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Abstract

Background: Gastrointestinal cancer has a high global prevalence.
Postoperative complications (PCs) affect the length of hospital
stay and long-term outcomes. However, it is unclear whether
preoperative sedentary time is associated with PCs, independently
of physical activity (PA). We aimed to investigate the association
between preoperative sedentary time and PCs independently of
PA in patients who underwent surgery for gastrointestinal cancer.

Methods: In this prospective study, we included 112 patients who
underwent colorectal cancer or gastric cancer surgery. Patient
characteristics and surgery-related variables were collected.
The Japanese version of the International Physical Activity
Questionnaire (the usual 7-day short version) was used to assess
preoperative PA and sedentary time. Patients were classified into
two groups according to the grade of PCs: Clavien-Dindo (CD)
grade <2 and =2. Multivariate logistic regression analysis was
performed to identify the risk factors for CD grade =2 PCs. Receiver
operating characteristic curve analysis was used to determine the
optimal cutoff point of sedentary time for predicting PCs with CD
grade =2.

Results: PCs occurred in 38 patients (33.9%). Sedentary time (odds
ratio [OR] 1.29, 95% confidence interval [CI]: 1.09-1.53; p<0.01)
and body mass index (OR 1.17, 95% Cl: 1.01-1.36; p=0.03) were
associated with PCs independently of total PA. The optimal cutoff
point of sedentary time for predicting PCs was 6 h/day (sensitivity
0.662, specificity 0.658) .

Conclusion: Preoperative sedentary time is a predictor of PCs in
patients who undergo gastrointestinal cancer surgery.

Keywords: Sedentary lifestyle, Physical activity, Postoperative
complications, Gastrointestinal cancer

Introduction

Globally, gastrointestinal cancers, such as colorectal and gastric
cancers, are the most frequently diagnosed cancers in both sexes
(Bray et al., 2018) . Although advances in treatment techniques
have improved survival rates in recent years, the incidence of

postoperative complications (PCs) in cases with colorectal
and gastric cancers is approximately 30% (Endo et al., 2017) .
Moreover, PCs affect the hospital length of stay (LOS) (Nakanishi
et al., 2018; Zhang et al., 2018) and long-term outcomes, such
as overall survival and overall recurrence rate (Law et al., 2007;
Li et al., 2018) . PCs in gastrointestinal cancer can be predicted
by preoperative sarcopenia (Yang et al., 2019), frailty (Vermillion
et al,, 2017), 6-minute walk distance (6MWD) (Hayashi et al.,
2017), fatigue (Heldens et al., 2017), and prognostic nutrition
index (PNI) (Kanda et al., 2016) . Thus, it is important to clinically
assess modifiable factors to prevent PCs.

Physical activity (PA) is an important factor that influences
sarcopenia (Cruz-Jentoft et al., 2019) and frailty (Xue et al.,
2008) . However, while preoperative PA was reported to be
associated with PCs in patients with colorectal cancer (Onerup
et al,, 2019), no such association was observed in another study
(Heldens et al., 2017) . There are very few reports examining the
relationship between preoperative PA and PCs, as most studies
have not investigated the intensity of PA. Thus, there is still no
consensus on the relationship between preoperative PA and PCs
in gastrointestinal cancer.

Sedentary time is one of the PA indicators and is defined as any
waking behavior characterized by an energy expenditure of <1.5
metabolic equivalents (METs) while in a sitting or reclining posture
(Barnes et al,, 2012) . Sedentary time has been shown to account
for approximately 50% of daily living activities among community-
dwelling people (Chen et al, 2018). A Previous meta-analysis
indicated associations between sedentary time and all-cause
mortality, cancer mortality, and cancer incidence, independently
of PA (Biswas et al, 2015) . Another meta-analysis reported that
the mortality risk associated with increased sedentary time could
only be eliminated by high levels of moderate-intensity PA (Ekelund
et al., 2016) . These reports suggest the importance of reducing
sedentary time in order to prevent adverse outcomes. Moreover,
reducing sedentary time rather than encouraging high level PA may
be an easier task for patients to handle. Sedentary time is also
reportedly associated with sarcopenia (Gianoudis et al., 2015)
and frailty (Blodgett et al., 2015), which are risk factors for PCs
independently of PA. Preoperative sedentary time is reportedly
longer in esophageal cancer patients with than without
pulmonary PCs (Feeney et al., 2011) . However, the possibility
of an association between preoperative sedentary time and PCs
independently of PA in gastrointestinal cancer remains unclear.

In the present study, we aimed to investigate the association
between preoperative sedentary time and PCs independently of
PA in patients with gastrointestinal cancer.

Materials and Methods

Patients

In this prospective study., we enrolled 112 patients who
underwent open or laparoscopic surgery for primary colorectal
(n=81) or gastric cancer (n=31) between October 2016 and
December 2019 at Kamiiida Daiichi General Hospital. Exclusion
criteria were patients who (1) could not walk unassisted, (2) had
cognitive dysfunction, (3) had simultaneous cancer, (4) underwent
palliative surgery, and (5) had missing data. This study was
approved by the Ethics Committee of Kamiiida Daiichi General
Hospital and the Human Research Ethics Committee of the Nagoya
University School of Health Sciences. Prior to participation in this
study, all patients were provided with a thorough explanation
about the study and provided written consent in accordance with
the Declaration of Helsinki.
Outcome

The study outcome was the occurrence of PCs within 30 days
after surgery. Clavien-Dindo (CD) classification was used to grade
PCs (grade 1-5) (Dindo et al., 2004). To eliminate the possibility
of description bias in patient records, grade 1 complications were
excluded, and complications above CD grade 2 were considered
as PCs.
Preoperative physical activity and sedentary time

Preoperative PA and sedentary time were assessed using
the Japanese version of the usual 7-day short version of the
International Physical Activity Questionnaire (IPAQ-SV). This
questionnaire is used to assess vigorous- to moderate-intensity
PA and walking activity during 7 usual days, and sedentary time
during the usual a weekday (Craig et al., 2003) . Each activity
type and intensity score are assigned a METs value according to a
published protocol (Sjostrom et al., 2005) .
Preoperative physical function, and fatigue

To assess the physical function, we measured grip strength,
usual gait speed, and 6MWD. Grip strength was measured once



on each side using a dynamometer (Grip-D, TKK 5401; Takei
Scientific Instruments Co., Niigata, Japan). and the average of
each pair of measurements was calculated. Usual gait speed was
measured over a 10-m distance between the 3- and 13-m marks of
a 16-m walkway. To measure the 6BMWD, we instructed patients
to walk a predetermined course as far as possible for 6 minutes.
The distance covered (in meters) by the patients in 6 minutes was
described as the 6MWD.

Fatigue was assessed using the Numerical Rating Scale (0,
absence of fatigue - 10, maximum fatigue) .

Patient characteristics, surgery-related variables, and data
collection

Age, gender, body mass index (BMI), Brinkman index, presence
of polypharmacy, pulmonary function, presence of diabetes
mellitus (DM), hypertension, cerebrovascular disease, chronic
obstructive pulmonary disease, and heart disease, Eastern
Cooperative Oncology Group performance status, cancer type
(colorectal or gastric), and pathological TNM stage (p-stage) were
recorded as patient characteristics. Polypharmacy was defined as
more than or equal to five daily medications and identified as the
predictive factor of PCs (Volakis et al., 2018) .

Surgery-related variables including surgical approach (open or
laparoscopic) . combined resection, operative time, blood loss,
and postoperative hospital LOS were recorded.

The preoperative serum levels of albumin, C-reactive protein
(CRP), and hemoglobin, white blood cell count, and total
lymphocyte count were collected from electronic medical records.
The PNI, a nutritional status indicator, was assessed using the
equation: PNI' = 10 X serum albumin (mg/dL) + 0.005 X total
lymphocyte count (Kanda et al., 2016) .

Statistical analysis

All continuous variables were expressed as median (interquartile
ranges) . Patients were divided into the following two groups
according to the grade of PCs: CD grade <2 and =2. Intergroup
differences were analyzed using the x 2 test or Fisher’ s exact test for
categorical variables and the Mann-Whitney U test for continuous
variables. Multivariate logistic regression analysis was performed
to identify the risk factors for developing PCs of CD grade =2. We
used the variables with p<0.05 as independent variables in this
analysis. Multivariate logistic regression analysis was performed
with (model 2) and without (model 1) total PA adjustment.
Finally, receiver operating characteristic (ROC) curve analysis was
performed to determine the optimal cutoff point of sedentary time.
All statistical analyses were performed using EZR version 1.40
(Saitama Medlical Center, Jichi Medical University, Saitama, Japan)
(Kanda, 2013).

Results

PCs classified as CD =2 occurred in 38 patients (33.9%) . The
most frequently observed PC was ileus (28.9%), followed by
anastomotic leakage and drain retrograde infection (18.4% each)
(Supplementary Table 1) .

Patient characteristics and comparisons of measured variables
between the CD <2 and CD =2 groups are shown in Table 1. No
significant differences were observed between the two groups,
except for BMI, sedentary time, operative time, and postoperative
hospital LOS. BMI was significantly higher in patients with CD
=2 than in those with CD <2 group (p<0.01). Preoperative
sedentary time, operative time, and postoperative hospital LOS
were significantly longer in patients with CD =2 than in those with
CD <2 (p<0.01, p=0.01, and p<0.01, respectively) . Combined
resection sites were mostly in the gall bladder (Supplemental
Table 2).

The results of multivariate logistic regression analysis are shown
in Table 2. Sedentary time, BMI, and operative time, all had a
value of p<0.05 on univariate analysis, and therefore, underwent
multivariate analysis as potential risk factors for PCs. Sedentary
time and BMI were identified as risk factors for developing PCs
with CD =2 independently of total PA. The respective odds ratios
for the occurrence of PCs with CD =2 were 1.29 (95% confidence
interval [Cl]: 1.09-1.53; p<0.01) and 1.17
(95%Cl: 1.01-1.36; p=0.03) in increments of 1 h/day for sedentary
time and 1 kg/m2 for BMI (Table 2) .

The area under the ROC curve for preoperative sedentary time
was 0.65 (95% Cl: 0.55-0.75; p<0.01) . The optimal cutoff point of
preoperative sedentary time for predicting PCs with CD grade =2
was 6 h/day (sensitivity 0.662, specificity 0.658) (Figure 1).

Patient characteristics and comparisons of measured variables
between patients with sedentary time <6 h/day and those with
sedentary time =6 h/day are shown in Table 3. Brinkman index and
CRP were significantly higher in patients with sedentary time =6 h/
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day compared to those with sedentary time <6 h/day (p=0.02
and p=0.03, respectively) . Significantly higher numbers of patients
with sedentary time =6 h/day were exposed polypharmacy, had
DM, and developed PCs with CD grade =2 compared to those
with sedentary time <6 h/day (p=0.02, p<0.01, and p<0.01,
respectively) . Total PA, vigorous-intensity activity, moderate-
intensity activity, and walking activity were significantly fewer
in patients with sedentary time =6 h/day than those with
sedentary time <6 h/day (p<0.01, p=0.03, p=0.01, and p<0.01,
respectively) .

Discussion

The present study demonstrated that PCs with CD grade =2 in
patients who underwent gastrointestinal cancer surgery could be
predicted by preoperative sedentary time independently of total
PA. Thus, preoperative sedentary time might be a useful screening
tool to identify patients at a high risk of PCs with CD grade =2
following gastrointestinal cancer surgery. To our knowledge,
the present study is the first to reveal the relationship between
preoperative sedentary time and PCs, independently of total PA, in
patients who underwent gastrointestinal cancer surgery.

In the present study, Brinkman index, CRP, and the number of

patients exposed to polypharmacy and had DM were significantly
higher among patients with sedentary time =6 h/day compared to
those with sedentary time <6 h/day. In previous studies, sedentary
time, as assessed by a questionnaire, was found to be associated
with insulin resistance, inflammatory markers, and the number
of medications (Celis-Morales et al., 2012; Yates et al., 2012;
Heseltine et al., 2015) .
Moreover, the preoperative Brinkman index, polypharmacy, DM,
and CRP were associated with PCs (Frisch et al., 2010; Kubo
et al. 2013; Xue et al., 2018; Yoshikawa et al., 2019) . Previous
experimental studies have indicated that even short-term
sedentary behavior affects systemic function. Restaino (2015)
reported that sitting for 6 hours markedly reduced lower leg micro-
and macrovascular dilator function in young healthy men. Hamburg
(2007) reported that 5-day bed rest increased insulin resistance,
serum glucose, total cholesterol, and systolic blood pressure, and
decreased calf blood flow in healthy volunteers. It was speculated
that prolonged sedentary time affected the systemic functions and
increased the risk of PCs; however, the detailed mechanisms are
unknown and require further study.

In the present study, the optimal cutoff point of preoperative
sedentary time for predicting PCs with CD grade =2 was 6 h/day,
with a sensitivity of 66.2% and specificity of 65.8%. One previous
study reported that individuals with sedentary time =6 h/day had
a higher risk of metabolic syndrome than those with sedentary
time <6 h/day (Petersen et al., 2014) . Another study showed
that individuals with sedentary time >5 h/day had higher all-
cause mortality than those with sedentary time <5 h/day (Larsson
and Wolk, 2019). Thus, we believe that our cutoff value (6 h/
day) is clinically significant in predicting PCs notwithstanding its
low sensitivity and specificity. According to Coqueiro (2017),
the cutoff point of sedentary time as assessed by IPAQ-SV was
7 h/day for predicting frailty; according to Ohashi (2018), that
for predicting sarcopenia was 8 h/day. The optimal cutoff value
may vary depending on the patient characteristics and outcomes;
therefore, further research is warranted.

We also revealed an association between BMI and PCs with
CD grade =2. A previous meta-analysis reported that BMI was
associated with PCs in patients with colorectal (Almasaudi et al.,
2018) and gastric cancer (Zhao et al., 2018) ; which corroborates
with our study results. In previous studies, operative time and
blood loss were significantly higher in high than in low BMI
patients (Hede et al., 2015; Feng et al., 2018) . suggesting that a
high BMI might predispose patients to more surgical stress.

In the present study, sedentary time was associated with PCs,
unlike preoperative PA, grip strength, usual gait speed, 6MWD,
PNI, and fatigue. This finding differed from those of previous
studies (Kanda et al., 2016; Hayashi et al.. 2017; Heldens et al.,
2017; Onerup et al.,, 2019) . Possibly, that physical functioning and
nutritional status may not directly reflect more sedentary time and
a lower level of PA. The results of the present study may suggest
the importance of reducing sedentary time rather than exercise
intervention to prevent PCs in patients without sarcopenia or
frailty, who have no or minimal physical function or nutritional
status decline.

Our study has several limitations. First, the results may not
adequately adjust for confounding factors due to a small number
of patient sample size. Thus, our results must be interpreted
with caution. Second, the present study included patients who
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underwent colorectal surgery and gastric surgery. Further studies
are necessary to separately analyze patients with colorectal and
gastric cancer. Finally, it was not possible to study the different
types of PCs because of the small patient sample size. It is
necessary to conduct further large-scale studies to analyze PCs by
type.

In conclusion, preoperative sedentary time could predict PCs in
patients who underwent surgery for gastrointestinal cancer.
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Table 1 Univariate analysis of patient characteristics and measured
variables in patients having PCs with CD grade <2 and =2

(D<2(n=74 CD=22(n=38) pvalue
Age, years 71 (64-77) 71 (63-80) 0.62
Gender, n (male/female) 44730 27 /11 0.27

22.0(19.5-246) 243(21.6-254)  <0.01
345 (0-620) 425 (0-762) 0.60
30/ 44 22/16 0.08

BMI, kg/nt
Brinkman index
Polypharmacy, n (yes/no)

%VC, % 96.3 (87.3-108.7) 93.9 (85.0-106.7)  0.37
FEV1.0%. % 78.3(735-82.8) 785 (72.9-83.5) 0.99
PS,n (0/1) 55719 32/6 023
DI, n (yes/no) 17157 15/23 0.06
HT. n (yes/no) 371737 20/18 0.79
CVD, n (yes/no) 8/66 3/35 0.74
COPD, n (yes/no) 2/72 1737 >0.99
HD, n (yes/no) 4/70 3/35 0.68
Cancer type, n (colorectal/gastric) 18 /56 13/25 0.26
P-stage, n (0>-1/1-N) 50/ 24 24714 0.64
PNI 48.1(43.8-53.3) 49.2 (45.1-53.1) 0.60
Albumin, g/dL 4.0 (3.7-43) 4.0 (3.643) 0.87
CRP, mg/dL 0.17 (0.07-0.48) 032 (0.13-0.57) 0.07

Hemoglobin, g/dL 126 (11.3-144) 13.1(11.2-14.8) 053

WBC, X10%/ L 6.3 (5.3-7.9) 6.5(5.3-7.3) 0.80
TLC, X10% L 1.6 (1.2-2.0) 1.7 (1.4-2.1) 0.12
Total PA, METs-h/week 1270 (282-2115) 1386 (693-2970)  0.26
Vigorous-intensity activity, y '

METsh/week 0000 000 049
Moderate-intensity activity,

METsh/week 0(0-240) 0(0-15) 0.53

Walking activity, METs-h/week
Sedentary time, h/day

1270 (282-2115) 1386 (693-2970)  0.41
4(2.757) 6 (4-8) <0.01

Grip strength, kg 25.4(19.9-32.6) 309 (21.5-35.5) 0.12
Usual gait speed, m/s 1.22(0.97-1.43) 1.32(1.13-1.49) 0.10
6MWD, m 467 (368-531) 460 (427-540) 0.36
Fatigue, points 0(0-3) 0(0-1) 0.47
fa“ggir‘;aslcz‘;sgoad" n (open/ 40/34 17/ 21 035
Combined resection, n (yes/no) 12/62 9/29 0.33

Operative time, min 245(189-313) 287 (229-407) 0.01

Blood loss, mL

89 (28-352) 142 (39-322)

0.16
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Postoperative hospital LOS, days ~ 11.5 (10-14) 21.5(16-32) <0.01

a, colorectal cancer only

CD. Clavien-Dindo; PCs, postoperative complications; BMI, body mass
index; %VC, % vital capacity; FEV1.0%, forced expiratory volume
in 1 second %; PS, performance status; DM, diabetes mellitus; HT,
hypertension; CVD, cerebrovascular disease; COPD, chronic obstructive
pulmonary disease; HD, heart disease; P-stage, pathological stage: PNI,
prognostic nutrition index; CRP, C-reactive protein; WBC, white blood

