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Phyeical measurement. Blood preczuwe, Pulse,
BFF. BMR. BML AP. Venous blood sampling.
Thermograph, and Hie guesisornaire

t

Phyeical meazurement. Blood precsue, Pulse,
BFF. BMA. BML AP, Venous blosd sampling.
Thermograph, and Hie guestonnaire

Figure 1. Experimental time line
BMI:body mass index, BFP:body fat percentage, BMR:basel metabolic rate, AP:accelerated plethysmography
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Table 1 Nutrition facts of Chlorrella (per 100g)

Composition name (Unit)

Calorie(kcal) 390
Protein {g) 62
Lipids (g} 11
Glucide (g) 1
Dictary fiber (g) 11
Chlorophyll (g) 32
Sodium (mg) 154
Iron (mg) 5
Potassium {mg) 1000
Magnesium (mg) 350
Vitamin B1 (mg) 18
Vitamin B2 (mg) 5
Vitamin B6 (mg) 2
Vitamin B12 (i g) S0
Folic acid ( g g) 2500
Biotin { g g) 300
Vitamin C (mg) 60
Vitamin E {mg) 30
Lutein (mg) 270
¢ —carotene (mg) 7
B —carotene (mg) 90
Zeaxanthin {mg) 30
Toatal weight (g) 100
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Figure 2. Thermography
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Before cold load

Afver cold load

Figure 3. Thermography image
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2,3)o
3. AEEHENT

SMTiEkEEt Y 7 b SPSS (Verl9IBM #1#) % H
W7z WA DOIEEE (BRI 25 2FEICHE L
Shapiro-Wilk ¥ |2 CIEMMEDSRO S e o727z
® Mann-Whitney #7212 & ) &4 - WEIHH (2
BUAHMILB AT o7z WAORE (H2EM
M) kBB MEEE & OREERIZOWTIEE
WeERH 2% L Spearman O NERAHBE R % W)
5E Ly 78 LT OEAGEIZO LB &wERE & 287
D Z NFNUZ Wilcoxon DFF 5 E & 17 - 726
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WIENLFEARBEIZS% KIGE Lz, FREM
ELT, SEOGHNET— ZICEREEZRBO %
Mol l EREND 2ITIEST I E V-2 E
VERZZE SN TRV &, S5ICHKEHLED7-
O 1IP0I E 7 B &9 1ZEE L7223 ik 8
72 72 OB BRE BRI ZN9B Th o7z k
WEITFOLN D,

[#&R]

# (Table 1~8) 12OV TIRHNSOHE" 2%
FI A EDOIEFEERE Thie] &FKFLL 72,

1. &2 BRI (Table 2)

7 u L ZEIE OV mHuL, SuERE D315+
72, FEIEH A BENS6.7 27, BRIEEH 2 BEA244 48
TEHZBRROERD?S 2TFICHHL T 57202
HEICHERERR0, $/2270L SBEL R
BICHEEZ ROz, 70 L I BIEHOLETIX
SRR, BEG A, BESAECBVLTEER
EHRBOLD ST,

2. WEREFEE (Table 3)

SRR O VIGEENI21 20 ThH o 720 E 72 4EH.
GRIIBEGZHLEEESZHLOMICEEEITRE
Dhhol. KEIZZ T L FEIENIC BV TR
HN55.2+75kg, EEEW ZBEABL0+54kg, BEG
Z 611 £59kg T, HEW Z A EIRMETH -
720 BMI I W bE# 53224 +30kg - m-2. FEEH 2
H7520.7 £2.3kg - m-2, BREE 2 BEA24.6 + 25kg-m-2
THEGZHEIAEREICRMETH -7z, £72BFP &
BMR & MRICEEG 2 HIXABIRETH > 72,
7 0L JEN#%IEAE, BMI, BFP, BMR 2 & &
HABTHBIRETH - 72,

