manage-
ment in the current Japanese guideline®. We incorpo-
rated “family history” as a major item because general
practitioners were able to find FH by a family history
of FH and/or premature CAD instead of LDL recep-
tor activity. Sensitivity and specificity in screening FH
by physical findings and family history are listed in
Table 3. Based on these data, we decided to use 1)

— 271

ATT or CX, and 2) family history of FH or CAD as 2
major items in addition to high LDL-C levels.

Next we tried to determine the cutoff levels of
LDL-C. The percentage of the patients who satisfied
each criterion according to LDL-C levels is listed in
Table 4. Levels of 180 or 190 mg/dL are suggested as
candidate cutoff levels. Therefore, the criteria for
model 1 were set as those who satisfy 2 or more of the
3 criteria: 1) LDL-C 180 mg/dL or higher, 2) ATT (+)
or CX (+), 3) Family history of FH or CAD, and for
model 2, for which the cutoff point of LDL-C was
changed to 190 mg/dl or higher, their sensitivity, spec-
ificity, and false positive and false negative rates were
compared (Table 5). When we compared model 1
with model 2, higher sensitivity in model 1 than
model 2 was obtained without any change in specific-
ity, suggesting that 180 mg/dL is a better cutoff for
LDL-C. The percentages were quite similar in FH
with mutation (s) in LDL receptor or PCSK9, FH
with no mutation (s) and FH with no genetic data.
The diagnostic criteria of FH were then determined
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Table 4. Percent satisfying each LDL-C level in non-FH and FH patients

non FH FH (All) FH (Mut+) FH (Mut-) FH (No genetic data)
N 937 419 223 41 155
LDL-C 2170 mg/dL (%) 30.5 94.5 96.0 85.4 94.8
LDL-C 2180 mg/dL (%) 24.3 94.3 94.6 82.9 92.9
LDL-C 2190 mg/dL (%) 16.6 92.1 93.7 75.6 89.7
LDL-C 2200 mg/dL (%) 11.6 80.0 84.3 63.4 78.1

FH(Mut+): mutations in the LDL receptor or PCSK9, FH(-): no mutations found, FH (no genetic data): no genetic analysis

Table 5. Accuracy metrics of FH criteria using LDL-C cutoff levels of 180 or 190 mg/dL

Sensitivity (%) Specificity (%) False positive (%) False negative (%)
Model 1: Satisfying 2 or more of the
FH or CAD
Model 2: Satsfying 2 or more of the
following criteria: 1) LDL-C 2190 mg/dL, 92.1 99.1 0.85 79

2) ATT(+) or CX(+), 3) Family history of
FH or CAD

Table 6. Diagnostic criteria for adult (15 years or older) heterozygous FH

1 Hyper-LDL-cholesterolemia (LDL-C level before treatment: 180 mg/dL or more)

Tendon xanthoma (tendon xanthoma of the dorsal hands, elbows, and knees, or Achilles tendon thickening) or nodular xanthoma of
the skin

3 Family history (relatives in the second degree): FH or premature CAD

-A diagnosis should be made after ruling out the possibility of secondary hyperlipidemia.

-Patients meeting 2 criteria should be regarded as having FH. Concerning those meeting 1 criterion, refer to Fig. 4. When FH is suspected, gene
tests should be conducted to make a diagnosis.

-Nodular xanthoma of the skin does not include palpebral xanthoma.

-Patients with Achilles tendon thickening (9 mm or more) on radiography should be regarded as having xanthoma.

-When the LDL-C level is 250 mg/dL or more, FH should be strongly suspected.

-During drug therapy, the pretreatment lipid level should be employed as a reference value.

- CAD in males younger than 55 years old and females younger than 65 years old is defined as premature CAD.

-When a diagnosis of FH is made, the patient’s family should also be investigated.

- LDL-C may be decreased after surgery, myocardial infarction, severe inflammation and so on. In these cases, LDL-C values before the diseases
should be requested to give a diagnosis.

- To diagnose patients who have already been treated with statins, pretreatment levels of LDL-C should be requested; however, termination of statin
treatment is not recommended to obtain pretreatment levels of LDL-C, even if the dara are not available.

and are shown in Table 6. have no symptoms. The reason for undiagnosed FH
patients to go to a clinic may be mainly divided into
the following 4 situations: 1) a chance visit to a pri-

Discussion . ) iy
mary care physician due to flu or gastritis, etc., 2) rec-
FH has the highest prevalence in genetic meta- ommendation of further medical examination due to
bolic diseases, being heterozygous in one in 500 of the high cholesterol at a health checkup, 3) transportation
general population™ V. Most young heterozygous FH to the emergency room due to the development of
patients have no symptoms other than high LDL-C acute coronary syndrome, 4) recommendation of
levels, and those who have Achilles tendon thickness medical consultation due to the presence of FH in his/

— 272 —
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her family. The diagnostic criteria should be applied
to these patients. Accordingly, conventional criteria
are needed for the primary care setting.