S
G

cell count; TLC, total lymphocyte count; PA, physical activity; METs, Al
metabolic equivalents; 6MWD, 6-minute walk distance; LOS, length of JD:
stay B
&
Table 2 Multivariate logistic regression analysis for the risk of PCs with T
CD grade =2 =
Model 1 e Model2 b
RE%C) P OR(95%C) P
Sedentary time, per 1 h/day  121(1.051400  <0.01 1.9 (1 09-1 53) <0.01
BMI, per 1 kg/ni 1.15(1.00-1.34) 0.05 17(1.01-1.36) 0.03 Uk
Operative time, per 1 min 1.00(0.99-1.00) 0.09 1.00 (0.99-1.00) 0.20 /l:\ Eé
Three variables with p<0.05 (i.e., sedentary time, BMI, and operative U
time) in univariate analysis were entered into the multivariate logistic 7|_
regression models. 5
Model 2 was adjusted for total PA. 3
CD, Clavien-Dindo; PCs, postoperative complications; OR, odds ratio; Cl, Y
confidence interval; BMI, body mass index; PA, physical activity lﬁ
7T
Table 3 Univariate analysis of patient characteristics and measured
variables in patients with sedentary time <6 h/day and =6 h/day +
Sedentary time  Sedentary time %’:‘
<6 h/day =6 h/day p value 7
(=62 (n=50) i
Age, years 68.5 (63-76.25) 74 (66.75-79.25) 0.05 &Y
Gender, n (male/female) 37/25 34716 0.36 4
B, kg/mi 23.1(20.0-25.3) 227 (19.9-24.9) 0.71
Brinkman index 200 (0-570) 500 (0-800) 0.02
Polypharmacy, n (yes/no) 23/39 29/21 0.02 ~
7]
%VC, % 96.3 (86.7-109.3) 94.8 (86.7-106.9)  0.81 &
FEV1.0%. % 78.3(73.8-83.6) 786 (71.6-82.6) 0.81 Ak
PS,n (0/1) 48/14 39/ 11 094 2
DM, n (yes/no) 11/51 21729 <0.01 =i
HT, n (yes/no) 28/ 34 29/ 21 0.17
CVD. n (yes/no) 6/56 5745 >0.99
COPD, n (yes/no) 1761 2/48 0.58
HD., n (yes/no) 3/59 4746 0.69 =
&
Cancer type, n (colorectal/ 19/13 32/18 007 =
gastric) g
P-stage, n (01 /1-IV) 43719 31719 0.41 §
PNI 47.6 (43.4-53.0) 49.2 (46.0-53.4) 0.16 ;
Albumin, g/dL 4.0 (3.6-4.3) 4.0 (3.8-4.3) 0.54 %
CRP, mg/dL 0.15 (0.07-0.48)  0.31 (0.13-0.50) 0.03
Hemoglobin, g/dL 125 (11.3-145) 13.0(11.1-14.9) 0.68
WBC, x10%/ uL 6.2(5.37.3) 6.7 (5.3-8.0) 0.41 =3
TLC, X103/ pL 16 (1.3-1.9) 1.8 (1.3-23) 0.24 %
Total PA, METs-h/week 1827 (855-3386) 763 (0-1386) <0.01 g
Vigorous-intensity activity,
METs-h/week 0(0-0) 0(0-0) 0.03
Moderate-intensity activity,
METsh/week 0 (0-480) 0(0-0) 0.01
Walking activity, METs-h/week 1386 (684-2772) 459 (0-1386) <0.01
Grip strength, kg 27.8(19.0-34.4) 27.3(20.7-33.4) 0.97 @&
Usual gait speed, m/s 1.28 (1.04-1.45) 1.18 (1.00-1.39) 0.15 SZ
MWD, m 475 (380-546) 452 (373-502) 0.32 }"J‘
Fatigue, points 0(0-1.5) 0(0-2 0.71
Surgical approach, n (open/ 28734 29721 017
laparoscopy)
Combined resection, n (yes/no) 11/51 10/ 40 0.76
Operative time, min 271 (195-365) 253 (206-339) 0.72
Blood loss, mL 100 (36-319) 115 (27-350) 0.78
PCs. n (yes/no) 13749 25/25 <0.01
Postoperative hospital LOS, days 12 (10-18) 14.5(10-22) 0.40

a, colorectal cancer only
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BMI, body mass index; %VC, % vital capacity; FEV1.0%, forced
expiratory volume in 1 second %; PS, performance status; DM,
diabetes mellitus; HT, hypertension; CVD, cerebrovascular
disease; COPD, chronic obstructive pulmonary disease; HD, heart
disease; P-stage, pathological stage; PNI, prognostic nutrition
index; CRP, C-reactive protein; WBC, white blood cell count; TLC,
total lymphocyte count; PA, physical activity; METs, metabolic
equivalents; 6BMWD, 6-minute walk distance; PCs, postoperative
complications; LOS, length of stay
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Figure 1. The receiver operating characteristic curve of
preoperative sedentary time for predicting PCs with CD grade =2.
The area under the curve was 0.65 (95% Cl: 0.55-0.75).

Supplemental Table1. List of PCs by CD grade

(D=22,n (%) D 2n CD3an

Surgical complications

lleus 11 (28.9) 10 1
Anastomotic leakage 7 (18.4) 1 6
Drain retrograde infection 7 (18.4) 2 5
Intra-abdominal abscess 5(13.1) 2 3
Diarrhea 4 (10.5) 4 0
Pancreas fistula 3(7.8) 1 2
Anastomotic stenosis 2 (5.2) 2 0
Delayed gastric emptying 2 (5.2) 2 0
Wound infection 2(5.2) 2 0
Chyle leak, 1(2.6) 1 0
Reflux esophagitis 1(2.6) 1 0
Systemic complications

Acute kidney failure 1(2.6) 1 0
Pulmonary embolism 1(2.6) 1 0
Pneumonia 1(2.6) 1 0
Sepsis 1(2.6) 1 0
Delirium 1(2.6) 1 0
Other 3(7.8) 1 0

PCs, postoperative complications; CD, Clavien-Dindo
Note: Multiple complications were observed in some patients. No
PCs of grade 3b or higher were observed.

Supplemental Table 2. List of combined resection sites

CD <2 (n=12),n CD =2 (n=9),n
gall bladder, 8 gall bladder, 8
colon, 1 colon, 1
appendix, 1 spleen, 1

testicular artery and vein, 1 urinary bladder, 1
coccyx, 1

CD. Clavien-Dindo
Note: Multiple combined resection sites were observed in some

patients.
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ABSTRACT

Dyslipidemia is a well-established risk factor for cardiovascular
disease. Experimental studies have reported that peroxisome
proliferator-activated receptor v (PPAR-7) regulates adipocyte differentiation,
lipid storage, and glucose metabolism. Therefore, we examined
the associations between PPAR-7 polymorphisms (rs1801282,
rs3856806, rs12497191, rs1151999, and rs1152003) and serum
lipids in two cross-sectional studies. In the Shizuoka area of the
Japan Multi-Institutional Collaborative Cohort Study, we examined
4,952 participants (3,356 men and 1,596 women) in a baseline
survey and 2,245 participants (1,550 men and 695 women)
in a second survey 5 years later. Outcome measures were the
prevalence of dyslipidemia (low-density lipoprotein-cholesterol
[LDL-C] =140 mg/dl, highdensity lipoprotein-cholesterol <40 mg/
dl, triglycerides =150 mg/dl, and/or use of cholesterol-lowering
drugs) and the prevalence of high LDL-C (LDL-C =140 mg/dl and/
or use of cholesterol-lowering drugs) . Multivariate odds ratios
(ORs) were estimated by using unconditional logistic regression
models. A total of 2,114 and 1.431 individuals (42.7% and
28.9%) had dyslipidemia and high LDL-C in the baseline survey,
respectively, as did 933 and 716 (41.6% and 31.9%) . respectively,
in the second survey. In the baseline study, compared with major
allele homozygotes, minor allele homozygotes of rs3856806
and rs12497191 had a 42% (OR, 0.58; 95% confidence interval
(Cl), 0.39-0.85) and 23% (OR, 0.77; 95% Cl, 0.60-0.99) lower
risk of dyslipidemia, respectively, after adjustment for potential
confounding factors. In addition, minor allele homozygotes of
rs3856806 had a 45% (OR, 0.55; 95% Cl, 0.35-0.86) lower risk
of high LDL-C. Similar risk reductions were found in the second
survey. In conclusion, rs3856806 and rs12497191 polymorphisms
may be related to a lower risk of dyslipidemia and high LDL-C.
Keywords: PPAR-7, polymorphism, dyslipidemia, LDL-cholesterol,
cross-sectional study



1. Introduction

Cardiovascular disease (ischemic heart disease and stroke) is
one of the leading causes of mortality and disability in the world
(GBD 2015 Mortality and Causes of Death Collaborators. 2016,
GBD 2017 DALYs and HALE Collaborators. 2018) . Dyslipidemia is
a well-established risk factor for cardiovascular disease (Baigent et
al. 2010, Boekholdt et al. 2013, Sarwar et al. 2007) ; specifically,
1.0 mmol/l (38.67 mg/dl) reduction in low-density lipoprotein-
cholesterol (LDL-C) is associated with a 22% risk reduction of
cardiovascular disease at 1 year (Baigent et al. 2010) . In Japan,
22.0% of men and 23.3% of women aged 20 years or older had
a serum LDL-C of 140 mg/dl or higher, and 13.0% of men and
18.0% of women were prescribed cholesterol-lowering drugs
according to the National Health and Nutrition Survey in Japan in
2018 (Ministry of Health, Labour and Welfare. 2018) . Therefore,
effective strategies are needed for prevention and treatment
of dyslipidemia to reduce mortality and disability caused by
cardiovascular disease.

Dyslipidemia results from both genetic and environmental
(lifestyle) factors (Anderson et al. 2013, Asselbergs et al. 2012) .
In a meta-analysis of 32 genome-wide association studies (GWAS),
many genes were proposed as candidate genetic factors,
including peroxisome proliferator-activated receptor v (PPAR-7)
(Asselbergs et al. 2012). In this study, PPAR-7 was associated
with LDL-C and high-density lipoprotein-cholesterol (HDL-C) .
PPARs are ligand-activated nuclear hormone receptors and consist
of three isotypes, PPAR-a, PPAR-B/ 6, and PPAR-7. PPAR-1 is
highly expressed in adipose tissue and plays an important role
in the regulation of adipocyte differentiation, lipogenesis, lipid
storage, insulin sensitivity, glucose metabolism, and transcription
of genes involved in these metabolic processes (Han et al.
2017) . Meta-analyses of observational studies have shown that
an rs1801282 polymorphism (PPAR-1 Pro12Ala) is associated
with an increased risk of obesity and cardiovascular disease and
a decreased risk of type 2 diabetes and diabetic nephropathy
(Galbete et al. 2013, Li Y et al. 2015, Gouda et al. 2010, Li T et al.
2015) . Moreover, an rs3856806 polymorphism (PPAR-y C161T)
is associated with an increased risk of coronary artery disease
and a decreased risk of myocardial infarction and acute coronary
syndrome (Wang et al. 2015, Qian et al. 2016) . Many natural and
synthetic ligands influence the expression of PPAR-7. The synthetic
thiazolidinedione agonist, pioglitazone, which is an antidiabetic
drug in clinical use, improves not only insulin sensitivity and
glycemic control, but also plasma triglycerides, HDL-C, LDL particle
concentration, and LDL particle size (Han et al. 2017, Schernthaner
et al. 2013). Therefore, PPAR-1 polymorphisms are probably
related to the risk of dyslipidemia.

To date, many epidemiological studies have examined
associations between PPAR-7Y polymorphisms and serum lipid
levels (Li Q et al. 2015). However, a number of issues remain
unclear. First, few studies examined PPAR-7 single nucleotide
polymorphisms (SNPs) other than rs1801282 and rs3856806 (Li
Q et al. 2015) . Second, the sample sizes of these epidemiological
studies were relatively small, and few had more than 1,000
participants (Tai et al. 2004) . Third, few studies adjusted for
potential confounding factors (e.g., demographic factors and
lifestyle factors) (Tai et al. 2004, Moon et al. 2005, Yang et al.
2009, Gu et al. 2013, Gu et al. 2014a, Chehaibi et al. 2014, Gu
et al. 2014b, Rooki et al. 2014, Fan et al. 2015) . Fourth, many
studies did not include community dwellers but patients with
disease (Wang et al. 1999, Arashiro et al. 2003, Chao et al. 2004,
Moon et al. 2005, Tavares et al. 2005, Hui et al. 2008, Evangelisti
et al. 2009, Yang et al. 2009, Haseeb et al. 2009, Wan et al. 2010,
Chen et al. 2011, Yilmaz-Aydogan et al. 2011, Zhou et al. 2012,
Hung et al. 2012, Bhatt et al. 2013, Gu et al. 2013, Chehaibi et
al. 2014, Rooki et al. 2014) . Clarification of the roles of PPAR-Y
polymorphisms in general populations is necessary to develop
strategies for primary prevention.

We therefore aimed to elucidate the association of PPAR-71
polymorphisms, including rarely studied ones, with serum lipid
levels in many community-dwelling adults while considering
detailed information about their lifestyle.

2. Materials and methods
2.1. Study design and participants

We conducted two cross-sectional studies using baseline and
secondary survey data from the Shizuoka part of the Japan Multi-
Institutional Collaborative Cohort (J-MICC) Study (Hamajima and
J-MICC Study Group 2007, Asai et al. 2009) . Participants were
recruited from health check examinees aged 35-69 years living
in central and west parts of Shizuoka Prefecture. Among 13,740
examinees meeting eligibility criteria, 5,040 persons (37%) were
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enrolled from 2006 to 2007. Lifestyle and medical history including
drug usage were surveyed using a self-administered questionnaire.
Blood samples were collected, and height and weight were also
measured at the health checkup. We excluded 88 participants; 33
individuals withdrew consent until August 2019, one was younger
than 35 years old at the time of the baseline survey, nine and five
individuals had missing values in all PPAR-7 SNPs and one or more
serum lipid concentrations, respectively, and 40 individuals had
triglycerides =400 mg/dl, leaving 4,952 participants for analyses in
the baseline survey. Next, the participants were invited to respond
to the second survey between 2012 and 2013, which was about
5 years after the baseline survey. The questionnaire survey and
the health checkup were repeated in a total of 2,300 persons.
After excluding 42 individuals with missing values in relevant
variables (three in all PPAR-7 SNPs, 36 in one or more serum lipid
concentrations, one in use of cholesterol-lowering drugs, and two
in age) and 13 individuals with triglycerides =400 mg/dl, 2,245
participants were included in the analyses for the second survey.
2.2. Informed consent and approval of the study protocol

The objective and procedures of the study were explained to
participants using mailed documents before their health checkups,
and a video and face-to-face explanation at the time of the
checkups. Participants then provided written informed consent.
The Shizuoka part of the J-MICC Study was approved by the
ethics committee of Nagoya University Graduate School of
Medicine (approval number 2011-1248) .

2.3. Outcomes

We defined dyslipidemia and high LDL-C as outcomes. Serum
total cholesterol, HDL-C, and triglycerides were measured directly
in blood samples. Serum LDL-C values were calculated using the
Friedewald formula (total cholesterol — HDL-C — triglycerides/5) .
Dyslipidemia was defined as LDL-C =140 mg/dl, HDL-C <40 mg/dl,
triglycerides =150 mg/dl, and/or self-reported use of cholesterol-
lowering drugs based on the Japan Atherosclerosis Society
Guidelines for dyslipidemia (Teramoto et al. 2013). The criteria
are similar to the treatment targets and goals for cardiovascular
disease prevention in the 2016 ESC/EAS Guidelines for the
Management of Dyslipidemia (Catapano et al. 2016) . High LDL-C
was defined as LDL-C 2140 mg/dl and/or self-reported use of
cholesterol-lowering drugs.

2.4. SNP selection and genotyping

We examined associations between serum lipids and
polymorphisms of the following SNPs in PPAR-7: rs1801282,
rs3856806, rs12497191, rs1151999, and rs1152003. These
SNPs were selected based on a reference search. rs1801282 is
located in exon B, and its cytosine-to-guanine substitution leads
to a proline-to-alanine missense mutation (Pro12Ala) . rs3856806
is located in exon 6, and its cytosine-to-thymine substitution
produces a nonsynonymous codon (C1431T or C161T).
rs12497191 (A/Q) is located in the promoter, and rs1151999 (A/
C) and rs1152003 (G/C) are located in introns.

DNA was extracted from the buffy coat using a BioRobot® M48
(QIAGEN Group, Tokyo, Japan) and was stored at —80 C . The
DNA samples were genotyped using the multiplex polymerase
chain reaction-based DigiTag2 assay (Nishida et al. 2007) . The
encoding reaction was started at 95°C for 5 min, followed by 58 ‘C
for 15 min using a thermal cycler. The labeling reaction was
incubation at 95°C for 1 min, followed by 30 cycles of 95C for 30 s,
55C for 6 min, and 72°C for 30 s.

2.5. Covariates

When assessing associations of the PPAR-y SNPs with
dyslipidemia and high LDL-C, we considered the following
demographic and lifestyle factors as covariates: sex, age
(continuous) , smoking status (never, former, current, missing) ,
alcohol consumption (all participants and men: 0, 0.1-22.9, 23.0-
45.9, =46.0 g/day. missing; women: 0, 0.1-22.9, =23.0 g/day.
missing) , body mass index (continuous), leisure-time physical
activity (0, 0.1-0.9, =1.0 metabolic equivalent (MET) -h/day,
missing) . saturated fatty acid intake (continuous) . and total fiber
intake (continuous) . Alcohol consumption was calculated as
ethanol (g/day) based on dose and frequency of drinking of each
alcoholic beverage. Body mass index was calculated as weight (kg)
divided by height (m) squared. Leisure-time physical activity was
calculated as MET-h/day using intensity, duration, and frequency of
three levels of physical activity. Intake of saturated fatty acids and
total fiber (g/day) was estimated using a validated food frequency
questionnaire (Tokudome et al. 2005) .

2.6. Statistical analysis

We examined associations of participant characteristics with
dyslipidemia using the chi-square test of independence for
categorical variables (smoking status, alcohol consumption, and
leisure-time physical activity) and the Mann-Whitney test for
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continuous variables (age, body mass index, saturated fatty acid
intake, total fiber intake, serum LDL-cholesterol, HDL-cholesterol,
and triglycerides) . The Mann-Whitney test was applied because
visual inspection of the histograms of all the continuous variables
confirmed that they all deviated from normality. We calculated
allele and genotype frequencies for each polymorphism, and
used the chi-square goodness-of-fit test to examine deviation
from Hardy-Weinberg equilibrium. Pairwise linkage disequilibrium
coefficients (D') between SNPs were calculated using the LDpair
based on Japanese population data of Phase 3 (Version 5) of the
1000 Genomes Project (LDpair. 2020) .

We examined associations of the SNPs with dyslipidemia and
high LDL-C by using unconditional logistic regression models. We
built two models: 1) adjusted for sex and age or age only; 2)
adjusted for the model 1 covariates plus smoking status, alcohol
consumption, body mass index, leisure-time physical activity,
saturated fatty acid intake, and total fiber intake. The SNPs were
incorporated into the regression model as follows: codominant
models (major allele homozygotes versus heterozygotes, and
major allele homozygotes versus minor allele homozygotes) and
additive models (including the number of minor alleles as an
independent variable) . We conducted regression analyses with all
the participants and by sex.

In addition, we calculated point estimates and standard errors of
the percent population attributable risk (%PAR) using the following
formulae (Szklo et al. 2014) :
%PAR =100 X fpe X (OR — 1)}/ {pe x (OR — 1) + 1}
Standard error = 100 X ' cTfad (T — ¢) + bc? / {(a + ) 3(c +d)3}
95% confidence interval (Cl) = %PAR £ 1.96 X standard error
where pe is the exposure prevalence in the population, OR is
the odds ratio, T is the number of the total population, a is the
number of individuals with exposure and disease, b is the number
with exposure and without disease, ¢ is the number without
exposure and with disease, and d is the number without exposure
and disease. The relative risks were approximated by ORs in the
present analysis. Point estimates of the OR between major allele
homozygotes and heterozygotes were almost equal to unity, so
we combined these individuals into the non-exposed group in
%PAR estimations.