7 u L 7 EIEIAE LT 5 L SWERE OfkE &
BMI 3D Th L2V HEE RN ZRBO 7, $70H
EEvy 2 BED BMI & BFP A9 228400 L 72,

Table 2 Comparison of Hie Questionnaire

Total subjects Severs hie Mild hie

n=18 n=11 n=8§8
Hie Questionnaire Baselne s = 72 387 = 27 244 *= 4B *
GChlorela Jos += 91 361 = 52 229 + 17 =

Mean = 50, # : Difference between severe hie and mild hie (p< 0.05) .
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Table 3 Baseline characteristics of study subjects

. Total submects Severe hie Mild hie
Characteristics
n=14% n=11 n=§a
Age (yaar) 212 = 14 212 = 15 213 = 148
Height (cm) a7 £ 33 Iags = 33 1ary £ 35
Weght (gl Baselne 552 = 15 510 %= 54 G110 %= 59 =
Chiorella o8 = TH T H1H = 53 617 = 60 =
BMI (kg * m %) Baselne 224 = 30 207 £ 23 245 £ 25 =
Chiorella 226 £ 289t 210 £ 23+ 4T £ 24 =
BFF{%) Bazelne 326 *= 56 203 = 448 371 = 27 =
Chibaralla 330 %= 52 a2 = 47 1t 3I6H = 29 =
BMRkal) Baselne 11712 = 9448 11264 = 713 12328 = 915 4
Chiorella 11774 = 873 11279 = 658 12454 = 0924 , 4

Mean = 50, BML body mass ndex, BFP, body fal percentage, EMR basal metabolic rate, ® ; Difference
betwean severs hie and mild hie (p< 0.05), T: Difference batween chlorella and baseline (p< 005) .

Table 4 Comparison of puise, blood pressure

Tota subjects Severs hie Wil hi=
Test Lnit)
n=1%8 n=11 n=4
Pulse Thpm] Easeline Bl2 %= 04 22 % I e %= B5
Chierela B1Ss = 123 65 = 1.6 Be5 = 101
SEP (mmHg) Baseline 1200 = 164 194 % 181 1208 =% 148
Chiarela 1155 = 11.7 1135 % i1 1183 = 13.1
DEP (mmkg Easeline 83 % 0.3 ME % B7 674 =% 10.3
Chicrela 485 =+ 18 31 % BE + 673 % [

Mean £ 50 S8R wyulolic blood pressure, DEP: dastol: Wood presiure. ® - Diference between severe hie and mid hie
(< 005, 1: Diference botween chiorella and mseine (pd 005)

3. Wi EImE (Table 4)

SR X IR AA H381.2 = 9.4bpm. AR A 1ML AS
1200 +164mmHg. $5 58 # 11 £ £%69.3 + 9.3mmHg
THhotzo 2HME LT 5L 7 0L FHGE Ok
., MEZEEEZRO Lo 7205 7 a L
BORINIEES 2 LA BIRMETH 572, 71
L BT % iy 5 & ERIME AN E % 2 B
WBWTHEIKT L7,

4. A LA (Table 5)

7L 7 EBEETO T-Cho i, EEE ZHENE
BIKMETHoo $4GUL E WBCIZZ O L T
BRI SRR CEES 2 EPAEIRECH 72 7
0L ZEIEI S LT 5 b eEg . EEG 2.
BREGE A BWTAR R EEZRO RN o7,

5. HEMEERGE (Table 6)

LF/HF (&7 v L 8GO E w2 BEASH B
BETHo720 7L IENEIHZ KT S &
LF/HF SEES 2 B THBEICHML, L E) R
BDSBRES 2 BECHEIIET Lz,
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6. BRAMRABRIZBIALY—FESF 71—
(Table 7)

B2 0L FEIAOEES 2 B E RIS
lThotze 70 L FHHEIHRL BT 5 LKA
AT AS PR E & B 2 B, A AR SRS
E2WICAERIIKT L7z,

7. &R B E HATEE OB (Table 8)