Heterozygous FH patients show high levels of
LDL-C, cutaneous and tendon xanthomas, and are
complicated with myocardial infarction at young age
by atherosclerosis due to intravascular exposure to
high levels of LDL-C for many years. Because early
diagnosis and treatment are recommended for these
patients, the diagnostic criteria for FH have been
reported in many countries including Japan® '*17),
While some criteria give a satisfactory diagnosis of FH
using specific items, others are adopting a scoring sys-
tem. The Japanese criteria reported in 1988% were as
follows. Major items included the following 3 items:
(1) the patient shows the Ila or IIb phenotype at a
serum cholesterol level of 260 mg/dL or above, in
principle; (2) Tendinous xanthoma or xanthoma
tuberosum is present; (3) Reduced or abnormal recep-
tor activity is noted by LLDL receptor analysis; how-
ever, for LDL receptor activity, even lipid specialists
do not routinely measure activity. It would be even
more difficult for primary care physicians to measure
activity for the diagnosis of FH.

The cutoff level of serum cholesterol used in the
first criterion in the criteria published in 1988 was
260 mg/dL; however, LDL-C is directly affected by
dysfunction of the LDL receptor and is routinely mea-
sured in clinics by the direct method or Friedewald
formula; therefore, we tried to use LDL-C as a cutoff
level instead of total cholesterol. The presence of ten-
don and/or cutaneous nodular xanthomas was also
used because of its convenience, high sensitivity and
specificity. A family history of FH or premature CAD
in 1st or 2nd degree relatives was proposed for the
third criterion instead of measuring LDL receptor
activity in the new diagnostic criteria. A family history
of FH showed high sensitivity and specificity; how-
ever, primary care physicians may have difficulty
obtaining this because it was not easy for them to
reach a diagnosis of FH with the previous criteria. In
the present study, accurate diagnosis of a family his-
tory of FH seemed to have been given because lipid
specialists made the diagnosis at all the hospitals; how-
ever, the same result may not be applied to primary
care physicians. Therefore, a family history of CAD,
which may be easier to obtain, was added to the crite-
ria. It should be noted that the sensitivity of a “family
history of FH or CAD” was slightly higher than that
of a “family history of FH”. Accordingly, we chose a
“family history of FH or premature CAD in Ist or
2nd degree relatives” as the third criterion.

The cutoff level of LDL-C for the diagnosis of

FH should be set by its sensitivity and specificity in
different cutoff points. The cutoff level of LDL-C for
the diagnosis of FH was reported to be 190 mg/dL in
Simon Broome'!”, NICE' and 205 mg/dL in
MEDPED'9. In this study, 180 mg/dL was selected as
the cutoff level together with the presence of xanthoma
and the family history as the criteria for the diagnosis
of FH because of its high sensitivity and specificity.

Reduced LDL receptor activity is direct evidence
of FH and was used as one of the criteria in the previ-
ous version. Usually, LDL receptor activity is deter-
mined by the binding of fluorescent-labeled LDL to
lymphocytes. The procedure of measuring LDLR
activity is cumbersome and it is difficult to measure in
routine clinical settings. Further, few companies can
measure LDLR activity. Indeed, the specialists
involved in this study measured LDLR activity only in
7 of 419 patients of FH, showing the sensitivity of the
previous criteria as 60.9%. Therefore, in order to
determine criteria sensitive enough to give a diagnosis
of FH, the third item was changed from LDLR activ-
ity to family history.

There are some limitations in the present study.
First, the patients analyzed in this study may have dif-
ferent characteristics from those followed by primary
care physicians, because the physicians in this study
are taking care of many FH patients and information
about family history can be obtained more easily than
by primary care physicians. Second, it is sometimes
difficult for primary care physicians to take a complete
family history, especially FH, and to diagnose ATT
and/or the presence of CX, about which information
can be missed in the primary care setting. Third, FH
has been reported to have mutations in LDL recepror,
PCSK9 and apolipoprotein B. Because mutations in
PCSK9 may cause milder forms of FH, the sensitivity
of the criteria may be reduced in these patients. Fur-
ther study is required to address the applicability of
the criteria for the primary care setting.