All statistical tests were two-sided. P < 0.05 was considered
statistically significant, and P < 0.10 was considered marginally
significant. Stata 13.1 (Stata Corp LP, College Station, TX, USA)
was used for statistical analysis.

3. Results
3.1. Characteristics and genotypes of the participants

Of the 4,952 participants (3.356 men and 1,596 women), 2,114
(42.7%, 1,571 men and 543 women) had dyslipidemia and 1,431
(28.9%, 957 men and 474 women) had high LDL-C at the baseline
survey. Of the 2,245 participants (1,550 men and 695 women) ,
933 (41.6%, 674 men and 259 women) had dyslipidemia and 716
(31.9%. 490 men and 226 women) had high LDL-C at the second
survey. Table 1 compares characteristics between participants
with dyslipidemia and those without at the baseline survey by
sex. In both sexes, participants with dyslipidemia tended to be
older, drink less alcohol, have a higher body mass index, and have
higher serum concentrations of LDL-C and triglycerides and a
lower concentration of HDL-C. In addition, men with dyslipidemia
were likely to currently smoke, engage in less leisure-time physical
activity, and consume less total dietary fiber, and women with
dyslipidemia were likely to engage in more leisure-time physical
activity and consume less saturated fatty acids and more fiber. A
total of 208 men and 113 women with dyslipidemia (13.2% and
20.8%, respectively) used cholesterol-lowering drugs.

Only the genotype distribution of rs12497191 significantly
deviated from Hardy-Weinberg equilibrium (P = 0.019). The
deviation, however, was relatively small; the expected numbers of
PP, PA, and AA genotypes were 2,861 (57.8%). 1.806 (36.5%) .
and 285 (5.8%), respectively, and those observed were 2,891
(58.3%), 1,746 (35.3%), and 315 (6.4%) , respectively. The minor
allele frequencies were 0.034 in rs1801282, 0.156 in rs3856806,
0.240 in rs12497191, 0.442 in rs1151999, and 0.417 in
rs1152003. Significant linkage disequilibrium was found between
rs1801282 and rs3856806 (D' = 0.802, P < 0.0001), between
rs3856806 and rs12497191 (D' = 0.646, P < 0.0001) , between
rs3856806 and rs1152003 (D' = 0.695, P < 0.0001), between
rs12497191 and rs1151999 (D' = 0.962, P < 0.0001), and
between rs12497191 and rs1152003 (D' = 0.581, P < 0.0001) .
3.2. Associations of polymorphisms with dyslipidemia and high
LDL-C in the baseline survey

In the codominant models, the TT genotype of rs3856806
showed a 42% lower risk of dyslipidemia in all participants

(multivariate OR 0.58; 95% Cl, 0.39 to 0.85) and a 49% lower
risk in men (multivariate OR 0.51; 95% CI, 0.32 to 0.81)
compared with the CC genotype. In addition, the GG genotype
of rs12497191 showed a 23% lower risk of dyslipidemia in all
participants (multivariate OR 0.77; 95% Cl, 0.60 to 0.99) and
a 33% lower risk in men (multivariate OR 0.67; 95% Cl, 0.49 to
0.91) compared with the AA genotype. In the additive models, an
increase in the minor allele of rs3856806 marginally reduced the
risk of dyslipidemia in men (Table 2).

In the codominant models, the TT genotype of rs3856806
showed a 45% lower risk of high LDL-C in all participants
(multivariate OR 0.55; 95% Cl, 0.35 to 0.86) and a 47% lower risk
in men (multivariate OR 0.53; 95% Cl, 0.31 to 0.90) compared
with the CC genotype. The GG genotype of rs12497191 showed
a marginally lower risk of high LDL-C compared with the AA
genotype in men. In the additive models, an increase in the minor
allele of rs1151999 marginally reduced the risk of high LDL-C in
women (Table 3).

%PAR of dyslipidemia in all participants was —1.16% (95% Cl, —
1.19 to —1.12) and —1.50% (95% Cl, —1.58 to —1.41) for minor
allele homozygotes of rs3856806 and rs12497191, respectively.
%PAR of high LDL-C in all participants was —1.23% (95% Cl, —1.27
to —1.19) for minor allele homozygotes of rs3856806.

3.3. Associations of polymorphisms with dyslipidemia and high
LDL-C in the second survey

eTable 1 compares characteristics between participants with
dyslipidemia and those without at the second survey by sex.
In both sexes, participants with dyslipidemia tended to drink
less alcohol, have a higher body mass index, and show higher
serum concentrations of LDL-C and triglycerides and a lower
concentration of HDL-C. In addition, women with dyslipidemia
were likely to be older. A total of 187 men and 81 women with
dyslipidemia (27.7% and 31.3%, respectively) used cholesterol-
lowering drugs.

For dyslipidemia, the TT genotype of rs3856806 showed a
marginally lower risk in all participants and a 57% lower risk
in men (multivariate OR 0.43; 95% Cl, 0.21 to 0.88) compared
with the CC genotype in the codominant models. The CA and
AA genotypes of rs1151999 showed a marginally lower risk
compared with the CC genotype in women. In the additive models,
an increase in the minor allele of rs12497191 and rs1151999
marginally reduced the risk in women (eTable 2) .

For high LDL-C, the TT genotype of rs3856806 showed a
marginally lower risk in men. In addition, the GG genotype
of rs12497191 showed a 40% lower risk in all participants
(multivariate OR 0.60; 95% Cl, 0.39 to 0.92) and a marginally
lower risk in men compared with the AA genotype in the
codominant models. In the additive models, an increase in the
minor allele of rs12497191 showed a 28% lower risk of high LDL-C
in women (multivariate OR 0.72; 95% Cl, 0.54 to 0.97) (eTable 3).

4. Discussion

In these two cross-sectional studies, we examined associations
between PPAR-7 polymorphisms and serum lipids. In the baseline
survey, minor allele homozygotes of rs3856806 and rs12497191
were associated with a lower risk of dyslipidemia, and minor allele
homozygotes of rs3856806 were correlated with a lower risk of
high LDL-C in all and male participants. Similar associations were
found in the second survey.

Only a few studies have examined associations between PPAR-
7 polymorphisms and dyslipidemia. Gu et al. reported that the
CT and TT genotypes of rs3856806 had a 58% and 123% higher
risk of dyslipidemia, respectively, compared with the CC genotype
group (Gu et al. 2014a) . Their finding is inconsistent with ours
in which we showed that the TT genotype of rs3856806 had a
42% lower risk of dyslipidemia in the baseline survey (Table 2).
The minor allele frequency was 0.265 in Gu et al.” s study and
0.156 in ours. We suggest the following hypotheses to explain
this discrepancy. First, residual confounding may have biased Gu
et al.’ s findings. Although Gu et al. adjusted for age, body mass
index, waist circumference, smoking, and alcohol consumption, we
further adjusted for physical activity, saturated fatty acid intake,
and total fiber intake (we did not adjust for waist circumference) .
However, in additional multivariate regression analysis using our
baseline data incorporating the same confounding factors as in
the analyses of dyslipidemia and high LDL-C, SNPs of rs3856806
and rs12497191 were not significantly associated with physical
activity, saturated fat intake, and total fiber intake (all P = 0.086;
data not shown) . Therefore, we did not consider residual
confounding to be the main cause of the discrepancy between the
studies. Another hypothesis is concerned with clinical differences
between the population of Gu et al." s study and ours. The



prevalence of dyslipidemia was 23.4% in their study, and 42.7%
and 41.6% in our baseline and second surveys, respectively. The
criteria of dyslipidemia in Gu et al.” s study did not include the use
of cholesterol-lowering drugs, and they did not exclude users of
these drugs from study participation. Therefore, their study may
have judged cholesterol-lowering drug users as non-dyslipidemic.
Furthermore, in Gu et al.” s study. the proportions of men (32.9%) .
current smokers (24.3%) . and current alcohol drinkers (25.0%)
were greatly different from those in our study (67.8%, 17.1%, and
60.9%, respectively) . As a result, susceptibility to dyslipidemia
and the mechanism of dyslipidemia development may be different
between the two populations. Although we found a significant
risk reduction for dyslipidemia in minor allele homozygotes of
rs12497191, to our knowledge, this association has not been
reported in other epidemiological studies. Further studies,
therefore, are needed to verify this association.

Concerning the associations between the PPAR-7 SNPs and high
LDL-C, we found a 45% risk reduction in minor allele homozygotes
(TT) of rs3856806 at baseline. A recent meta-analysis reported
that the CT+TT genotype of C161T (rs3856806) had a not
significantly lower LDL-C concentration than the CC genotype
(coefficient —1.93 mg/dl; 95% Cl, —4.64 to 1.16), and the CT+TT
genotype of C1431T (rs3856806) had a not significantly lower
LDL-C concentration (coefficient —5.41 mg/dl; 95% Cl, —11.60
to 0.77) than the CC genotype in Asian populations (Li Q et al.
2015) . Our results corroborated these previous findings in a larger
population.

To date, a number of GWAS have reported candidate SNPs
that may influence serum lipid levels (Kathiresan et al. 2007,
Kathiresan et al. 2008, Aulchenko et al. 2009, Kathiresan et al.
2009, Chasman et al. 2008, Teslovich et al. 2010, Asselbergs et
al. 2012, Zhou et al. 2013, Surakka et al. 2015) . Among them, a
meta-analysis of GWAS in 2012 showed an association of PPAR-
7 polymorphisms with serum HDL-C levels (rs12631819) and
weak associations with LDL-C levels (rs7646510, rs17036321, and
rs4135361) (Asselbergs et al. 2012) . Other GWAS did not report
associations between PPAR-7y polymorphisms and serum lipid
levels (Kathiresan et al. 2007, Kathiresan et al. 2008, Aulchenko
et al. 2009, Kathiresan et al. 2009, Chasman et al. 2008, Teslovich
et al. 2010, Zhou et al. 2013, Surakka et al. 2015) . In our study,
we found significant associations of dyslipidemia and high LDL-C
with SNPs not detected in GWAS. We found no significant linkage
disequilibrium between rs3856806 or rs12497191 and SNPs
detected in GWAS except for a linkage disequilibrium between
rs12497191 and rs12631819. In additional multivariate logistic
regression analysis using our baseline data, we found no significant
association between rs12497191 and low HDL-C (HDL-C <40 mg/
dl and/or self-reported use of cholesterol-lowering drugs) (data
not shown) .

Experimental studies have suggested some mechanisms to
explain the association between PPAR-71 polymorphisms and
serum lipids. A moderate reduction in PPAR- Y activity due
to heterozygous PPAR-1 deficiency or a PPAR-7 antagonist
decreases the triglyceride content of white adipose tissue, skeletal
muscle, and liver via activation of leptin expression, increased fatty
acid combustion, and suppression of lipogenesis, thereby leading
to amelioration of insulin resistance and obesity (Yamauchi et al.
2001a, Yamauchi et al. 2001b) . Therefore, inactivation of PPAR-r
in minor allele homozygotes may reduce the risk of dyslipidemia
and high LDL-C.

The strengths of our study include a larger sample size
than previous studies, detailed information about lifestyle,
and adjustment for potential confounding factors. In addition,
we examined the association between rarely studied SNPs
(rs12497191, rs1151999, and rs1152003) and serum lipids.
On the other hand, some limitations need to be noted. First,
serum LDL-C was not directly measured but estimated from total
cholesterol, HDL-C, and triglycerides. Nevertheless, because the
correlation between the estimate with the Friedewald equation
and direct measure of LDL-C is strong (r = 0.976) (Mora et al.
2009), we assume that our estimate of LDL-C is valid. Second,
in rs1801282, the low minor allele frequency prevented us from
estimating the risk. Finally, because the present investigation is
composed of two cross-sectional studies, cohort studies on larger
samples are warranted to confirm causality. However, genotypes
were allocated at conception, and thus, the present investigation
is unlikely to have been affected by reverse causation.

Our findings have some potential implications for clinical
practice. Major alleles of rs3856806 and rs12497191 may
be responsible for dyslipidemia in community-dwelling adults.
Therefore, information about these genotypes could be used to
assess the risk of dyslipidemia for primary prevention. In the future,
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we should analyze gene-environment interactions, which will
provide more precise information for prevention.

In conclusion, minor allele homozygotes of rs3856806 and
rs12497191 had a lower risk of dyslipidemia, and minor allele
homozygotes of rs3856806 had a lower risk of high LDL-C. Some
of these associations were replicated in the second survey.
Therefore, individuals who are homozygous for the major allele
of these SNPs may need more lifestyle modifications and frequent
observations than others for prevention and early detection
of dyslipidemia and high LDL-C. Further studies including
prospective ones are warranted to clarify the influence of PPAR-7
polymorphisms on serum lipids.
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Table 1. Characteristics of participants by diagnosis of dyslipidemia at the baseline survey %
Men Women -
Variables Dyslipidemia Non—dyslipidemia P value® Dyslipidemi Non-—dyslipid P value® ;?:i
Number of participants 1,571 1,785 543 1,053 Bfl:
Age (years), mean = SD
532+ 8.4 524+ 90 0.024 554+ 72 490+ 85 <0.001
Smoking status, n (%)
Never 455 (29.0) 614 (34.4) <0001 491 (904) 940 (89.3) 0.618 y F
Former 704 (44.8) 800 (44.8) 27 (5.0) 64 (6.1) )\ BR
Current 409 (26.0) 370 (20.7) 25 (46) 44 (42) E'H
Missing 3 (02 101 0 (0.0 5 (0.5) 0
Alcohol consumption (g/day), n (%) T
0.0 411 (26.2) 372 (20.8) 0.001 360 (66.3) 616 (585) 0.006 |
0.1-22.9 642 (40.9) 743 (416) 154 (284) 369 (350) Z
23.0-45.9 289 (18.4) 371 (20.8) 12 22) 36 (3.4 3
246.0 168 (10.7) 230 (12.9) 0 (00 0 00 Vi
Missing 61 (3.9) 69 (3.9) 17 (3.1) 32 (3.0) 5
Body mass index (Kg/mz). mean = SD BT_C
241 =29 228 =27 <0001 229 = 31 215 =29 <0.001
Leisure—time physical activity (MET—h/day)", n (%) s
0.0 179 (11.4) 178 (10.0) 0.008 76 (14.0) 217 (20.6) 0.002 &
0.1-09 649 (41.3) 675 (37.8) 183 (337) 379 (36.0)
>1.0 711 (45.3) 908 (50.9) 261 (481) 434 (412) B
Missing 32 (2.0) 23 (1.3) 23 (42) 23 (2.9) a
Saturated fatty acid intake (g/day), mean = SD -
109 = 26 109 =23 0210 114+ 25 17 +27 0.029 v
Total fiber intake (g/day), mean = SD 7
102+ 27 103 =28 0.028 125+ 35 118 %32 <0.001
LDL—cholesterol (mg/dl), mean % SD 1341 +31.8 108.1 = 19.8 <0.001 1470+ 279 1048 £195 <0.001
HDL—cholesterol (mg/dl), mean = SD 520+ 136 629+ 148 <0.001 651 +158 742+ 161 <0.001
Triglycerides (mg/dl), mean = SD 156.2 = 68.8 87.9 + 285 <0.001 1125 £53.3 70.6 + 26.1 <0.001 "
Use of cholesterol-lowering drugs, n (%) 208 (13.2) 0 (0.0) 113 (20.8) 0 (0.0) &
*Characteristics of participants were compared between diagnosis groups using the chi-square test of independence for categorical variables, and the Mann— 18
Whitney test for continuous variables. Ak
®1.0 MET-h/day is about the median in participants above 0.0 MET—h/day- i
2B
g
Table 2. Cross—sectional associations between SNPs and prevalent dyslipidemia at the baseline survey” &
P
=
All participants E
i o . |
SNP Genotype Participants (n) Dyslipidemia (n) (%) s andeenadius od Multivariate Fg
OR (95% CI) OR (95% G f?"':_
Codominant (2
PP 4614 1972 (42.7) 1.00 (reference) 1.00 (reference)
rs1801282 PA 335 140 (41.8) 0.97 (0.77 to 1.22) 091 (0.72 to 1.16)
AA 3 2 (66.7) 271(0.24 to 30.26) 2.68 (023 to 31.35) -
Additive 0.99 (0.79 to 1.23) 0.93 (0.74 to 1.18) %
Codominant b
cC 3,539 1514 (42.8) 1.00 (reference) 1.00 (reference) 2
rs3856806 TC 1,277 557 (43.6) 1.04 (091 to 1.18) 1.04 (0.90 to 1.19)
1T 134 43 (32.1) 0.62 (0.42 to 0.90) 0.58 (0.39 to 0.85)
Additive 0.95 (0.85 to 1.06) 0.94 (0.83 to 1.05)
Codominant
AA 2,891 1,233 (42.7) 1.00 (reference) 1.00 (reference)
rs12497191 GA 1,746 770 (44.1) 1.07 (095 to 1.21) 1.03 (0.91 to 1.17)
GG 315 111 (35.2) 0.75 (0.59 to 0.96) 0.77 (0.60 to 0.99) =
Additive 0.96 (0.88 to 1.06) 0.95 (0.86 to 1.05) hve
Codominant }9\
cc 1572 672 (42.8) 1.00 (reference) 1.00 (reference) =
rs1151999 CA 2,377 1,022 (43.0) 1.02 (0.89 to 1.16) 100 (0.87 to 1.15)
AA 1,002 420 (41.9) 0.97 (0.83 to 1.15) 0.95 (0.80 to 1.12)
Additive 0.99 (0.91 to 1.07) 0.98 (0.90 to 1.06)
Codominant
GG 1,671 724 (43.3) 1.00 (reference) 1.00 (reference)
rs1152003 GC 2,433 1,037 (42.6) 0.99 (0.87 to 1.12) 1.00 (0.88 to 1.14)
CC 846 352 (41.6) 093 (0.79 to 1.11) 093 (0.78 to 1.11)
Additive 0.97 (0.89 to 1.05) 0.97 (0.89 to 1.06)
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Table 2. Continued

Men
SNP Genotype Participants (n) Dyslipidemia (n) (%) Age-adjusted Multivariate®
OR (95% CI) OR (95% CI)
Codominant
PP 3,129 1,463 (46.8) 1.00 (reference) 1.00 (reference)
rs1801282 PA 224 106 (47.3) 1.02 (0.78 to 1.34) 0.98 (0.74 to 1.30)
AA 3 2 (66.7) 2.40 (0.22 to 26.55) 221 (0.19 to 25.88)
Additive 1.04 (0.80 to 1.36) 1.01 (0.76 to 1.32)
Codominant
CC 2,392 1,130 (47.2) 1.00 (reference) 1.00 (reference)
rs3856806 TC 868 409 47.1) 1.00 (0.85 to 1.16) 099 (0.84 to 1.16)
TT 94 32 (34.0) 0.57 (0.37 to 0.89) 0.51 (0.32 to 0.81)
Additive 091 (0.80 to 1.04) 0.89 (0.77 to 1.02)
Codominant
AA 1,971 920 (46.7) 1.00 (reference) 1.00 (reference)
rs12497191 GA 1,179 575 (48.8) 1.09 (0.94 to 1.26) 1.07(0.92 to 1.24)
GG 206 76 (36.9) 0.67 (0.50 to 0.91) 0.67 (0.49 to 0.91)
Additive 095 (0.85 to 1.06) 0.94 (0.83 to 1.05)
Codominant
cC 1,068 499 (46.7) 1.00 (reference) 1.00 (reference)
rs1151999 CA 1,612 763 (47.3) 1.03 (0.88 to 1.20) 1.04 (0.89 to 1.22)
AA 676 309 (45.7) 097 (080to 1.17) 097 (0.80 to 1.18)
Additive 0.99 (0.90 to 1.09) 0.99 (0.90 to 1.09)
Codominant
GG 1,150 531 (46.2) 1.00 (reference) 1.00 (reference)
rs1152003 GC 1,637 778 (47.5) 1.06 (0.91 to 1.23) 1.08 (0.92 to 1.26)
CC 569 262 (46.1) 099 (081 to 1.21) 097 (0.79 to 1.20)
Additive 1.01(0.91 to 1.11) 1.00 (091 to 1.11)