SRR o R R B A & KA E & O
A BE L. BMI (BT r=-0619, &
r=-0713). BFP ({BHUHT r=-0687, 0% r=-0.730) .
BMR (AT r=-0513, I # r=-0595) . [ 4
b %% #e 4x ¢ (& WBC (48 HU AT r=-0805, 8 I £
r=-0685) 1. 70 L I OBIEIHLICAELZAD
THBIBIfR % 3R 720 HHEARE R RERTAM 12 B8\ T LF/
HF (BHET r=-0650) &2 0L 5 OEREIOAA
B AOMBEBERE RO, GRARRERIZBIT 5
Y= T 71 —1dr7 0L 5 OEREIEG KA
(FEIU#% r=-0493) 72 ICAE R B OB IR % 72
D72,
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Table 5 Comparison of blood components

Toral submects Savare hia Miid b
Tovs ik nE g neil nE g
TP (gl Hacslra 74 =+ 04 13 =+ o4 75 =+ a4
Chlorals 74 = 03 T4 = o4 T4 = 04
TC (g dl) Bagabna 1788 = 228 1684 = 183 1933 = 20 =
Chlarala 1760 = 258 1668 = 238 1863 = 260
TG (g dl} [ETE LR 118 = 548 853 = L | 8§53 =+ Ta
Chiarala A8 = 438 kL = 3548 Gl = ol
arvdagelll LY Bagebna ME = 323 - - T 185 = B
Chiorala 188 = 1894 m3 = 221 BiSs = 16.3
altwiriangs al ) [ EPTEY S 48 = 02 46 = il | 1 = 02
Chiorala 4.7 = {14 4] = 0z 47 = 14
Giupaselimg d ) Besabng ais =x= sz s = 50 1025 =+ 181 =
Chioralin 03 = 0% BdE = F ] 78 = B =
WEBCix (0% gL} Basaing 6l = 6.2 524 = 123 12e = 132 =
Chiarala 800 = 148 B25 = 117 Toe = 1.7 =
Hamaoghsbrdg dl) Begelrs 130 = 0.7 128 = 0T 132 = LI}
Chiarals 132 = 0 131 = 0E 133 = 0.8
Plataienel = 107 rdl) Basabnag 240 = 43 26 = 44 58 = 41
Chiorala 292 =X 4.8 238 = 3T 2l = 9.2

Mean = S0, TP ecal pratein, TG total ehelestoral T wighearide, WEBG white bised col, = ; Difforancs batwean

savers he snd mid hie (pd 0.05) .

Table 6 Comparison of Accelerated plethysmography

Tost (Unith Total submets Sovary kg Mig b
n=18 n=11 =8
LF /HF Basabing 10 =+ 0& aT % 04 15 =% 10 =
Chigralis 1.3 = 1.0 14 = 0e + 12 = 1.1
GV Basalbna 65 = 1.3 58 = - | B0 = 14
Chioralia 58 <= 1.8 §2 =+ 1.8 48 = 1.} ¥

Mean = 50, LF/HF: power rate in the low freguency &rea and the high freguency area that was deried from freguency
anatysis, * : Differerce betwoen severs hie ard midhie (0 0,05) ,%: Dference between chiorela and basebne (pd 0.05) .

(%]

BT ORFFE X AUTEAFR 720 T AR
LB ZIETHATVDZ EDBHLDIZ R >THEY,
KRN AL LA KEFHES28%H1 30144 D57 % D36 2 I %
Fi. ZOHRTHEZIERIZE > TEDIT R WEDS
T0A%BFIEL TV A EHRELTWDY Y, Fxldk
FRFEERRIE 2B E VTR R T 72
A 71 L 7 BHGT O A RS TH0 M H
315728, F-HEH AT TI6T727HE %18
FOWZE L FAERICESEZ DS ERT HRE L T
BT L EMERLT