In conclusion, we have determined the cutoff of
LDL-C for the diagnosis of FH by a multicenter study
and proposed conventional diagnostic criteria by using
high LDL-C, ATT and/or the presence of CX, and a
family history of FH and/or CAD for primary care

settings.
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ABSTRACT

Background: Homogeneous assays for low-density lipoprotein-cholestero! (LDL-C) have good precision
and are pretreatment-free procedures. However, their accuracies have been questioned, especially in
diseased subjects. In this study, we aimed to verify whether LDL-C levels determined by homogeneous
assays [LDL-C (H)] agree with those determined by a beta-quantification method [LDL-C (BQ)] in fresh
clinical samples.
Methods: We determined LDL-C levels in 49 non-diseased and 124 diseased subjects whose triglyceride
(TG) levels were less than 11.29 mmol/L (1000 mg/dL) using 12 homogeneous assays and a BQ method
simultaneously.
Results: In total, 30.6% of non-diseased subjects and 46.0% of diseased subjects were in the postprandial
state. The maximum inter- and intra-assay CVs were 1.8% and 1.5%, and 8 reagents had a CV of 1.0% or
less. The mean bias ranged from —0.5% to 1.8% for non-diseased subjects and from —0.7% to 1.6% for
diseased subjects. For non-diseased subjects, all but one reagent achieved the National Cholesterol
Education Program (NCEP) total error requirement in more than 90% of samples. However, for diseased
subjects, the number of reagents that met this requirement was low. With some reagents, LDL-C (H) was
higher than LDL-C (BQ), especially in subjects with hypertriglyceridemia. While for other reagents, the
difference between the two methods was not associated with hypertriglyceridemia except for type I
(n = 2) and type I hyperlipidemia (n = 1). Postprandial sampling was not the main factor for discordant
results.
Conclusions: LDL-C (H) agrees with LDL-C (BQ) in non-diseased subjects, but exhibits positive bias for
subjects with hypertriglyceridemia in diseased subjects for some reagents.

© 2012 Elsevier Ireland Ltd. All rights reserved.
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1. Introduction

Epidemiological studies indicate that low-density lipoprotein-
cholesterol (LDL-C) is an important risk factor for cardiovascular
diseases (CVD) [1-3]. Furthermore, clinical trials have confirmed
that LDL-C-lowering therapies reduce CVD [4,5]. Since guidelines
use LDL-C levels as the cut-off values in managing hypercholes-
terolemia [6—8], LDL-C levels should be standardized. However,
LDL-C measurement is more difficult than cholesterol measure-
ment because LDL is converted from its precursor lipoproteins in
the circulation. The Center for Disease Control and Prevention
(CDC) adopted beta-quantification (BQ) as a reference method [9]
for the international standardization program for LDL-C. This
method separates lipoproteins using ultracentrifugation and
precipitation of apolipoprotein B-containing lipoproteins. In
clinical practice, physicians calculate LDL-C levels using fasting
levels of total cholesterol, triglyceride (TG), and high-density
lipoprotein-cholesterol (HDL-C) [10]. In 1997, a Japanese manu-
facturer developed an LDL-C homogeneous assay which requires
no pretreatment [11]. Currently, 12 homogeneous assays are
available in Japan. However, their accuracies were reported to be
unsatisfactory, especially in diseased subjects including those
with rare lipoprotein disorders who had very low LDL-C
concentrations [12]. Since compositions and/or metabolism of
LDL in such subjects are different from those in subjects with
common dyslipidemia and normolipidemia [13], the accuracy of
LDL-C homogeneous assays needs to be further evaluated using
common clinical samples.

We aimed to clarify whether LDL-C levels determined by
homogeneous assays [LDL-C (H)] agree with those determined by
the BQ method [LDL-C (BQ)] in non-diseased and diseased subjects.
We examined fresh blood samples from non-diseased and diseased
subjects, who are commonly observed during a medical checkup
and in clinical practice.

2. Methods
2.1. Study subjects

We enrolled Japanese men and women with and without
disease at 7 departments across 6 institutions. We excluded
subjects with rare lipoprotein disorders, severe systemic infections,
and decompensated liver cirrhosis. Since reactivity to lipoprotein-X
and lipoprotein-Y varies among reagents, we also excluded patients
with cholestatic liver disease [14]. Furthermore, patients with TG
levels >11.29 mmol/L (1000 mg/dL) were excluded because the
chylomicron layer makes it hard to reproducibly aspirate serum
samples through probes of automated analyzers.