Table 2. Continued

Women

SNP Genotype Participants (n) Dyslipidemia (n) (%)

Age—adjusted
OR (95% CI)

Multivariate®

OR (95% CD)

rs1801282

rs3856806

rs12497191

rs1151999

rs1152003

PP
PA

CcC
TC
TT

GA
GG

CcC
CA

GG
GC
CC

Codominant
1,485
111
0
Additive

Codominant
1,147
409
40
Additive

Codominant
920
567
109
Additive

Codominant
504
765
326
Additive

Codominant
521
796
277
Additive

509
34

384
148
1

313
195
35

173
259
111

193
259
90

(34.3)
(306)
(00)

(33.5)
(36.2)
(27.5)

(34.0)
(34.4)
(32.1)

(34.3)
(33.9)
(34.1)

(37.0)
(32.5)
(32.5)

1.00 (reference)
0.89 (0.57 to 1.38)

0.89 (0.57 to 1.38)

1.00 (reference)
1.19 (0.92 to 153)
0.79 (0.37 to 1.68)

1.09 (0.88 to 1.35)

1.00 (reference)
0.99 (0.78 to 1.26)
0.89 (0.57 to 1.40)

0.97 (0.81 to 1.15)

1.00 (reference)
1.01 (0.79 to 1.30)
091 (0.67 to 1.25)
0.96 (0.82 to 1.12)

1.00 (reference)
087 (0.68 to 1.11)
0.79 (0.57 to 1.10)

0.89 (0.76 to 1.04)

1.00 (reference)
0.83 (0.53 to 1.32)

0.83 (0.53 to 1.32)

1.00 (reference)
1.22 (0.94 to 1.59)
0.80 (0.37 to 1.76)
1.11 (0.89 to 1.39)

1.00 (reference)
093 (0.73 to 1.18)
0.97 (0.61 to 1.54)

0.96 (0.80 to 1.15)

1.00 (reference)
0.93 (0.72 to 1.21)
0.85 (0.61 to 1.17)

0.92 (0.79 to 1.08)

1.00 (reference)
0.85 (0.66 to 1.10)
0.81 (0.58 to 1.14)

0.89 (0.76 to 1.05)

SNP, single nucleotide polymorphism; OR, odds ratio; CI, confidence interval.

*Dyslipidemia was defined as serum LDL-cholesterol 2140 mg/dl, HDL-cholesterol <40 mg/dl, triglycerides 2150 mg/dl,
and/or self-reported use of cholesterol-lowering drugs.

°Adjusted for sex (only for all participants). age (continuous), smoking status (never, former, current, missing). alcohol
consumption (all participants and men: 0, 0.1-22.9, 23.0-459, >46.0 g/day, missing women: 0, 0.1-22.9, >23.0 g/day,

missing), body mass index (continuous), leisure—time physical activity (0.0, 0.1-0.9, 21.0 MET-h/day, missing), saturated

fatty acid intake (continuous), and total fiber intake (continuous).
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Table 3. Cross—sectional associations between SNPs and prevalent high LDL-C at the baseline survey®

All participants

SNP Genotype Participants (n) High LDL-C (n) (%)

Sex— and age—adjusted

OR (95% CI)

Multivariate”

OR (95% G

rs1801282

rs3856806

rs12497191

rs1151999

rs1152003

PP
PA

CcC
TC
T

823

CC
CA

GG

CC

Codominant
4614
335
3
Additive

Codominant
3,539
1,277
134
Additive

Codominant
2,891
1,746
315
Additive
Codominant
1,572
2377
1,002
Additive
GCodominant
1.671
2433
846
Additive

1,335

1,028
377
26

843
513

465
675
291

688
240

(28.9)
(28.4)
(33.3)

(29.1)
(29.5)
(19.4)

(29.2)
(29.4)
(23.8)

(29.6)
(28.4)
(29.0)

(30.0)
(28.3)
(28.4)

1.00 (reference)
0.97 (0.76 to 1.25)
158 (0.14 t0 17.72)
0.98 (0.77 to 1.26)

1.00 (reference)
1.03 (0.89 to 1.19)
0.59 (0.38 to 0.91)

0.94 (0.83 to 1.06)

1.00 (reference)
1.01 (0.89 to 1.16)
0.77 (0.59 to 1.02)

0.95 (0.85 to 1.05)

1.00 (reference)
0.95 (0.83 to 1.10)
0.98 (0.82 to 1.17)

0.99 (0.90 to 1.08)

1.00 (reference)
0.93 (0.81 to 1.06)
0.91 (0.76 to 1.10)

0.95 (0.87 to 1.04)

1.00 (reference)
094 (0.73 to 1.21)
1.56 (0.14 to 17.68)
095 (0.74 to 1.22)

1.00 (reference)
1.03 (0.89 to 1.19)
0.55 (0.35 to 0.86)

0.93 (0.82 to 1.06)

1.00 (reference)
0.99 (0.86 to 1.13)
0.80 (0.60 to 1.05)
0.94 (0.85 to 1.04)

1.00 (reference)
0.93 (0.80 to 1.07)
0.97 (0.81 to 1.16)
0.98 (0.89 to 1.07)

1.00 (reference)
0.94 (0.81 to 1.08)
092 (0.76 to 1.11)
0.96 (0.87 to 1.05)

Table 3. Continued

Men
SNP  Genotype Participants (n) High LDL=C (n) (%) Aenradsieted Muttivariate®
OR (95% CI) OR (95% CI)
Codominant
PP 3,129 891 (28.5) 1.00 (reference) 1.00 (reference)
rs1801282 PA 224 65 (29.0) 1.02 (0.76 to 1.38) 1.00 (0.74 to 1.35)
AA 3 1 (33.3) 1.37 (0.12 to 15.16) 1.26 (0.11 to 14.28)
Additive 1.03 (0.77 to 1.38) 1.00 (0.75 to 1.35)
Codominant
cC 2,392 693 (29.0) 1.00 (reference) 1.00 (reference)
rs3856806 TC 868 246 (28.3) 0.97 (0.82 to 1.15) 0.97 (0.82 to 1.16)
TT 94 18 (19.2) 0.58 (0.34 to 0.97) 0.53 (0.31 to 0.90)
Additive 0.90 (0.78 to 1.04) 0.89 (0.76 to 1.03)
Codominant
AA 1,971 565 (28.7) 1.00 (reference) 1.00 (reference)
rs12497191 GA 1,179 347 (29.4) 1.04 (0.89 to 1.22) 1.02 (0.87 to 1.20)
GG 206 45 (21.8) 0.71 (0.50 to 1.00) 0.72 (0.50 to 1.02)
Additive 0.94 (0.83 to 1.07) 0.94 (0.82 to 1.06)
Codominant
GC 1,068 306 (28.7) 1.00 (reference) 1.00 (reference)
rs1151999 CA 1,612 455 (28.2) 0.98 (0.83 to 1.17) 0.98 (0.82 to 1.16)
AA 676 196 (29.0) 1.03 (0.83 to 1.27) 1.03 (0.83 to 1.28)
Additive 1.01 (091 to 1.12) 1.01 (0.91 to 1.13)
Codominant
GG 1,150 334 (29.0) 1.00 (reference) 1.00 (reference)
rs1152003 GC 1,637 466 (28.5) 0.97 (0.82 to 1.15) 0.99 (0.83 to 1.17)
cC 569 157 (27.6) 0.93 (0.74 to 1.16) 0.92 (0.73 to 1.16)
Additive 0.97 (0.87 to 1.08) 0.97 (0.86 to 1.08)
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Table 3. Continued

Women
SNP  Genotype Participants (n) High LDL-C (n) (%) Ageadjusted Multivariate”
OR (95% CI) OR (95% CI)
Codominant
PP 1,485 444 (29.9) 1.00 (reference) 1.00 (reference)
rs1801282 PA 111 30 _(27.0) 0.91 (0.57 to 1.45) 0.89 (0.55 to 1.43)
AA 0 0 (0.0)
Additive 0.91 (0.57 to 1.45) 0.89 (0.55 to 1.43)
Codominant
cC 1,147 335 (29.2) 1.00 (reference) 1.00 (reference)
rs3856806 TC 409 131 (32.0) 1.22 (0.94 to 1.58) 1.25 (0.95 to 1.63)
T 40 8 (20.0) 0.62 (0.27 to 1.43) 0.60 (0.26 to 1.42)
Additive 1.07 (0.86 to 1.34) 1.09 (0.86 to 1.37)
Codominant
AA 920 278 (30.2) 1.00 (reference) 1.00 (reference)
rs12497191 GA 567 166 (29.3) 093 (0.72 to 1.18) 0.88 (0.68 to 1.13)
GG 109 30 (27.5) 0.85 (0.53 to 1.36) 0.91 (0.56 to 1.48)
Additive 0.92 (0.77 to 1.11) 092 (0.76 to 1.11)
Codominant
cC 504 159 (31.6) 1.00 (reference) 1.00 (reference)
rs1151999 CA 765 220 (28.8) 0.89 (0.69 to 1.16) 0.84 (0.64 to 1.10)
AA 326 95 (29.1) 0.81 (0.58 to 1.12) 0.76 (0.54 to 1.06)
Additive 0.90 (0.76 to 1.05) 0.87 (0.74 to 1.02)
Codominant
GG 521 168 (32.3) 1.00 (reference) 1.00 (reference)
rs1152003 GC 796 222 (27.9) 0.87 (0.67 to 1.12) 0.85 (0.66 to 1.11)
GC 277 83 (30.0) 0.89 (0.63 to 1.25) 0.91 (0.65 to 1.29)
Additive 0.93 (0.79 to 1.10) 0.94 (0.79 to 1.11)

SNP, single nucleotide polymorphism; OR, odds ratio; Cl, confidence interval.

"High LDL-cholesterol was defined as serum LDL—cholesterol 2140 mg/dl and/or self-reported use of cholesterol-

lowering drugs.

hAdjusted for sex (only for all participants), age (continuous), smoking status (never, former, current, missing), alcohol
consumption (all participants and men: 0, 0.1-22.9, 23.0-45.9, >46.0 g/day, missing; women: 0, 0.1-22.9, >23.0 g/day,
missing), body mass index (continuous), leisure-time physical activity (0.0, 0.1-0.9, 21.0 MET-h/day, missing), saturated
fatty acid intake (continuous), and total fiber intake (continuous).

eTable 1. Characteristics of participants by diagnosis of dyslipidemia in the second survey

Men Women
Variables Dyslipid Non-dyslipidemia P value® Dyslipide mia MNon—dyslipid P value*
Mumber of persons 674 876 259 436
Age (years), mean = SD
58.0 £ 83 574 £ 85 0228 592 £ 7.5 541 =84 <0.001
Smoking status, n (%)
MNever 214 (31.8) 317 (36.2) 0128 236 (91.1) 392 (88.9) 0619
Former 354 (52.5) 443 (50.6) 15 (58) 33 (71.6)
Current 106 (15.7) 116 (13.2) 8 (31) 11 (25)
Alcohol consumgtion (g/dav), n (%)
0.0 210 (31.2) 216 (24.7) 0.041 177 (68.3) 246 (56.4) 0.025
01-229 268 (39.8) 388 (44.3) 72 (218) 159 (36.5)
230-459 111 (16.5) 146 (16.7) 9 (35) 17 (39)
246.0 69 (10.2) 101 (11.5) 0 (00) 0 00
Missing 16 (24) 25 (29) 1 (04) 14 (32
Body mass index (kg/m’), mean + SD
239 £ 29 228 27 <0.001 228 £ 34 214 = 3.1 <0.001
Leisure-time physical activity (MET—h/day)®, n (%)
0.0 77 14 110 (12.6) 0.264 42 (16.2) 95 (21.8) 0.208
0.1-09 245 (36.4) 282 (32.2) 104 (40.2) 159 (36.5)
210 343 (50.9) 465 (53.1) 106 (40.9) 175 (40.1)
Missing 9 (1.3) 19 (22) 7@n 7 (1.6)
Saturated fatty acid intake (g/day), mean £ SD
108 = 24 109 =23 0.342 1M5+27 115 24 0380
Total fiber intake (g/day), mean = SD
102 £ 2.7 104 = 3.0 0425 1.7 = 30 117 =33 0537
LDL—cholesterol (mg/dl), mean = SD 130.9 = 303 109.1 =193 <0.001 138.6 = 326 1089 = 206 <0.001
HDL-cholesterol (mg/dl), mean %= SD 56.9 + 144 662 + 153 <0.001 684 + 159 782 = 161 <0.001
Triglycerides (mg/dl), mean = SD 1424 = 631 860 =295 < 0.001 1164 = 587 706 = 246 <0.001
Use of cholesterol-lowering drugs. n (%) 187 (27.1) 0 (00) 81 (31.3) 0 (00O)

“Characteristics of participants were compared between diagnosis groups using the chi-square test of independence for categorical varigbles, and the Mann—

Whitney test for continuous variables.

1.0 MET-h/day is about the median in participants above 0.0 MET—h/day.
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eTable 2. Cross-sectional associations between SNPs and prevalent dyslipidemia at the second survey®

All participants

Sex— and age—adjusted

Multivariate®

SNP Genotype Participants (n) Dyslipidemia (n) (%)
OR (95% CI OR (95% CI)
Codominant
PP 2,092 865 (41.4) 1.00 (reference) 1.00 (reference)
rs1801282 PA 151 68 (45.0) 1.18 (084 to 1.64) 1.12(0.79 to 1.59)
AA 2 0 (0.0)
Additive 1.11 (080 to 1.565) 1.07 (0.76 to 1.50)
GCodominant
CC 1,592 650 (40.8) 1.00 (reference) 1.00 (reference)
rs3856806 TC 590 265 (44.9) 1.17 (0.97 to 1.42) 1.16 (0.95 to 1.42)
TT 62 18 (29.0) 0.58 (0.33 to 1.02) 0.58 (0.32 to 1.03)
Additive 1.02 (087 to 1.20) 1.01 (0.86 to 1.20)
Codominant
AA 1,308 535 (40.9) 1.00 (reference) 1.00 (reference)
rs12497191 GA 800 350 (43.8) 1.13 (0.94 to 1.35) 1.09 (091 to 1.32)
GG 137 48 (35.0) 0.80 (0.55 to 1.15) 0.81 (055 to 1.19)
Additive 1.00 (0.87 to 1.15) 0.99 (0.86 to 1.15)
Codominant
cC 700 294 (42.0) 1.00 (reference) 1.00 (reference)
rs1151999 CA 1,079 458 (42.5) 1.03 (0.85 to 1.25) 1.01(0.82 to 1.23)
AA 465 180 (38.7) 0.88 (0.69 to 1.12) 0.84 (0.65 to 1.08)
Additive 0.95 (0.84 to 1.07) 0.92 (0.82 to 1.05)
Codominant
GG 790 330 (41.8) 1.00 (reference) 1.00 (reference)
rs1152003 GC 1,103 464 (42.1) 1.02 (0.84 to 1.23) 1.04 (0.86 to 1.26)
CcC 352 139 (39.5) 0.92 (0.71 to 1.19) 0.93 (0.71 to 1.21)
Additive 0.97 (0.86 to 1.10) 0.98 (0.86 to 1.11)

eTable 2. Continued

Men
o T
SNP Genotype Participants (n) Dyslipidemia (n) (%) Ageradusted Mtrgaato
OR (95% CI) OR (95% CI)
Codominant
PP 1,451 626 43.1) 1.00 (reference) 1.00 (reference)
rs1801282 PA 97 48 '(49.5) 1.29 (0.85 to 1.94) 1.16 (0.76 to 1.78)
AA 2 0 0.0)
Additive 1.18 (0.79 to 1.75) 1.07 (0.71 to 1.61)
Codominant
CC 1,093 467 (42.7) 1.00 (reference) 1.00 (reference)
rs3856806 TC 413 196 (47.5) 1.21 (0.96 to 1.51) 1.18 (093 to 1.49)
TT 43 11 (25.6) 0.45 (0.23 to 0.91) 0.43 (0.21 to 0.88)
Additive 1.00 (0.83 to 1.22) 0.98 (0.81 to 1.20)
Codominant
AA 911 380 41.7) 1.00 (reference) 1.00 (reference)
rs12497191 GA 540 257 (47.6) 1.27 (1.02 to 1.57) 1.24 (1.00 to 1.55)
GG 99 37 (374) 0.84 (0.55 to 1.30) 0.88 (057 to 1.36)
Additive 1.078 (0.91 to 1.27) 1.08 (091 to 1.27)
Codominant
CC 485 206 (42.5) 1.00 (reference) 1.00 (reference)
rs1151999 CA 747 342 (45.8) 1.15 (0.91 to 1.44) 1.16 (0.91 to 1.47)
AA 318 126 (39.6) 0.90 (0.67 to 1.20) 0.88 (0.65 to 1.18)
Additive 0.97 (0.84 to 1.11) 0.96 (0.83 to 1.11)
Codominant
GG 555 233 (42.0) 1.00 (reference) 1.00 (reference)
rs1152003 GC 756 342 (45.2) 1.14 (091 to 1.42) 1.16 (0.92 to 1.46)
CC 239 99 (41.4) 0.98 (0.72 to 1.33) 0.96 (0.70 to 1.31)
Additive 1.02 (0.88 to 1.18) 1.01 (0.87 to 1.18)
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eTable 2. Continued

Women
SNP Genotype Participants (n) Dyslipidemia (n) (%) AworRaisind Mukivariste
OR (95% CI) OR (95% CI
Codominant
PP 641 239 (37.3) 1.00 (reference) 1.00 (reference)
rs1801282 PA 54 20 _(37.0) 1.05 (0.57 to 1.91) 1.22 (0.64 to 2.32)
AA 0 0 0.0)
Additive 1.05 (0.57 to 1.91) 1.22 (0.64 to 2.32)
Codominant
cc 499 183 (36.7) 1.00 (reference) 1.00 (reference)
rs3856806 TC 177 69 (39.0) 1.14 (0.79 to 1.65) 1.18 (0.80 to 1.73)
TT 19 7 (36.8) 1.27 (0.48 to 3.40) 1.47 (0.52 to 4.15)
Additive 1.14 (0.84 to 1.55) 1.19 (0.86 to 1.65)
Codominant
AA 397 155 (39.0) 1.00 (reference) 1.00 (reference)
rs12497191 GA 260 93 (35.8) 0.81 (057 to 1.13) 0.76 (0.53 to 1.09)
GG 38 11 (29.0) 0.60 (0.28 to 1.28) 0.57 (0.26 to 1.25)
Additive 0.79 (0.60 to 1.04) 0.76 (0.57 to 1.01)
Codominant
CC 215 88 (40.9) 1.00 (reference) 1.00 (reference)
rs1151999 CA 332 116 (34.9) 0.77 (053 to 1.12) 0.72 (0.48 to 1.05)
AA 147 54 (36.7) 0.73 (0.46 to 1.15) 0.67 (0.41 to 1.08)
Additive 0.85 (0.67 to 1.06) 0.81 (0.64 to 1.02)
Codominant
GG 235 97 (41.3) 1.00 (reference) 1.00 (reference)
rs1152003 GC 347 122 (35.2) 0.87 (0.61 to 1.25) 0.90 (0.62 to 1.31)
CC 113 40 (35.4) 0.79 (0.49 to 1.29) 0.91 (0.55 to 1.53)
Additive 0.89 (0.70 to 1.12) 0.95 (0.74 to 1.21)

SNP, single nucleotide polymorphism; OR, odds ratio; CI, confidence interval.