SR OWEREHE I EENHZ EZE L L LT RET
H o 7zh, BREE 2 BEHBFP TR L NV T
Ho7-Z L EKE BMI. BMR I HEHEME, 2R
&L EEW 2 B9 BML, BFP. BMR O 4 C CiEi

HTH-720" DT i, BEDOFHELME
RELEZEOWI TS BMI 7 ESEHEMETH
B ENELY Y BERMNERETH D L2
T 558 SB35 2 S 3E LW 2 & 2 Rey
o LL. 2EEMONEIZE VT BMI. BFP.
BMR (&7 1 L 7 8T & IR IS E B 2 BED3
BBIRMETH o722 L8 2 HRIK L AR
BAROOENTZ LD, WRIERPEETH ST
EIMEIC 5 2 ENEZ LN, 22 ORRIL.
% OWFFE CHEELMEICB T 5% 2EE O BMI A

THRAEOFFICTRETH o722 &Y VY R
PEIZ B 5% ZfEH O BFP, BMR b &ETH - 72
ZEPICHEML Tz,

MR AL A R T e & 2RFIC BV Ta
TOHEHBEMZ v L ZHEIGH %L b ICIEF#HPTH -
720 2HHOIEIZEB VT 1 L FEEHIO T-Cho.
GUL. WBC. & 5127 1L J#EE# o GUL,
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Table 7 Comparison of themography

Total submcia Savers him Pl Frimy
a=19 =11 m=EB

bafore cold load ("C) Baznfng 400 = 1.9 33 = A | 403 = 1.7

Chiorela 88 = &3 v 82 x 8+ 287 =X 1.3

Dminutes after ool loed ("C) Hazn'ne mI = 18 N3 = e 0z =% 0.9
Crinrala 1.7 = 1.3 + 173 = 1.3 % 83 = 1.0 +

Jminutes after ooid load("C ) Hazelne Jog = 8 a10 %= 14 05 =+ ar

Chlarala | = 42 91 = 12 286 = 4.2

raDevDry Fata Hanolng 1.1 % [i %} 11 % 02 12 =% [ ]
Chiorela 1.0 + 0 | - - 0.3 s =+ 03 =

e —
Maan = 50 % ; Défference betwean savers hie ard mid hie (o 005}, T: DfFerence botemen chiorels and bazsline (o

0.05).

Table 8 Correlation coefficient between the Hie Questionnaire
and each test item

Hia Chigslionnars

Test inem Towsl subjects(n=193

Baszline ﬂtl_nr:h

BMI =0, 619 = -0, T13 ==

BFP =0, GAT = =0, 73 ==

BMA =0.513= -0.535 =
Fulse o ond -0, 140
S8p -0, 220 -0, 205
Dap -0. 056 -0, 244
" -0, 27% -0, 174
TG -0, 350 -0, 338
TG -0, 215 -0, 262
Armylaee -0, 007 -0, out
Adburnin -0, 315 -0, 207
Glueass -0, 365 -0, #2318

WEC =0 805 = =0 GBS ==
Hemaoglobin =0, 234 =0, 364
Platalats =0_ 296 =0, 192
LF/HF =085 = =0 224
OV 0. 320 0. 218

Before cold load =0. 185 -0, 493 =

Omenutae aftar ¢ald ko ad =0, 088 -0, 102
Iminutes after cobd bad =0. 195 -0, 062

Recovery rata 0. 0749 0. 273

HML body mass index, BFP: body st percentags. BMR:

basal metabolic rate, SBP: systolic blood pressure,
CEF; dastolc bood pressure, TP: total protein, TC:
total cholesteral TG trighrceride WBC: white bood cell
LF/HF: powear rala i the bhiw Ire qiancy sraa and tha
high freqaency area that was derived from Frequency
anabssis CWaa: coelBcient of the variastion of the a-a
intervals, ® :pd 0,05, ®8 - pd 007,