We first recruited 178 subjects, and excluded 5 subjects due to
severe hypertriglyceridemia. As a result, 173 subjects participated
in this study. Written informed consent was obtained from all
subjects. The study protocol was reviewed and approved by the
ethics committees of all participating institutions.

2.2. Blood sampling and transport

We collected and processed fasting and non-fasting blood
samples in a similar manner as the CDC LDL-C standardization
program [15]. Serum was separated within an hour and pooled into
a plastic tube. Aliquots were divided into screw-capped tubes and
transported to SRL and Osaka Medical Center for Health Science
and Promotion (OMC-HSP) using a cooling box with a refrigerant
(Supplemental Fig. S1). Temperature was maintained at <4 °C for at
least 24 h.
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2.3. LDL-C determination

Within 24 h of blood collection, LDL-C levels were determined
simultaneously by homogeneous assays and the BQ method. For
homogeneous assays, the reagents, calibrators, and controls were
provided by the manufacturers and distributors (Reagent-A,
Denka Seiken; Reagent-B, Wako; Reagent-C, Sysmex; Reagent-D,
Serotec; Reagent-E, Fureiya; Reagent-F, Kyowa Medex; Reagent-
G, Toyobo; Reagent-H, Shino-Test; Reagent-I, Sekisui Medical;
Reagent-], Ortho Clinical Diagnostics; Reagent-K, Siemens
Healthcare, and Reagent-L, Beckman Coulter). Nine reagents were
used on Hitachi 917 (Tokyo, Japan). The other 3 reagents were
provided along with analyzers made by their distributors because
these reagents were permitted to be sold only with these
analyzers (Supplemental Table S1). The operators were blinded to
sample information.

LDL-C (H) levels were determined in triplicate. In Hitachi 917,
LDL-C levels were determined after one cycle in a predetermined
order, and this was repeated over 3 cycles. To avoid carryover
effects, we used alkaline solution for washing cells, and acidic
solution for washing the probes (Table S2). There were no
condensation effects over the 3 cycles (21 min) (Table S3).

The BQ method was performed at OMC-HSP which has been
a member of the Cholesterol Reference Method Laboratory
Network (CRMLN: organized by CDC) for nearly 20 years. In prin-
ciple, each serum was divided into 2 centrifuge tubes. After ultra-
centrifugation (18 °C, 105,000 x g, 18.5 h), d = 1.006 top fraction
was removed by a tube slicer. The bottom fraction was transferred
to a volumetric flask, and its volume was restored to the original
volume. After precipitation of LDL with heparin-manganese solu-
tion, the supernatant was obtained by low-speed centrifugation.
Cholesterol levels in the bottom and top fractions were determined
in duplicate for each tube by the Abell-Kendall method [9,16].

In subjects with TG levels <4.52 mmol/L (400 mg/dL), we
calculated LDL-C levels using the Friedewald’s equation [LDL-C(F)]
[10]. For this purpose, HDL-C level was determined by the homo-
geneous assay obtained from each manufacturer or distributor of
LDL-C homogeneous assays.

2.4. Statistical analysis

A statistician received the entire data for LDL-C (H) and LDL-C
(BQ), and analyzed them using the same methods of Miller et al.
[12] and van Deventer et al. [17]. Briefly, total error (TE) was
calculated using the first value of triplicate determinations for each
sample [TE = (%bias) + 196 x (%CV)]. National Cholesterol
Education Program (NCEP) requires that %bias, %CV, and TE are
<4%, <4%, and <12%, respectively. Error component analysis is
based on the hypothesis that analytical errors are derived from 3
components: inter-assay CVs, intra-assay CVs, and patient-specific
errors. In the Bland-Altman plots [18,19], we used the absolute
difference between LDL-C (H) and LDL-C (BQ). We give more
detailed explanations of statistical procedures in Table S4.

3. Results
3.1. Subject characteristics

We collected 173 fresh blood samples from 49 non-diseased and
124 diseased subjects. In the whole subjects, 41.6% were non-fasted
(Table S5). Among diseased subjects, there were type I (n = 2) and
type Il (n = 1) hyperlipidemia. Most dyslipidemic patients received
lipid-lowering agents, especially statins. About 20%—30% of
diseased subjects had CVD, diabetes, or fatty liver disease.