*Dyslipidemia was defined as serum LDL—cholesterol 2140 mg/dl, HDL-cholesterol <40 mg/dl, triglycerides 2150 mg/dl,
and/or self-reported use of cholesterol-lowering drugs.

®Adjusted for sex (only for all participants), age (continuous), smoking status (never, former, current), alcohol
consumption (all participants and men: 0, 0.1-229, 23.0-45.9, >46.0 g/day, missing; women: 0, 0.1-22.9, >23.0 g/day,

missing), body mass index (continuous), leisure-time physical activity (0.0, 0.1-0.9, 21.0 MET-h/day, missing), saturated

fatty acid intake (continuous), and total fiber intake (continuous).

eTable 3. Cross—sectional associations between SNPs and prevalent high LDL-C at the second survey®

All participants

Sex— and age—adjusted

Multivariate®

SNP Genotype Participants (n) High LDL-C (n) (%)
OR (95% CI) OR (95% CI)
Codominant
PP 2,092 663 (31.7) 1.00 (reference) 1.00 (reference)
rs1801282 PA 151 53 (35.1) 1.16 (0.82 to 1.65) 1.13 (0.79 to 1.62)
AA 2 0 (0.0)
Additive 111 (0.79 to 1.57) 1.08 (0.76 to 1.53)
Codominant
CC 1,592 497 (31.2) 1.00 (reference) 1.00 (reference)
rs3856806 TC 590 205 (34.8) 1.17 (0.95 to 1.43) 1.16 (0.95 to 1.43)
T 62 14 (22.6) 0.63 (0.34 to 1.16) 0.65 (0.35 to 1.20)
Additive 1.03 (0.87 to 1.23) 1.04 (0.87 to 1.23)
Codominant
AA 1,308 418 (32.0) 1.00 (reference) 1.00 (reference)
rs12497191 GA 800 269 (33.6) 1.07 (0.89 to 1.29) 1.05 (0.86 to 1.27)
GG 137 29 (21.2) 0.59 (0.38 to 0.91) 0.60 (0.39 to 0.92)
Additive 0.92 (0.79 to 1.07) 0.91 (0.78 to 1.06)
Codominant
cC 700 223 (31.9) 1.00 (reference) 1.00 (reference)
rs1151999 CA 1,079 355 (32.9) 1.06 (0.87 to 1.31) 1.04 (0.85 to 1.29)
AA 465 137 (29.5) 0.90 (0.69 to 1.16) 0.88 (0.68 to 1.15)
Additive 0.96 (0.85 to 1.09) 0.95 (0.84 to 1.08)
Codominant
GG 790 250 (31.7) 1.00 (reference) 1.00 (reference)
rs1152003 GC 1,103 362 (32.8) 1.06 (0.87 to 1.29) 1.07 (0.88 to 1.31)
CC 352 104 (29.6) 0.91 (0.69 to 1.20) 0.92 (0.70 to 1.22)
Additive 0.98 (0.86 to 1.11) 0.98 (0.86 to 1.12)
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Men
SNP Genotype Participants (n) High LDL-C (n) (%) figs-adusted Multivariate®
OR (95% CI) OR (95% CI)
Codominant
PP 1,451 454 (31.3) 1.00 (reference) 1.00 (reference)
rs1801282 PA 97 36 (37.1) 1.28 (0.84 to 1.97) 1.23 (0.79 to 1.89)
AA 2 0 0.0)
Additive 1.19 (0.79 to 1.81) 1.14(0.75 to 1.73)
Codominant
cc 1,003 339 (31.0) 1.00 (reference) 1.00 (reference)
rs3856806 TC 413 143 (34.6) 1.17 (092 to 1.49) 1.16 (0.91 to 1.48)
TT 43 8 (18.6) 049 (023 to 107) 049 (0.22 to 1.09)
Additive 1.00 (0.82 to 1.23) 1.00(0.81 to 1.23)
Codominant
AA 911 280 (30.7) 1.00 (reference) 1.00 (reference)
rs12497191 GA 540 190 (36.2) 1.23 (098 to 1.54) 1.20 (0.95 to 1.51)
GG 99 20 (20.2) 0.59 (0.35 to 0.98) 0.60 (0.36 to 1.01)
Additive 0.98 (0.82 to 1.17) 098 (0.82 to 1.17)
Codominant
cc 485 148 (30.5) 1.00 (reference) 1.00 (reference)
rs1151999 CA 147 254 (34.0) 1.18 (092 to 1.51) 1.18 (0.92 to 1.52)
AA 318 88 (21.1) 0.89 (0.65 to 1.21) 0.89 (0.65 to 1.23)
Additive 0.97 (0.83 to 1.12) 097 (083 to 1.13)
Codominant
GG 555 164 (29.6) 1.00 (reference) 1.00 (reference)
rs1152003 GC 156 258 (34.1) 1.22 (096 to 1.55) 1.24 (0.98 to 1.58)
CC 239 68 (28.5) 0.95 (0.68 to 1.33) 0.95 (0.68 to 1.34)
Additive 1.02 (0.87 to 1.20) 1.03 (0.88 to 1.20)

eTable 3. Continued

Women
SNP Genotype Participants (n) High LDL-C (n) (%) Ageadjusted Multivariate’
OR (95% CI) OR (95% CI)
Codominant
PP 641 209 (32.6) 1.00 (reference) 1.00 (reference)
rs1801282 PA 54 17 (31.5) 1.01 (0.54 to 1.88) 1.12 (0.58 to 2.16)
AA 0 0 .0)
Additive 1.01 (0.54 to 1.88) 1.12 (0.58 to 2.16)
Codominant
cC 499 158 (31.7) 1.00 (reference) 1.00 (reference)
rs3856806 TC 177 62 (35.0) 1.22 (0.84 to 1.79) 1.24 (0.84 to 1.84)
TT 19 6 (31.6) 1.30 (0.47 to 3.61) 1.45 (0.50 to 4.19)
Additive 1.19(0.87 to 1.64) 1.23(0.88 to 1.71)
Codominant
AA 397 138 (34.8) 1.00 (reference) 1.00 (reference)
rs12497191 GA 260 79 (30.4) 0.75 (0.53 to 1.07) 0.72 (0.50 to 1.04)
GG 38 9 (23.7) 0.55 (0.24 to 1.23) 0.52 (0.23 to 1.19)
Additive 0.75 (0.56 to 0.99) 0.72 (0.54 to 0.97)
Codominant
(o]o] 215 75 (34.9) 1.00 (reference) 1.00 (reference)
rs1151999 CA 332 101 (30.4) 0.82 (0.56 to 1.20) 0.78 (0.52 to 1.15)
AA 147 49 (33.3) 0.81 (0.51 to 1.30) 0.78 (0.48 to 1.26)
Additive 0.89 (0.71 to 1.13) 0.87 (0.68 to 1.11)
Codominant
GG 235 86 (36.6) 1.00 (reference) 1.00 (reference)
rs1152003 GC 347 104 (30.0) 0.85 (0.59 to 1.23) 0.87 (0.59 to 1.28)
CC 113 36 (31.9) 0.83 (0.50 to 1.37) 0.94 (0.56 to 1.58)
Additive 0.90 (0.71 to 1.15) 0.95 (0.74 to 1.22)

SNP, single nuclectide polymorphism; OR, odds ratio; CI, confidence interval.
®High LDL-cholesterol was defined as serum LDL-cholesterol 2140 mg/dl and/or self-reported use of cholesterol-

lowering drugs.

bAdjl.lStEd for sex (only for all participants), age (continuous), smoking status (never, former, current), alcohol
consumption (all participants and men: 0, 0.1-22.9, 23.0-45.9, 246.0 g/day, missing; women: 0, 0.1-22.9, >23.0 g/day,

missing), body mass index (continuous), leisure-time physical activity (0.0, 0.1-0.9, 21.0 MET-h/day, missing), saturated

fatty acid intake (continuous), and total fiber intake (continuous).
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Abstract

Purpose: To examine the anatomic and visual outcomes after
removal of foveal hard exudates through a macular hole created
by subretinal balanced salt solution (BSS) injection.

Methods: This was a retrospective, consecutive, case series. Six
patients (7eyes) underwent vitrectomy with removal of foveal
hard exudates. All patients were women and the mean age
was 65 years (range from 55 to 71). All patients had a history
of panretinal photocoagulation. Previous treatments included
intravitreal anti-vascular endothelial growth factor injection in 1
eye and vitrectomy in both eyes of one patient. The geometric
mean preoperative decimal visual acuity was 0.11 (range from 0.08
to 0.3). The mean postoperative follow-up period was 12 months
(range from 6 to 19). The status of lens was 2 phakic and 5
pseudophakic. Surgical procedures included simultaneous cataract
surgery if phakic, creation of posterior vitreous detachment if not
present, internal limiting membrane (ILM) peeling and a gas or
air tamponade. Manual subretinal BSS injection using 38-gauge
needle was performed at ILM peeled area. Removal of foveal hard
exudates was conducted by the water flow through the macular
hole created during subretinal BSS injection.

Results: Foveal hard exudates decreased in all cases early after
surgery. The geometric mean final decimal visual acuity was 0.31
(range from 0.1 to 0.9). Visual acuity improved more than 0.2
LogMAR units in 6 eyes and unchanged in 1 eye. There was no
severe complication and recurrence of macular edema.
Conclusion: This procedure may be effective for foveal hard
exudates in diabetic patients.

Key words: Foveal hard exudates, diabetic macular edema,
diabetic retinopathy, vitrectomy, 38G cannula

Introduction

Diabetic macular edema (DME) is a leading cause of visual
impairment in patients with diabetes. Retinal hard exudates
are commonly coexisted with DME. Increasing amounts of hard
exudates associated with progression of retinopathy, high serum
lipid level, and risk of visual impairment [1.2]. Although extrafoveal
hard exudates do not influence visual acuity, persistent foveal hard
exudates can evolve into subretinal fibrosis with irreversible visual
loss [3]. Many treatment methods, such as photocoagulation [4-
6], lipid lowering medication [7-10], corticosteroid [11-15] and
anti-vascular endothelial growth factor (VEGF) [16-18] have
been reported to be effective in the decrease of hard exudates.
Although these treatments are not invasive, visual improvement
could not be expected for foveal hard exudates.

In the 1980 s, surgical removal of foveal hard exudates
started with reference to trans retinal removal of choroidal
neovascularization [19]. Several authors performed surgical
removal of hard exudates using 20-gauge vitrectomy systems
through retinal incision using subretinal forceps and subretinal

infusion [20-26]. However, this method is not suitable for current
small incision vitrectomy.

Recently, it has become possible to create retinal detachment
by subretinal balanced salt solution (BSS) injection using 38-gauge
cannula in small incision vitrectomy [27.28]. We removed foveal
hard exudates through a macular hole created by subretinal BSS
injection. The purpose of this study is to assess the results of
consecutive cases with the procedure.

Method

This was a retrospective, consecutive, interventional case series
conducted in the single center. This study was approved by the
Institutional Review Board of Kamiiida daiichi General hospital. All
patients provided written informed consent for participation in the
study. This research adhered to the tenets of the Declaration of
Helsinki.

Six patients (7eyes) underwent vitrectomy with removal of
foveal hard exudates from June 2018 to June 2019 at the Kamiiida
daiichi General hospital. All patients were women and the mean
age was 65 years (range from 55 to 71 years) . All patients had a
history of panretinal photocoagulation at least three months before
surgery. Previous treatments included two times of intravitreal anti-
vascular endothelial growth factor injection before 6 months in 1
eye and vitrectomy before 2 months and 8 months in both eyes
of one patient. The geometric mean preoperative decimal visual
acuity was 0.11 (range from 0.08 to 0.3) . The status of lens was
2 phakic and 5 pseudophakic. The mean postoperative follow-up
period was 12 months (range from 6 to 19) .

At each examination all patients underwent comprehensive
ophthalmological examination and swept-source optical
coherence tomography (SS-OCT; DRI OCT-1 Atlantis; Topcon,
Tokyo, Japan) measurements. The central retinal thickness (CRT)
was automatically measured using built-in software.

Surgeries were consisted of a 25 or 27 gauge three port
vitrectomy with the internal limiting membrane (ILM) peeling
around three disc diameter of the fovea using brilliant blue
dyes. If the posterior hyaloid detachment was not present, the
triamcinolone acetonide assisted induction was conducted. The
cataract surgery was performed simultaneously if the patient
had phakic eye. Subretinal BSS injection was conducted using
a 38-gauge subretinal infusion needle (MedOne Surgical Inc.,
Sarasota, FL, USA) at the ILM peeled area through 25-gauge
infusion cannula. We did not use a viscous fluid-control system
(Alcon Laboratories, Fort Worth, TX, USA) and manually injected
BSS with constant speed and pressure to the subretinal space
to create a foveal detachment. Macular hole developed during
subretinal BSS injection. Foveal hard exudates were removed
indirectly through macular hole by the water flow. We applied BSS
pressure to foveal hard exudates through macular hole avoiding
the contact between the retina and the tip of the subretinal
infusion needle so that foveal hard exudates reduced as much as
possible. We were also careful not to injure Bruch” s membrane
during the procedures. The fluid-air exchange was performed with
one following day prone positioning.
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Table 1. Characteristics of the study eyes R
Previous BCVA in decimal CRT(¢m) Follow-up Complication %
Case Age Sex Eye treatments DR Lens PVD ME SRD gauge PC® Gas Pre Max Post Pre Post (mos) {_ﬁ
1 70 F R Vit* NPDR IOL + - . 25 - SF6 009 04 04 265 197 18 None Bz
1 70 F L. Vit® NPDR IOL + + + 27 - SF6 01 04 04 430 190 12 None
2 55 F L PRP PDR Phakia + - = 25 + Ar 03 10 0.9 186 306 19 VH
3 69 F R PRP NPDR IOL = - o 25 + SF6 008 03 0.3 168 195 12 None U E
4 58 F R PRP PDR  IOL - - - 25 + Ar 015 02 015 207 224 9 VH )\ R
5 il F L PRP NPDR IOL + *= - 27 - SF6 008 05 04 305 296 9 None EEEI
6 62 F R anti-VEGF® NPDR Phakia - = = 27 + SF6 006 0.1 0.1 121 169 6 None ba
BCVA=best corrected visual acuity, CRT=central retinal thickness, DR=diabetic retinopathy, :l
PVD=posterior vitreous detachment, ME=macular edema, SRD=subretinal detachment, 3
PC=photocoagulation, Vit=vitrectomy, PRP=panretinal photocoagulation y-/—
NPDR=nonproliferative diabetic retinopathy, PDR=proliferative diabetic retinopathy, VH=vitreous hemorrhage 5
IOL=intraocular lens, VEGF=vascular endothelial growth factor
a=before two months, b=before 8 months, c=two times, d=peripheral intraoperative PC +
R
H
7
U
W
7
7
&
Post 12days VA=0.06 Post 18M  VA=0.4 : 4 ¢ ' el *JJ:
Pre  VA=0.15 Post2M  VA=0.1 PostOM  VA=0.15 =
S
Figure 4 Color fundus photograph and optical coherence B
tomography image of Case4
]
&
Post 10days VA=0.1
i
. . B
Figure 1 Color fundus photograph and optical coherence %
tomography image of Casel. Images of right eye (Upper) . Images |
of left eye (Lower) 2
5%
Pre  VA=0.08 PostIM VA0S e Post8M  VA=0.4
Figure 5 Color fundus photograph and optical coherence
tomography image of Case5 %
b}
]

Pre VA=0.3 Post4days VA=0.3 Post19M VA=0.9

Figure 2 Color fundus photograph and optical coherence
tomography image of Case2 BN

| ) 5 4
Pre  VA=0.06 Postl14days VA=0.09 Post6M  VA=0.1 ﬁi

Figure 6 Color fundus photograph and optical coherence
tomography image of Case6

. Post 10days  VA=0.1 Post 12M  VA=0.3

Figure 3 Color fundus photograph and optical coherence
tomography image of Case3
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Figure 7 Time course of the visual acuity of all patients

Result

Table1 shows the characteristics and postoperative outcomes
for all patients. Figure1 to 6 show the clinical course of fundus
photographs and horizontal cross sectional OCT images of
preoperative, early postoperative and final examination. Figure 7
presents time course of the visual acuity of all patients. Foveal hard
exudates decreased in all cases at early postoperative period and
gradually diminished thereafter. All patients noticed a decrease in
central scotoma after surgery. The geometric mean final decimal
visual acuity was 0.31 (range from 0.1 to 0.9). The mean visual
acuity in LogMAR was 0.97£0.23 preoperatively and 0.51£0.31 at
final visit. The final visual acuity improved more than 0.2 LogMAR in
6 eyes and unchanged in 1 eye. The mean CRT in 5 eyes without
macular edema and serous retinal detachment was 189+53 um
preoperatively and 218+53 um at final visit. Vitreous hemorrhage
occurred 2 months postoperatively and resolved spontaneously
(Case2) . Persistent vitreous hemorrhage was washed out 3 weeks
postoperatively (Case4). No other severe complication developed
intraoperatively and postoperatively. There was no recurrence of
foveal hard exudates or macular edema.

Discussion

We presented 7 eyes of 6 patients that underwent small incision
vitrectomy and removal of foveal hard exudates through a macular
hole created by subretinal BSS injection at the site where the ILM
had been removed using 38-gauge needle. Foveal hard exudates
decreased early after surgery in all cases and visual acuity
improved in most cases. There were no serious complications.

The natural history of the foveal hard exudates is poor. Avci
et al [25] reported surgical excision of plaque-like foveal hard
exudates resulted in better anatomical and functional outcome
when compared to observation. In our all cases, the whole hard
exudates reduced during follow-up period. However, there is a
possibility that vitrectomy alone might decrease the hard exudates
[24,29]. Two papers [24,29] showed outcomes of vitrectomy
alone for foveal hard exudates with visual improvement better
than 20/200 in only one patient among 21 patients. In the
present study, foveal hard exudates decreased early after surgery,
even in two vitrectomized eyes (Case1). Additionally, visual
acuity improved better than 20/200 in all cases. It is suggested
that surgical removal of foveal hard exudates might give further
advantages to the effect of vitrectomy alone.