WBC I, EEWHZAHEN PAEICKRMHETH - 72
T-Cho I ZFHEZ DR E 2L A 70— )VIZBT A 0F
72C BMI & BFP & OBICIEDMBE A S 'Y, 4l
DFER L EER 28O BMI & BFP VA EIZIKET
Hot-Z kb ’%o*ﬁmﬁ%é*tﬁ%i%h%o
F 7z, FIRSITEELE L S RICEGFHEIC

BEBIMEEEB ZRNTHE ) . EFFHRHRIE
W ERRRIER & & DI E S R 2 R L7 2 L
HELTWwEY, TNEBZICTIUTEES 2 B
mP#h%ﬁv«wf%ot_t#%ﬂ%%i
B GUL2'EEE 22 0 WICEE G 2 B0 GUL
(IRl 2 7R L 727 @#%z%ﬂé WBC (22w
TIEEWEH O 2R E OB ATICB VT HII
WAALFARATH O CRREIZEWAHBAS R S
TWb, HRAEDOWFTHRE L OBEILE CHERT
EDLPHMIREAEE) DI Z L . SHowst
FERITHRENL D TH S L E 2 5, Nishida 512
L IE19~39%% D P12 A 12 B\ T20M8 & 30D
BAEOLED ) Vv SERBUIHA LB, 72
B OFFE TN E o WBC 13 IE Iz & - 7217,
ARFFE T O BEG 2 HOMKEDL0kg Ll LHE <,
BFP 2888 L~V & 512 2 BRI & RE,
BMI. BFP 2" DM BIBRIZH 5 2 L 25 WBC
2 HEHOBFEZRIIMZ S 2 BRI E DML R L
TREEDSE 2 b, WBC OZALIZ, mEDH
ZIEICBIT AWIZE TR T E 3. S OMER Tl
B2 DOTH o 7205, Wiz &7k EL L B
HWASGR N7z O D L AP AT E L 72 faiE & 72
B ON RGN % GO 72 H 7 DIRE P LETH b,
HAMRERREEIC O W CEE S I L UL LF/HF &
HEMEIEEI O/ » ZDIREE L S, JER IR
RIREECIZ20L D /NS SNTWa 2 EnsY,
S OiERIIMARE O S, 28 L O ICLH R
RETH-7-E2bNL, T2 EOLEIZE
WT 7 a LSRRI LE/HF &, % 2 DR
W T EZERRIRRETH o 72 LR S 20 ZF 2Bk
WIRIA & ME X 7 B L 7B & b IC e &
2HCIEFHFATH Y. 2HMOLEIZB W TIRA
E7 0L SENHOEEGZHECTHRIRMETH -
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2D AR L OBEESM A, Ll
0L 5 BHHICIEAEZED % <% 2 BRI E oM
ST BWTHHL 4RI Z L 2o 7272 o]
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Investigation of factors related to Hie (cold sensitivity) and the effect of
chlorella intake on young women feeling cold
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[Abstract]

This Japanese describe chronic coldness as “Hie.” In recent years, not only menopausal women but also young women have
been restricted in their daily lives due to Hie. However, the cause has not been clarified. Therefore, we investigated the
relationship between Hie, physiological indicators, and the effect of supplements for Hie using chlorella in young women.
Nineteen female college students with Hie were classified into two groups, mild cold and severe cold, based on the total score
of the cold questionnaire. Each test item was compared between the groups. We also performed a correlation analysis between
the scores on the cold questionnaire and the measured values of each test. The measured values of each test were compared
before and after ingesting chlorella. The questionnaire scores were high in all subjects. In addition to the fact that BMI(body
mass index) , BFP(body fat percentage) , and BMR(basal metabolic rate) tend to be lower as the sensitivity to coldness
increases, it is suggested that total cholesterol, glucose, and leukocytes may be indicators to be considered when examining the
symptoms of coldness. It was speculated that chlorella may increase appetite and increase body weight, BMI, BFP, and BMR

by acting on the digestive system.
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