The advantages of this technique are small incision vitrectomy
and efficient removal of foveal hard exudates that affects visual
acuity can be performed through a macular hole by water flow.
Since the hole formation is hydraulic, it can be done with minimal
invasiveness. Moreover, using water flow seems less invasive than
subretinal forceps. The disadvantage of this technique is that
creating a macular hole and water pressure adjustment is manual.

Surgical removal of foveal hard exudates can more or less
damage the retina and might result in further loss of vision during
longer follow-up period. Sakuraba et al [21] reported favorable
outcomes in the first 6 eyes, but finally poor outcomes [24].
Naito et al [26] and our previous study [22] presented favorable
outcomes with average follow-up period of 24 and 36 months,
respectively. The mainly used manner of removal of foveal hard
exudates was subretinal forceps in the former and the water
flow in the latter. It suggested that removal by water flow is less
invasive. However, further long-term observations are needed to
show the possible efficacy of surgical removal of exudates.

latrogenic macula hole developed in some eyes during removing
of foveal hard exudates [20] or making planed foveal detachment
for refractory diabetic macular edema [28]. Most macular holes
closed after surgery with better visual acuity. In our cases, all holes

were closed after surgery and visual acuity improved. Centripetal
retinal movement due to ILM peeling may contribute to macular
hole closure and increased central retinal thickness [30.31].

This paper has several limitations. First, the number of the cases
was small and the observation period was short. Second, the
functional evaluation was only visual acuity and lacked assessment
of serum lipid level. Finally, there were no comparisons with
natural course or other treatment methods. Further studies are
needed to determine the effectiveness of this technique.

In conclusion, we presented favorable outcomes after removal
of foveal hard exudates through a macular hole created by
subretinal BSS injection using 38-gauge cannula. The deposit of
foveal hard exudates may be preventable by reduction of serum
lipid or subretinal wash out for precursor states [23]. Though
surgical removal of foveal hard exudates can damage the retina,
our results suggest that this procedure might be useful for foveal
hard exudates.
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Abstract

Purpose: Leakage of a small amount of intravenously administered
gadolinium-based contrast agents (GBCAs) into the cerebrospinal
fluid (CSF) space has been reported, even in healthy subjects
without blood-brain barrier disruption. Several candidates including
the choroid plexus and cortical veins have been proposed as the
source of the leakage. The purpose of this study was to evaluate
the distribution of intravenously administered GBCA leakage into
the CSF by comparing the contrast enhancement of the cerebral
cisterns to the lateral ventricles (LVs) .

Methods: In 26 patients with a suspicion of endolymphatic
hydrops (21-80 years old), a three-dimensional real inversion
recovery (3D-real IR) image was obtained at pre-, and at 5 min,
and 4 h post-intravenous administration of a single dose of GBCA
(IV-SD-GBCA) . In the 3D-real IR image, the signal intensities (SIs) in
the anterior horn of the LV (LVante) , the trigone of the LV (LVi) . the
Sylvian fissure (SyF), the ambient cistern (Amb), the prepontine
cistern (PPC), the cerebellopontine angle cistern (CPA), and the
vitreous (Vit) were measured. The differences in the Sl at pre-, and
at 5 min and 4 h post-IV-SD-GBCA were evaluated for each region.
The change in the Sl pre- to post-1IV-SD-GBCA (Slchange) Were
calculated for each region. The differences in the Slchange in each
region were evaluated at 5 min and 4 h post-IV-SD-GBCA. A Steel-
Dwass' s test was applied to correct for multiple comparisons.

Results: The Sls of all regions at 4 h post-IV-SD-GBCA were
significantly higher compared to pre-IV-SD-GBCA (P < 0.05). The
Slehange N the SyF, Amb, PPC, and the CPA were significantly higher
compared to those of the LVante, LVii, and the Vit at 4 h post-IV-SD-
GBCA (P < 0.05).

Conclusion: The contrast enhancement in the cerebral cisterns
was greater than that in the LVs.

Introduction

It has been thought that gadolinium-based contrast agents
(GBCAs) , which maintain an intact chelate, do not cross the brain-
blood barrier (BBB) . nor directly enter into the brain parenchyma.
However, gadolinium accumulation after repeated intravenous
administrations of GBCAs (IV-GBCAs) in the brain parenchyma,
such as the dentate nucleus and the globus pallidus, has been
demonstrated.” Heavily T2 weighted three-dimensional fluid-
attenuated inversion recovery (hT2w-3D-FLAIR) imaging is highly
sensitive to T1 shortening in fluid compartments, which cannot
be detected with conventional T1 weighted imaging.> * Previously
reported studies using hT2w-3D-FLAIR imaging showed that
intravenously administered GBCAs leak into the cerebrospinal
fluid (CSF) and perivascular space (PVS) in the basal ganglia of
healthy human subjects without renal insufficiency,* as well as
animals.> ¢ The PVS comprises the glymphatic system, which has
been hypothesized as a waste clearance system in the brain.” This
clearance depends on the CSF-interstitial fluid (ISF) exchange
via the PVS.” Therefore, it is presumed that such fluid dynamics
might be involved in the penetration of intravenously administered
GBCAs into the CSF as well as the brain parenchyma.® ° However,
the pathway by which GBCAs in the blood vessels leak into the
CSF is still under discussion. Several candidates, such as the
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peripheral part of cranial nerve, the circumventricular organs, the
choroid plexus, and the cortical veins including vein of Labbe, have
been proposed as this leakage route.’® - 12:13.14

In our hospital, hT2w-3D-FLAIR imaging is routinely performed
for the evaluation of inner ear endolymphatic hydrops (EH)."™
16 Using signal intensity (SI) measurement of the CSF on hT2w-
3D-FLAIR imaging, we reported that the vein of Labbe was a
candidate for the pathway by which intravenously administered
GBCAs leak into the CSF space.™ However, we could not evaluate
the lateral ventricle (LV) because the field of view of the hT2w-
3D-FLAIR imaging was limited to the lower half of the brain. Three
dimensional-real inversion recovery (3D-real IR) imaging was
developed to evaluate EH after IV-GBCA without the requirement
for post-processing of multiple imaging series.”” This imaging
method is based on phase-sensitive reconstruction, which allows
the visualization of positive and negative longitudinal magnetization
separately, and consequently prevent the paradoxical signal
loss caused by slight GBCA in fluid appearing in hT2w-3D-FLAIR
imaging based on magnitude reconstruction.”” The 3D-real IR
images can reduce the risk of misregistration artifacts caused by
patient motion, and thus, we routinely obtain a 3D-real IR image as
a supplementary image in an EH examination.'® The whole brain is
included in the 3D-real IR image, which permits the evaluation of
the LV."® In these images, we noticed that there was a difference
in the contrast enhancement, which represented a difference
of GBCA distribution between the ventricles and the cisterns.
We speculated that the leakage pathway might be estimated
by comparing the contrast enhancement of the CSF in various
locations, because more GBCA would be found in CSF adjacent to
a leakage site.

The purpose of this study was to retrospectively evaluate the
distribution of intravenously administered GBCA leakage into
the CSF by comparing the contrast enhancement of the cerebral
cisterns to the LVs using 3D-real IR imaging.

Materials and methods

Patients and materials

The subjects of this study were 26 patients (men: 13, women:
13, ages: 21-80 years old, median: 55.5 years old) with clinically
suspected EH who underwent magnetic resonance (MR) imaging
from November, 2017 through April, 2019. The estimated
glomerular filtration rate (eGFR) of all patients exceeded 60 ml/
min/1.73m . The medical ethics committee of our hospital approved
this retrospective study and waived informed consent. All MR
imaging was performed on a 3-tesla MR scanner (MAGNETOM
Skyra; Siemens Healthcare, Erlangen, Germany) with a 32-channel
phased-array head coil. The contrast agent administered to
patients in this study was a macrocyclic GBCA (Gd-HP-DO3A:
ProHance; Eisai, Tokyo, Japan) . A single dose of GBCA (SD-GBCA)
was defined as 0.1 mmol/kg body-weight. The image analyses
were performed with a DICOM viewer (OsiriX version 5.8 32
bit; Pixmeo SARL, http://www.osirix-viewer.com/) . The statistical
analyses were performed with free statistical software (R software
version 3.6.1; The R Foundation, https://www.r-project.org/) .

MR imaging

The 3D-real IR imaging was based on a hT2w-3D turbo spin echo
sequence with a variable refocusing flip angle (TR=15130 ms,
TE=544 ms). For the non-slab selective IR preparation pulse,
we set the waiting time to 2700ms to obtain a negative Sl in the
endolymph and CSF, which did not contain GBCA. The voxel size
was 0.5X0.5X1.0mm. The slab oblique angle was set parallel
to the anterior commissure-posterior commissure line and the
bilateral internal auditory canal. The slab thickness was 256 mm,
and the center of the imaging slab was placed at the mammillary
body. The parameter details are indicated in Table 1. The 3D-real
IR imaging was obtained at pre-, and at 5 min and 4 h post-IV-SD-
GBCA.

Image analysis

We corrected the misregistration over the time of the acquisition,
using an OsiriX function, which was based on manual pixel
alignment. In the pre-administration 3D-real IR image, we manually
placed circular regions of interest (ROIs) with a diameter of 3.0
mm in the bilateral following region: the anterior horn of the LV
(LVanee) . the trigone of the LV (LVi), the Sylvian fissure (SyF),
the ambient cistern (Amb), the prepontine cistern (PPC), the
cerebellopontine angle cistern (CPA), and the vitreous (Vit). An
example of the ROI placement is indicated in Fig. 1. These ROIs
were copied and pasted onto the images obtained at 5 min and 4
h post-IV-SD-GBCA. We measured the Sl in the ROIs and averaged
the values for the bilateral region. The change in the SI pre- to

post-IV-SD-GBCA (Slehange) Was calculated. Two radiographers with
16 years (T.0.) and six years (S.I.) experience in MR imaging were
responsible for the image analyses.

Statistical analysis

The inter-observer reliability was evaluated using an intraclass
correlation coefficient (ICC) (2.1). The averaged value from the
two observers was used for the statistical analyses. Significant
differences between the SI measured at pre-1V-SD-GBCA and
those at 5 min and 4 h post-IV-SD-GBCA were evaluated for each
ROI. Significant differences between the Sleange iN each ROl were
evaluated at 5 min and 4 h post-IV-SD-GBCA. A Steel-Dwass’ s test
was applied to correct for multiple comparisons. We defined 5%
as a threshold for statistical significance.

Results

The ICCs (2, 1) between the two observers were 0.973 for the SI
measurement at pre-IV-SD-GBCA, 0.956 for 5 min post-, and 0.986
for 4 h post-IV-SD-GBCA. No significant differences were found
between the SI measured at pre- and 5 min post-IV-SD-GBCA,
for any regions. A significant difference was found between the
Sl at 5 min and 4 h post-IV-SD-GBCA, for all regions. A significant
difference was observed between the SI measured at pre- and
4 h post-IV-SD-GBCA, in all regions (Fig. 2). The P-values for
the multiple comparison of the SI was summarized in Table 2. A
significant difference was found between the Slchange Of Vit and
that of the other regions at 5 min post-IV-SD-GBCA. A significant
difference was found between the Slehange Of LVante, LV, and Vit
and that of SyF, Amb, PPC, and CPA, at 4 h post-IV-SD-GBCA (Fig.
3). The P-values for the multiple comparison of the Slchange Was
summarized in Table 3. Representative images are indicated in Fig.
4.

Discussion
We considered that using the ratio of SI was inappropriate for
this evaluation, because the values of Sl in the 3D-real IR image
based on phase-sensitive reconstruction includes not only positive
value but also negative value and brain parenchyma shows
near zero signal.'” Therefore, we used the Sl and the Slcange in
the cisterns, the LVs, and the vitreous for the evaluation of the
contrast enhancement. The SI was increased in all CSF spaces
as well as the vitreous at 4 h post-IV-SD-GBCA compared to pre-
administration. These findings support previous studies using
hT2w-3D-FLAIR imaging after IV-SD-GBCA.'% ' In addition, the SI
increase in the cisternal CSF was higher than that in the LVs at
4 h post-IV-SD-GBCA. Therefore, the intravenously administered
GBCA that had leaked into the CSF was considered to be at
a higher concentration in the cisterns than in the LVs. In the
previous study on the regular contrast 3D-FLAIR using variable
flip angle echo train readout, a flow velocity-related SI decrease
of GBCA dissolved fluid was observed.'® In this present study,
any discernable decrease in the SI of the CSF was not observed
in the MR cisternography, which obtained at the same time as
the 3D-real IR while the EH examination. The constant flip angle
echo train readout, which was set the similar value to the MR
cisternography was used in the 3D-real IR imaging. Although there
might be some signal alteration due to the CSF flow, we think the
effect of flow is small.*

Previous studies have speculated that the choroid plexus was
a potential source of the leakage of intravenously administered
GBCAs from blood vessels into the CSF. ' 20 This idea was
based on the time course of the CSF enhancement, in which
the ventricular CSF was enhanced post-IV-GBCA earlier than the
enhancement of the cisternal CSF,° and the decrease of contrast
enhancement in the choroid plexus through the LV to the third
ventricle.”" Alternatively, the characteristic finding of a strong
signal enhancement in the CSF surrounding regions such as the
peripheral part of the cranial nerve and the cortical veins including
vein of Labbe has been reported.’® > To our knowledge, there
are no reports showing such distinct contrast enhancement
in the lateral ventricular CSF surrounding the choroid plexus,
including our patients’ images. A previous study of CSF dynamics
proposed a new hypothesis that CSF secretion and absorption
occurs everywhere in the brain, and the choroid plexus could
be considered as only one part of the circulation system.?' In
addition, this current study showed a higher concentration of
intravenously administered GBCAs in the cisternal CSF than in
the lateral ventricular CSF. The ventricular CSF volume is larger
than that of the cisterns, which may result in more diluted GBCA
within that region. However, we confirmed that there was no
difference in CSF enhancement between the LVane and the LV
Therefore, the choroid plexus might be just “one site” where



the GBCA from the blood vessels leaks into the CSF, and not the
main pathway of such leakage. The CSF plays an important role
in clearance of the waste in the brain through the glymphatic
pathway.” Accumulation of the interstitial solutes in the brain
due to the glymphatic dysfunction causes the neurodegenerative
change such as Alzheimer's disease.” The CSF homeostasis would
be closely related to the regulation of glymphatic system. In this
current study, we confirmed the difference in the distribution of
intravenously administrated GBCA depending on the location
of CSF in the brain. Age-related leakage of GBCA in the CSF
surrounding the cortical veins has been suggested.'® As a further
study. the relationship between GBCA distribution and aging
would be interesting for elucidating behavior of fluid in the central
neural system.

The enhancement in the vitreous after IV-GBCA was also
evaluated in this study, because the vitreous, which is mainly
composed of fluid, was included within the imaging field of view. In
one patient with a clinical history of cataract lens replacement, a
strong enhancement at post-IV-SD-GBCA was observed. However,
we considered this to be an outlier. The leakage of intravenously
administered GBCA into the ocular structure including the vitreous
has been reported in patients with a disruption of the blood-
ocular barrier such as in acute cerebral stroke.?? However, other
patients in this current study also showed the GBCA distribution
in the vitreous after IV-SD-GBCA as in the previous report."
Recently, impaired CSF circulation causing toxic fluid environment
in the subarachnoid space surrounding the optic nerve has
been suggested as one of the causes of glaucoma with normal
intraocular pressure.?® The CSF surrounding the subarachnoid
space of the optic nerve is reported one part where intravenously
administered GBCA leaks.'® The GBCA permeability of the blood-
ocular barrier might be related to the cause of the ocular disease.

This study includes some limitations. First, there was a small
number of subjects. Second, all subjects were patients with a
suspicion of EH with bolus IV-GBCA. An investigation with a larger
number of healthy subjects would be valuable to further establish
these findings under normal conditions. Slow continuous V-
GBCA might be valuable to rule out the possibility of intermittent
leakage of GBCA from choroid plexus. Third, the ROIs were
placed manually. As a result, the measurements between the two
observers were comparable in this study. However, a bias free
automatic volume segmentation would be warranted as a further
study.

Conclusion

The GBCA concentration was higher in the cisterns than in the LVs
4 h post-IV-SD-GBCA. The choroid plexus may not be the main
pathway by which intravenously administered GBCA leaks into the
CSF.

Disclosure Statement
None of the authors have any conflicts of interest regarding this
study.
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Figure legends

Fig. 1 An example of the region of interest (ROI) placement for
measurement of the signal intensity. On the three-dimensional real
inversion recovery (3D-real IR) image obtained at post-intravenous
administration of a single dose of gadolinium-based contrast agent
(IV-SD-GBCA) , the 3.0 mm diameter-circular ROIs were manually
placed in the anterior horn of the LV (LVane) (a), the trigone of
the LV (LVw) (b). the Sylvian fissure (SyF) (c). the ambient cistern
(Amb) (d), the prepontine cistern (PPC) (e), the cerebellopontine
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angle cistern (CPA) (f), and the vitreous (Vit) (g). Then, the ROIs
were copied and pasted onto the 3D-real IR image obtained post-
IV-SD-GBCA.

Fig. 2 A comparison of the signal intensities (SI) between the
three-dimensional inversion recovery (3D-real IR) images obtained
at pre-, and at 5 min, and 4 h post-intravenous administration of
a single dose of gadolinium-based contrast agent (IV-SD-GBCA)
in the anterior horn of the LV (LVane) (a). the trigone of the LV
(LVe) (b), the Sylvian fissure (SyF) (c), the ambient cistern (Amb)
(d), the prepontine cistern (PPC) (e), the cerebellopontine
angle cistern (CPA) (f), and the vitreous (Vit) (g). An asterisk
(*) indicates significant differences after multiple comparisons
correction (P < 0.05). A significant difference in the SI was
observed between the 3D-real IR images obtained pre- and 4 h
post-IV-SD-GBCA in all regions (P < 0.05) .

Fig. 3 A comparison of the change in the signal intensity (SI) from
pre-administration of a single intravenous dose of gadolinium-
based contrast agent (IV-SD-GBCA) (Slchange) between the anterior
horn of the LV (LVante) . the trigone of the LV (LVy), the Sylvian
fissure (SyF), the ambient cistern (Amb), the prepontine cistern
(PPC), the cerebellopontine angle cistern (CPA), and the vitreous
(Vit) , on the three-dimensional real inversion recovery (3D-real IR)
image obtained at 5 min post- (a) and 4 h post- (b) IV-SD-GBCA.
The asterisk (*) indicates a significant difference after multiple
comparisons correction (P < 0.05). A significant difference was
observed between Si<enee of the LVae, LV, and the Vit and that
of the SyF, Amb, PPC, and the CPA, in the images from 4 h post-IV-
SD-GBCA (P < 0.05).

Fig. 4 A 57-year-old woman with clinically suspected endolymphatic
hydrops. The three-dimensional inversion recovery images
obtained pre- (a@). 5 min post- (b). and 4 h post- (c) intravenous
administration of a single dose of gadolinium-based contrast agent
(IV-SD-GBCA) at the lateral ventricular level, and pre- (d), 5 min
post- (e), and 4 h post- (f) IV-SD-GBCA at the Sylvian fissure level.
The contrast enhancement of the cerebrospinal fluid (CSF) is
shown in the image obtained at 4 h post-IV-SD-GBCA (c, f), and
the degree of the enhancement in the Sylvian fissure (f, arrows)
was greater than that in the lateral ventricle (c, arrow heads) . The
strong CSF enhancement, which indicates leakage of the GBCA
was observed in the superficial subarachnoid space (c, circle) .
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Two cases of primary hyperparathyroidism in elderly patients
presenting with various physical and neuropsychiatric symptoms
-special references to the characteristics of cognitive impairment
and pain generation mechanisms-

Two cases of primary hyperparathyroidism (PHPT) caused by
adenoma of the parathyroid gland involving elderly individuals are
presented. Based on the patients’ physical and neuropsychiatric
symptoms, cognitive impairments, and postoperative courses,
| discuss the pathophysiology and the characteristic clinical
symptoms of PHPT. The following results were obtained: 1) In
our two cases of PHPT, patients’ cognitive functions, as well as

physical and neuropsychiatric symptoms, improved significantly
after the surgical resection of parathyroid adenoma. 2) Although
the cognitive impairments caused by PHPT are similar to those
seen in Alzheimer’ s disease, the impairment of attention is
particularly marked. 3) The mechanisms of pain of biochemical
PHPT should be further elucidated.
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A case of cerebral amyloid angiopathy-
related inflammation presenting with
reversible white matter lesions on
magnetic resonance imaging and shoulder-
hand syndrome
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#eEITeAT

Department of Psychogeriatrics, Kamiiida Daiichi General Hospital,
Department of Psychiatry, Nagoya University Graduate School of Medicine,
UKAI Katsuyuki

F-O—R:
W7 =0+ FMEAE. EEUERBMRBIERE. 704 N SEEMENR.
BEME. BFERE

Keywords:
Cerebral amyloid angiopathy, Complex regional pain syndrome,
Amyloid B-related angiitis, Leukoencephalopathy, Shoulder-hand
syndrome

FOXEH:

7 FLEORBICE D BBERR US04 FIEE (CAA) D 14]
ZERE Ulc. EAIFIRZHICEREICCAARENEZRIZ L CLIc&EBhN
0. —BEEREBLT. TORBRELTL ., LML, HI5FE&(C
CAAB ERAEHBRMEEMEZE LU CERMECRERESZEC L.
DEEDICEERDOBFEREZREUCEHESND. CDEMIDERK



BBEEGRMRICE DT, CAABENMEDREIC OVWTER UL, —BH
fEUTECAARSIERIE IR, BRERTDEHHDN. BRERPRLELT
W3 EETH, BEDBENEDRE TR T 2RETH DI EMZER
Ulzo BFEREF. MEERZII TR CAABERXEMDEMNE CHIZ
TR EBERUI

Abstract:

A case of cerebral amyloid angiopathy (CAA), which was followed
up for over 7 years, is presented. The case involved a female in
her early 80s, who appeared to have CAA-related inflammation/
angiitis based on magnetic resonance imaging (MRI) performed
at the first visit. However, the MRI findings of CAA-related
inflammation completely disappeared thereafter, and she remained
clinically stable for a long time. After about 5 years, symptoms
of subacute leukoencephalopathy, such as left-sided hemiplegia
and disturbances of consciousness, appeared, and then shoulder-
hand syndrome also developed in her left upper extremity. The
natural course and pathology of CAA-related inflammation are
discussed based on the patient’ s clinical course and MRI findings.
Once CAA-related inflammation occurs, it might persist in a state
of chronic inflammation, even if the patient’ s clinical symptoms
remain stable and any inflammation seems to have been resolved.
Furthermore, it is possible that shoulder-hand syndrome can be
caused by CAA-related inflammatory leukoencephalopathy as well
as cerebral infarctions.
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Changes in dementia medical care after
COVID-19 pandemic
-Experience in Department of
Psychogeriatrics,

Kamiiida Daiichi General Hospital-
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A case of primary hyperparathyroidism
in an elderly patient who exhibited
characteristic severe generalized pain:
The second case report in the literature.
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Text :
Primary hyperparathyroidism (PHPT) is an endocrine disorder,
in which adenoma, carcinoma, or hyperplasia develop in
the parathyroid gland, leading to the excessive secretion
of parathyroid hormone. It causes various physical and/or
neuropsychiatric symptoms.” PHPT is classified into the following
three types in Japan: the renal type, in which stones develop in the
kidneys; the bone type, in which pathological fractures and osteitis
fibrosa develop; and the biochemical type, which is discovered
during routine biochemical laboratory examinations and does not
involve kidney stones or bone disease.? Even in the biochemical
type, various physical symptoms and psychiatric symptoms can
develop. Neurocognitive disorder, which is regarded as a type of
so-called ‘treatable dementia’, can also arise. Therefore, even
in the biochemical type, patients that are suspected of having
neurocognitive disorder or somatic symptom disorder might visit
psychiatric clinics, in addition to patients who develop psychiatric
symptoms. Thus, psychiatrists must be informed about PHPT.

The pain caused by PHPT differs among the three types of the
disease. In the renal type, pain can be caused by renal, ureteral,
or urinary bladder stones. In the bone type, bone pain can be
caused by skeletal deformities due to excessive bone resorption,
for example, pain due to pathological fractures, osteitis fibrosa
cystica, or osteoarthritis and/or peripheral neuropathic pain due
to nerve compression can develop. On the other hand, bone pain
seldom develops in the biochemical type.?* In general, the mild
osteopenia/osteoporosis seen in the biochemical type does not
usually cause severe pain, except when a fracture occurs.

| experienced a female case in her early 70s with PHPT who
suffered from various characteristic types of pain (Supporting
information). The characteristics of this case are summarized as
follows:

1) A patient with biochemical-type PHPT manifested with several
characteristic types of pain.

2) Characteristic types of pain were observed in various regions.
For example, severe pain extended from the lower back to the
lower extremities which persisted for several days; pain that felt
like being pricked by needles affected the tongue and forearms;
sudden severe pain accompanied by itching and/or numbness
arose in the lower extremities; and the patient experienced
severe pain in her fingers when she touched water.

3) The characteristics of these types of pain seemed to differ from
those of the nociceptive and/or peripheral neuropathic pain
associated with pathological fractures, motor organ disorders,
and spinal disease.

4) The various types of pain resembled central neuropathic pain,
but they might have been different from the previously reported
‘organic’ central neuropathic pain because most of them
rapidly improved after parathyroidectomy.
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| searched the literature for reports about cases of PHPT
involving severe pain like that experienced by my patient and
found only one similar case report.* Sakaguchi et al. suggested
that the severe generalized pain experienced by their patient
might have been bone pain, although no clear bone disease was
observed, and the reasons why they thought it might be bone pain
were not clearly described.*

How could the characteristic types of pain exhibited by the
current patient have been generated? Were there multiple
microfractures and/or small osteitis lesions in her bones? |
consider that it is unlikely that microfractures or osteitis could
explain the various types of pain that arose in the current patient
or the severe generalized pain experienced by the patient
described by Sakaguchi et al.

| previously published a report about the association between
Lewy body disease and chronic pruritus,® in which | discussed the
similarities and differences between pain and itching sensations,
suggested four common developmental mechanisms for pain and
itching sensations, and presented specific examples of conditions
that correspond to the four developmental mechanisms of pain
and itching (Table 1, cited from Reference 5). In the latter study,
| stated that ‘no previous studies have described pain sensations
generated by systemic disease.” However, in the present case it is
necessary to consider the possibility that the various types of pain
experienced by the patient might have been caused by a systemic
disease; i.e., that the pain was caused by systemic factors. If the
central pain that arises after a spinal cord injury and/or stroke
is referred to as ‘organic’, the pain experienced by the present
patient might be referred to as ‘functional’ pain associated with
the central nervous system.

Of course, | recognize that this hypothesis regarding pain
generation is purely speculative at this point. However, | believe
that this hypothesis should be considered and tested in order to
elucidate the mechanism responsible for pain generation in PHPT.
Thus, more case reports regarding PHPT patients that suffer from
pain are required, and | expect that the developmental mechanism
of the pain that arises in PHPT will be elucidated in the near
future in interdisciplinary studies performed by researchers from
the endocrinology. orthopedic, anesthesiology. neurology. and
psychiatry fields.
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Supporting Information Legend

A female in her early 70s with primary hyperparathyroidism
suffered from various characteristic types of pain, such as severe
pain from her lower back to her lower extremities, sudden severe
pain of the lower extremities which persisted for several hours,
pain that felt like being pricked by needles in the tongue and
forearms, and severe finger pain when she touched water. These
types of pain rapidly disappeared after parathyroidectomy.
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Table 1.Clinical classification of pain and itching based on their etiology
(cited from reference 5, part|ally modified)

Category
(main structure '
responsible for Pain : Itching

inducing the :

sensation)

Dermatological

itching (due to

dermatological
conditions, such as
i atopic eczema)

Peripheral
neuropathic pain
(e.g., due to post-

Free nerve Nociceptive pain
endings of the (e.g. due to burns,
primary afferent inflammation, or !

nerves trauma)

Peripheral
neuropathic itching

Peripheral sensory (e.g. due to post-

nerves herpetic neuralgia o
or diabetic 3 herpetic |tch|ng or
! nerve compression)
polyneuropathy) !

Itching caused by
systemic factors
(e.g., due to chronic
kidney disease or

; cholestasis)

Receptors in the
central nervous -
system (maybe)

Central neuropathic

Central nervous pain (e.g.dueto |
system spinal cord injuries,

stroke, or LBD)

LBD, Lewy body disease; -, not present

Central neuropathic
itching
(e.g., due to LBD)
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Accelerated long-term forgetting (ALF) & Autobiographical amnesia
(AbA) @fﬁ ﬂi;&é’&mb eﬂb@ﬂﬂ&it&)’CTEA %Emﬂ\seﬁtlﬁ

tiﬁ%n_t 2 ,u\%f‘Eb\B<ALF/AbAU)JﬂZI@'%FMDT‘?‘@'%L_t
ALF/AbAD'TEADRIERAEIR T 2 TR ZERIE T BIEAIRE D H D T &\
CDXRSTMERZ [TEAESERE!] 588 U TR TODRELZHINE
Z&. REICBESBVMRNICRAE T 2 MR MIRDREKE C ORI
RESITEILED L. VE—REBDTANAMREDRRAICZDTTEE

MHHD I ERE. BESODRBERBN L.

F-U—F —BETANAERS. BEHEE IIERNREARS. BEH
R LE—IVER,

FEIZHLER © Transient epileptic amnesia complex syndrome

Transient epileptic amnesia (TEA) is a special type of temporal

lobe epilepsy, whose main symptom is amnesia attacks. Since two
types of memory disorders; i.e., accelerated long-term forgetting
(ALF) and autobiographical amnesia (AbA), develop at high
frequencies in patients with TEA, this condition is often called TEA
syndrome. We discuss our hypothesis regarding the pathological
mechanisms underlying these symptoms and suggest that amnesia
attacks are simple partial seizures. Some cases present with ALF/
ADbA without amnesia attacks, and these special cases are referred
to as “broad TEA" (or “transient epileptic amnesia complex
syndrome”), in order to prevent them from being overlooked.
There are also a few case reports that suggest that ALF/AbA
are prodromal symptoms of TEA. It is possible that 1) continual
interictal neuronal epileptiform discharges can cause clinical
symptoms, and 2) both Alzheimer’ s and Lewy body pathology can
cause epileptic diseases.

Keywords: Transient epileptic amnesia, Amnesia attack,
Accelerated long-term forgetting, Autobiographical amnesia, Lewy
body disease

1. 85 : TEAEF?

—;E'IE‘CAJDWI%%U (transient epileptic amnesia : TEA) [&. &&
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INTWVS (Zeman et al, 1998 ; Manes et al., 2005), ZD—2(F
Accelerated long-term forgetting (ALF : IIRMRIARET) THY. ©5
—7DlFAutobiographical amnesia (AbA : BIGHER) TH2 (TNSD
EIZ!K' ;R(ela* WERIVEVHINMESNTULRL), D), TEAZ

& (320 B UTKRIRT 215G, TEARE (BSHEE) & ZDD50ERE

(ALFtAbA) ZTEABLRICES . %W’Z DOERBFEELTIRSTED
&35 (Butler et al., 2007 ; Mosbah et al., 2014),

KT TEADHARPHREF L HFOSNDDITH L. BHETRIDHD
WEREHRS ()1, TR, 2008) ZhrE. EFAROETHRLASNTWVS
EREVEVDOIIBRDESTH D, 2T T50O. TEADFERXEES
ZICUT, TEADBRKRERCARRBZHRIFET 2L DT, KEMRICD
WTEESDRME - RERDFWLZETH D, AT CTIFER 2 EH (Ukai and
Watanabe, 2017a,b ; Ukai et al,, 2019a,b) DEBEZHIFH SRS T
Do BB BRILREHE LERBE R - EFEERO S NEHIN K]
EMT BRAESPINRTH D, FEEEF. 2018FCI—FIH%AR
HOOHEBER EHNEHZE TN S,

2. —BETADAERSR. —BE2ETERERZZ0N ?
SHEO—BUHDOREZEUDHEERE UTIE, & <IE1958%F [CFisher
EAdamsIC R > T - RESTNc—BHEE2 M (transient global
amnesia : TGA) i"15NTW (Fisher & Adams, 1958) . TGADRERA
[FRIZICREATH DN, TADAEDERNES L TLERWVI & IFHEER
TNTWVD,
ZMD—7. 19904tE, Hodges&WarlowKapurlC&k>T., ZNFETH
SNTWVTGALIZERRY ., TADAMEEEIEST 2 EBHONDRED
—BERSHIEEZT DEFDEREREIDTHN. —BHETANAMRE
= (transient epileptic amnesia : TEA) & UTHERI{EI N, TGALFR
BBmEL L THmE TNz (Hodges&Warlow, 1990 ; Kapur, 1993),
%0)?&“\ BN ZRDICH TR ER . 19984 (C1EZeman SIC K2 TEARRER
ZUIRENFER NI (Zeman et al., 1998).
L@&D[LTGACTEA@%HE BRI RRD. MEDBHRRIIRIELL
- IBBR. RS EICDOVTR. BEHDONEEESRI N,

3. TEADERFRZIEE, HLURRICEHT B ZDMDIRHREIR
Zeman SDERREHIEETE, (1) BUIRUVBBINEBSEEIEY —
R (2) BEERORAEAEICSEUNDEENZL. (3) TANADIR
., ODIFBZEINTHICTODESIN T, TANADIRILE (F. OB
FIR. OfthDI A TDTAHARIEDTEE. OFTANAZE (anti-epileptic
drug : AED) DBEBEIREME. I —DU EHDTETHD, DT A TD
THRHAEE] DB L FERFEIETH D,

TEADOBZHERF. FHICEBEBICRIEEHH 3D Butler et al,
2007 ;: Mosbah et al,, 2014). %<& 1 RELADORHE C. HEMI(CF
FioE - FRIPICEE 3T &< HRIEROBREICEDDEEN LD
NTWVB T EICRM<, BEWICIE. REFOBEOTHRIERT. BH
BEEDHV. BSRIEQBRERS SUERRN S, TEA!J{EU”E%—C/\;
NADRFFREITH D EHE SN TS (Butler et al,, 2007),

TEADFEMERIHAICE. FRRUIZL S ICHBIBZDDREES. I
DBEALFEADANBRICEHRHT D, ALFE(F. TNE#LVEKERZ, ZOHBE
HWOMNDBRICIEFENTUESRRTH D, HIZE. BEDIGLELRE
ETNTLRVICHEDS Y, FBRFIICRALRTZ LI EEERIEL
TULREW. AbAE (F. HERUBIOSEN#EWVETOEESZIVEEZV
BRTH 2. HIZE BESHHFFHNOROBERZLIEITLEL,
ALF&AbAO)%E%J‘?IE&KH)ﬂf“F)%D‘\ ZDRERERIC DOV TR EERT B,
BH. TEAICIF. EEEDMIC. Topographical amnesia (#iEEBIES) &
HENDERDEH T DN Butler et al, 2007). A TIEIDAEIRICD



WCIFEIET 5.

TEAF(E., ALF. ADAZEIRT ZREICIE. GHEOFINS. BEL
[CRISHDEVEEMN NN D, EESIFHEAISNDRER COBEN
oS, — B DLEDERERIERADTENMBHEER. INSE[TEA
BEREREE] SIRIBULIZL,

4 FEFIRT

CITIRRY 2 2fERIF. S TICHBELTRRINICBDTHIH,. &1
[NERTRIER S ERD 8 (CHBIRERIGENCH L. TR DENICAE
RERFEB UIce TNTNOEBRE ERED SFRXEDAFEZF TV,
Fle. BRHHERICER L. ESICREDRVEE CHEZZE LI,

1) FEBIN : 60mEETHE. B (Ukai&Watanabe, 2017b)

(05285 E5R] s, B I1F< o1

[£EE] 2B THofn'. SOMMRBFICEERZN > THB L. RE
TERD, FHRIFEN—AWNDH, #EEL TR, BEEDZABES L,
[BIERE] BmE. BBERERE (CBITBED)

[IRFREE]

200X-4%F, ENBEDYSN PR ZREERUDLDCH >z F
fo. BB TH. AADBICEZDBRWLWESBPERT. BFEED NS TILH
BHEITDLIICHE . BEEDICARMERSEEBEY Y —=#F2 U
h. [BERBU] EWVWSBRITHh T,

200X-3%F., LTV N ZDE L. BRIOEERREE Y I —%%
ZURH. PEY[EBEHU EVWSBHITH Tz,

200XEE, PEUEMIENZDOEL. Xy NTHRZBRREL T, HR
PRy Ny el
[IRfE]

AL—=RBFHTTAE Ule. BEPILEIFFREN TV, BEAADY
SNEREEEHELTV . FIZE. B BmICEERTBRITE LRI &,
HBEBRICEEEEETFOI VY — NI el &R E R, %<DE\“’
TLRBH STz, Fo. BN (B M"HIR U 4F71& ) DEDEED
EULTWVWBDTENHBALRE. FIZ. 6F/IOEEDI—0O v/ RIT. 8
FFIDT AU HDIRT. 1EFIDRDIEERD 0. £<LERNTBFEVED
ZETH oIz, BFH - MRFHRZERFFRHSNBN o1,

[BEMR]

MFFIRE SEEMRIRE TE. HICEBZFROIRN >fze MMSE(X
2903 (RH—1) T, IAHBKESLIREHEET A MIEETH >fc. B
RE T3 AEM U ABEEZ RS J 2REMSR 280 (Figure 1.
Ukai&Watanabe, 2017b &k W3 IMH) o
(B2l & saRERE]

BSHIMESRIELEY — RIFHEATERUVN. BEBRRALF P ADAHER
HH5ND T EPRGEDATRN 5. TEARERAE (TEA EEERE) THD
TREEN BV LR UTz, AEDEEA (LRF S Y L1500mg /H) T, 3
TERALFRBIREE LIz, Uh L. —ERDNICERERESRE LB, ST,
SERMBHE U, %T_\E’&tiﬁ?@ NS I BEL< IR Do MMSE(F3053.
BEEBESE Uz,

BH. HMEULEIN S DB UWES PEIEROKEIN G Y. FEEED
IREEZEDRD SN, BEPRFEZABTIC—HLTW I ENDS., iE
IRESEEETE R, U AEBIRTEIRES (RBD) OOEEMNE WL &2 UL
fz (Ukai et al., 2017a), TNSDAERIF. AEDICK > TERNRE LT
BICHMEILIZ. L E—/IMFR (LBD) DRIEREATH 2 alaEIEH S L) & HIHR
U. MIBGDEY Y F IS0« —=ENEUTE (Ukai&Watanabe, 2019a) .
CODFER. DAINDERREWIAHK T 23R (heart to mediastinum
ratio (IEE1E >2.20) : EHH/ME 1.66. #HIH/MLE 1.40) .
[ZD%OEZE]

UNRFSEILZFBLIEEF. BEEEFDREL. BiETRIBETH >
fzo LD L. HI35F%. BUBENMGEINTLRICEINDST, BUY
ALFICKDRBEHRHS5ND KSR Tz, IHIT. 200X+H4E RIID (H
D, [fE—0) BSFEIENRD SN, %EIOJEH BEFELKRBCT O
RETEBRICCADHEBEORAERV. KEOEADSHTIATRE
EREUAR, BEk BEIRFEIC, f%EfD:FﬁHEF'Jﬁ?'CﬁE LTWeAE D
[F?2] EBVE. BURENEZTRVLOD? | EEASEULEED. BEEFT
BIPDEENL<BEBNEDT ETH ol HELIEIE RAER ST &L
ETRIEEEUVARIERE, IRNTEELELTVED 2fc. EICENIE,
FBEAADFHPOSHICFADERELKLSNT. RAVKEDEAN
5%, 2<ENEEHEINGB, >ZEV S,

RSYNR)L 2mgEBILIEE TS, ZORFEBSFEEDBRFEL.
ALFBBUBIBL B>, TORER. ZD% 1FL EHEL. £t
BlEFATH >z (Ukai et al,, 2019b),

2) fERI2 - 60N, =ik (Ukai et al,, 2017a)

(90228 5R] s, B SI1F< o1
[£EEE] #5iE%. BEZOXROREREZBH LTV, FHEZAL
BH. EBITHEEL T, KEDZABS L,
[BHEE] SIE. BBERBIE (&B(TEED)
[IRFRIE & BRE]

3ESHVEIN S, REPRAEDRFCEHARIFEEENRATND T
ENBBEBELTWE, ZOLIBBRERNS B> TEffesh, H
BFHE U THEER., REEBICPEZ U, BSERE LT, AIZE
HBEBRICRAEBBRZ UCEEENEL. 1 DBRIICRAS ERITZE U
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e EDEEEBHEN, BE LKA, BEY - RN
Bh ol
[#&&ErPR]

MEFHARE S BEMRITIE. FHCEEZROBD >fze MMSEIF2953
(FR—1) CIIABREPREHEET A MNFERETH >z, BIRRE TS,
RIEEEZIRRE T 2RAEMSIRZERDI. FUVLREEZ,D. ERFCOE
ZHATERE LTV B G-l EHIBE LTz,

138, RBDOBREFARARLZ >fzh'. BEEDREEENRH SNcfzsH.
MIBGLDHY Y F IS T4 —&EfMUTc. TORER. DHNDZEREY
ARHETZRDIZ (REH/MEE 1.25, %EAH/MLE 1.04) . BEF. D
HBERICIE. MBGDHY Y F IS T4 —ER(FIeI EZRRBLTLE
N ofc. BEESIMRSPECT Tld, #BEDOEEDMME T &NRAIFTH ORIEE
ESRVIMRE R &SR = (Figure 2. Ukai et al., 2017akW5IH) . A
RIFTHRIEEEE (REkAED) O@WIMRIE &, RRIABEETADADFE
BRHDOMB E ¥R Uz, mikiEE. LBDTRBELNHSERD VEba
IRT A VHEE - BT BEMI (LBDRE) D—D2Tdhrd.

[B2lh & aEE]

W2 LIES< LT, P TORBHIHBEBDSBIC2EERLTED
feo PASHBESRIEILY — REEERTERVN. BHERALFHERH S
N2 &, R ERIRSPECT DR, EEREREEENH 25 LT &,
KHOERELTEN S, TEA BEERE (H520F. DBRIGPRENE
RIEMELETDETALFZHSERIETAN AL DOIEEENBWNE 2B LT,
Ffz. LBDORIMACH DO BN BV E 2] LTz,

URFSEILDERET, ALFEHBTREELREN. KNz EE
OEULRBN STz, BH. AEDERZICIRRBBELBIBO I ENS.,
KEBZLBDICH D BEGRESICLDDHDTEBEL. TAHARIEICLD
BHOTHDEB/ONI.

BlEEEH5N

5.[TEARSTEIRE] OB EBMICOVT —Z0ERMEERRER -

EBITlE. FEEh 5 450 E EREIRNS 8FELI L), BRAEMEIL
V—RHOERINBD 22 (ZORBSHED 100DH), FEF2TIE. IE
ﬁitb'fﬁh\b?aﬁui REFCRSHREGER TN Iz, INTE.
Zeman S DERREZMEBEZT/ L TLRWVWL, ZHZHTEAE VWS EE
tE%A’\”‘I"TJ‘HXﬂBL\ Uh U SN ZERE T 2RBEDZEICSVTIE,

SBETEEED LN DB [TANABERRE] ZRESBNT ENEETH .
$ﬁﬁﬁ®ff’&mé‘&‘9”é%\%l&!;mu

BR#:T. 20105180 52016F12BFTOD 7 FBIC. HRZETZL
124442DEEDD B, L 24 (0.45%) #Z [TEA BEEREE] 20U
THY (Ukai@Watanabe, 2019a). DA S—EDIEETZEN TV
2EEZISND,

CDRIBIRICH LT, EFSIFLIEIDHRX T (Ukai&Watanabe,
2017b). UTFDREET o>z, Ih5. BEREHNHERTEHUVES
TH->TH. PEABALFPADANSRH SN, BEFTRPAEDDEMNERE
NS, ZORENTADAMEERICE D ENBESHBEEICIE. [LED
TEA] (=TEAESTERE) | LE2MLT. TEADBEICZSHTHINT 2. Z
DHICETEENERINNIE, B D[ (FEKD) TEA BEAERE) |
E13%,

BH. ALF/ADAR. TEARIEDHIBRAEIRE UCTE U B aREMEZRE L
WS BEET B (Hornberger et al, 2010). BRUEAN G, £&
SOHBBRY. ALF/ADAD TEAFAEICHIEK U1z 2 BIBE DERIFRES TH .
ALF/ADANTEARAEICRIBR T DIEBIN'. EDREDEIESTREFET DN,
AREZERH LI LT, BRIEQZEERT 5 EHHRFINS,

CDEKSIT. [BAEIBFALF/ADAFRH 5NBICHED S ITTEARKE (|
SREME) N EUVER] [TEADHFIBER & UTRBABICE Y ALF/ADAD &
HERD SN TWVIZESI] A EEL TS Y (Hornberger et al, 2010 ; Ukai
et al, 2017a; Ukai&Watanabe, 2017b). ALF/AbAETEAD & #f R
DETPEBHHEEEEEN B EONDEANDS. TNODERIZ [TEA
EOERE CERNT &7 EEDIFRET D, 22U, TEARMEDZV
DIC [TEAESERE] EEADEFNT UDHEHETIFRVEDHEZI SN, T
W, TEAE DRV BEEN R S IR RM - @R - kM ZERR
I2HUVLWEBNHENDETETH D,

6.1 ER 11, ThAhAEERIL. BELTLLD?
—RREVIC(E. TADADEZRTICIE. ’1\781< EH 1 EUEDTANAFEE
HROSNBTENREEEIND, UN L. RADOEANZIELETIE.

HSHW B TADARENTRD SNBEVEETH, TANAEEBDIIHLN

HNF[TAH A EBRTT D ESINTUS (Fisher et al, 2014), TAD
AEIRBES (3. FHWBIRRATR - REFR - £BFRBEN S, ML
FECADAMERE UTROSNICRERD I ETH D,

EESFLFIDRMXICHWNT (Ukai et al., 2019b) . BHSHRMETFIE
PHOI A TDOTADARENERTERV [TEABSIEREE] DEHIT
B> TH. ZDREN TANAMEFICKD T ENHSHRBEICIE. [TEA
EBEIEREE 7 [CADAIEREE] O—DERBMUT. [TANA] EB2HIT
RETHDERER U, EFNIG. ZORCEPTR S AEDDEMEN S,
BN S [TAD AL EBILTRINTHS S,

Zeman 5 DERFRZHEZEDMIERICHEATINTVS L DT, TEAK
EPALFICIFAEDN B MM ZR T (Butler et al., 2007 ; Savage et al.,
2019), 122U, TLADHDOBENZRRNT, FEALEDBERF. —EXD
NIZEEIFEHE LRV, TNICHU. ABAICEELTIF. ALFEBHRIC—E
KONEREFEELBVN. EESDHZRY . AEDDOADLAICKHT 55
SEFERINTUVIEL,. COBERICEF. TEAREELALFICH T DAEDD
BWEORELFHEREE THDDITI L. ADAICH T BRI IF
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R THD T ENKREV, FERWICITREFENFEFRE SN, BHELHES
W32 T EZHF LWL,

7 .ALF E ADADFREERERFIC DN T

ALFEADADHRFEHF F. BBERFTH D, RIS IF (BRI A,
2008). ALFEADADIRREMREEE LT, ALF(E (FIER REIDMGEN G2
BHEBICKY) REOEELHFEES NSO DRIEMEET. AbAIF (FEiE
BIREA DR REMEBIC K W) FRRLEIOBE L SN TLZERENHIE
SNBIHDPTHRTZIBELTND,

—7. ALFP®ADAZ [TANAREIENE U ROBT] SRIRT 2 Th
HABFEDZL, BNCZDHEDHIBZTHE D, —RNBERR
HRIBFAEICIE. FAEPDOEEESEBRE LT, FERD D2 SREIC
ROBAMERS PRI DT THRTDELD CEFENTH S, LN L.
FEGIT DK S1E. TANAREENRBO SNBUVEAITE. EDOKSBHERE
EEZNFVVDTHZIN?  [FHECHRIAINTOBRWNFIENERI(CIE
HEUTVB] EZEZZDTHAON? Ko, EGITDADAIR, FEEDZED
LEIEZEZ BN2EE - BLWETHELTVSH, IND [ZDRTEEC
FEUCVI EHIRI DD THA DN ? DK IIRE UMTUREREIRK Y
B ALFEAbAIR. FEEBRBADOMGHR RO EEMKE (continual
interictal epileptiform discharges) DEH#ERICK>TEUIRDIEER
feAn. KUBEBHNTREBLRESIH? ALFIFAEDDERS TEP O
EFTBHTENBVN. ZOBED [CANARIEDRERI BT B] &
BRI 2LV, [FERIIOBUENBRERE/MIRISNLLS] &
AEADPVVDTRENSZ 5D S ITNIE. ALF/ADADERIF. =R
BREICLDERBEOEHBNTIFRL, FKIEHRPOMGEHIREEK
BOBEHERDRBRE UTELBBIKERTH DL, BESRKHEELTUL
2o

ALF/ADADFEFEWFICBIT 28 E S DRFNIELIFNIEE. FHIERBRXR
BOEBKEIS. 71&1 BEDTADARENECTULRLS TH, 184
B - FRNBERRERZS IERIUE. £WDT&ICiD (Ukai et al,
2019b), &5, DB EDALFICHT DAEDDHRIFIEBBRDT. T
ND‘A%{’ED‘%(:m&JbﬂBM%A(TL&ZI&* TEAEGIERE) TH.
AEDDERFHABEERY . BEUBEENLN D, SEOEGERICKYIE
ﬁ?ﬁ@ﬁﬁﬁ@ﬂ@ﬂﬁb\ﬁﬁﬁ*ﬂéo

8 RIEMRHDMENLEENER. Y SWEKERZSISTECLEZN?

TADAREERFRD SNBVH, EFEERESPEREEEE (ADL)
DIETZELTIEBENTTILYNANY—K (AD) (CELIUIRAES
(epileptic cognitive impairment resembling Alzheimer’ s disease :
ECI-A) OFEDEFRSHHRIN TS (Ito et al, 2009 ; B8, M.
2015 Ukai et al,, 2019b) . ltoSDIRE(C LN IF (to et al, 2009).
RRARE CIFABEE (CREN R RERBNIRO 5NDD . WK LEDFIES
R’Z5NT, AEDTRABEEBENBHICHB LI EN D, HIEBRH
DOHFEMAIEOEEHBICEDRABETH2 NSV EHRAILTOL
%o SRR TOELDEAZHBRRLTHY., KHEIETIEH DN R
DFEHD S DB L Ito SDMSTOIHEN ST B & (Ito et al, 2009).
RIVESPINREZEL T DEEDSIB1% SV EEHDAREMEND B

FJz. Shiozaki® D E Tl (Shiozaki. Kajihara, 2019). #=ns
K2 UREIRE CRIERIBAD TADAMRENBIRS NIcEimE(C
AEDZIRS USSR, MistiNICHERRERIA @Eﬁlib\w&)bﬂto

D ED#HERY . FERRAOBRMADORERBNOIRRAER (FFoR
RAEE - SLEEE - ADLET) Z51EI UE %:;t ZDIEHHIREE
RIERICAEDD BN TH D T ENREN,. SOICTEAESERE BT
BIFEA A ZXLDEES DATREED B SN,

9.EEID TEATEIREEN 2 fEFI & BRIEFHADLBD 5 LL\DIXBAD ?

ABTHEFRRLUIEELSIC. EBSOEMNH S, TEAESIER
BNIBDRIBICL > TERREINDHNFET DOEMNRINTE
(Ukai&Watanabe, 2019a) . ARIAIEEE $FIC. Bk . RHELN
5LBDRIEH R SNDBAID—DTH 2 &(F. ghkLicEH Y TH Do
A, BHET BB EHC, R 0SS, RROEE) [ChE<EET
B EEINTWVS (Ferry et al, 1999),

INFTRVLE., SBAMEE [FERMIRDZEM - JHKR] [CKDMEREHRR
TH . TAD A [EEIRD B HME] ILJ:%:%“E’\E RIEERETH Y,
MEREE [RRDORGRDREE] ERBSINTEL. UK ULESFE. ZD0&K

BHEOBEEICOVTORSENMBREIND, FIZIE. 704 R BHHRE
ﬁ@%%%ﬁ%bt% WENIEIT 23R (Palop & Mucke, 2010).
ThAHOARECEESEDRVRHADEE CHEENBAZEVEEF TR
BERENMECTVD T EZHR LIRS (Lam et al, 2017). RBHADE
BETANAREIEDOEREEDIRS (Vossel et al,, 2017) BETHD. TD
KD, TANDARRIEDKIRZ I TEHL. REOEBNOSRET 5T
BEEDBWVT EH. SN ERY DDHD. ADDHEST. LBDIREE
TAPAEDEHEDIR I NEFECHD. EESDHBEY . INFT
HAEDLBESIICTEAN B H UERSFFEELTLRBULA. TNETOD
ADERITEZ LD TANANEBIEINTE D EFHRIC. DLBERFITH
BRINSICRBISINTERTEEN BN B LBV, H2VIF. &
FUDIB TR TEARMEICIEF 5T(C. HAMGRERREIEICETE-STL
FOIEHEBZONEL D, LBDICIFUIFUIFERBRIEDEGH L. —IREIICIE
BEEWMEEEICLDEZEIONTVDH. TADARIEICKDERBEAR
ENEENTVRTREMEEETER. LBDDRGKEFTR T IF RS
DREADRHONZH DL L. SBREIBAESLIFTTHL. TAHAED
SlEHTITREMICDVT, +ﬁ[u‘é€$‘jétt5[u SHOmEDER

HECDVTDERBARNERFEND

10.5x&8

1) BRREEERBTERVD, BHBIRALF/ADARRH SN TANAM
ERIREE UTERSNBEANNFED 5.

2) COKRSHMEGFRIVEDEPINRKZEZZ T ZENENEBDOND
B RERDEV ), BRSNBZBRIAEV, COBEZFHU
HIc, [TEAESERE] CLSBERZERIBLIZ,

3) [TEAEGIERE] [CIFAEDDEMNT 2 ZENE VDT, RIVESFIE
[FTDOREETDICTRHAUTCBLIENEETH D,

4) ZD—7. [TEABRGERE] F. SELTEFBLTVWTEYGAE
EFEVEV. TEAFRIEEDREBMZRIFLDD. KUBIRLLEIH
HITRESND T EDEF L,

5) FFBRADRGHGHRBIROEBERERS. 124N TRIGH/RIRRE
RZSIEHET LSS TN D D,

6) ADIRIEZ(I TR LBDRETHTCANAZSIEB T I TREMN G D,

HiEE

$HIREE (BEA7RIT) [CHL. 2012608FZFHEMEZR (KB) D5
T. TORICEICBEOHET, TEACETZ2HBRZEL T T oW
WkiEE (BEEMAZ BEZR) O RMELPLLITET. KEH
SOHEREHEBNRINE. ORXSFELFEATLR,
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Electroencephalography (from Ukai&Watanabe, 2017b)
Positive sharp waves were detected from the bilateral prefrontal
to occipital electrodes, suggesting the temporal negative epileptic
activities activate the reference electrodes A1 and A2.

Single-photon emission computed tomography (from
Ukai et al,, 2017a)
Blood flow is reduced in the temporal and occipital lobes,
especially deep inside the temporal lobes (near the amygdala)
(white arrows).
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Electroencephalography (from Ukai&Watanabe, 2017b)
Positive sharp waves were detected from the bilateral prefrontal
to occipital electrodes, suggesting the temporal negative epileptic
activities activate the reference electrodes A1 and A2.
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Single-photon emission computed tomography (from
Ukai et al.,, 2017a)
Blood flow is reduced in the temporal and occipital lobes,
especially deep inside the temporal lobes (near the amygdala)
(white arrows).
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IgG4-related disease (IgG4-RD) is a condition of unknown cause,
which involves marked tissue infiltration by IgG4-positive plasma
cells into various organs throughout the body. Histopathological
examinations based on biopsy examinations are essential for
obtaining a definitive clinical diagnosis of 1gG4-RD. However, there
are only a limited number of organs from which biopsy samples
can be easily obtained. Furthermore, it is impossible even for
recent imaging techniques to directly detect abnormalities affecting
small organs, such as the cerebral small vessel system. Due to
these limitations, the clinical diagnosis of so-called “IgG4-related
cerebral small vessel vasculitis/vasculopathy” is very difficult. In
this report, two cases of IgG4-RD involving elderly patients are
presented, together with their cranial magnetic resonance imaging
features, especially those seen on T2* imaging. Both patients
exhibited many cerebral microbleeds (CMB) on T2* imaging. |
consider that it is possible to indirectly detect abnormalities of
small cerebral vessels by searching for CMB because they are
caused by the failure of small cerebral vessels. Of course, the fact
that many CMB were seen in both cases might be considered to
be a coincidence. However, the chances of this are low because a
rapid increase in the number of CMB, as was seen in case 1, and
the occurrence of so many CMB, as was seen in case 2, are rare.
Based on my clinical experiences and the detailed findings of the
1gG4-RD cases described in this report, | present the hypothesis
that “IgG4-related cerebral small vessel vasculitis/capillary
disorder” exists.
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The evaluation of endolymphatic hydrops on MRI without IV-
GBCA have been proposed. In present study, the degree of
endolymphatic hydrops obtained by this method was compared
to that obtained by the method with IV-GBCA. There was no
significant correlation between the two methods.
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