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DOCTORAL THESIS

Relationship between the Total Thiamin Concentration

in Whole Blood and the Factors Involved

Abstract

In this study, we paid attention to thiamin (vitamin B1)
deficiency previously a Japanese national affliction. And we
conducted three surveys of total thiamin concentration in

whole blood as a means of nutritional assessment.

1. A Study into the Distribution Range of Total Thiamin
Concentration in Whole Blood of Female University Students
and the Factors Involved
The participants were 418 female university students aged

between 18-20 years old. We conducted the following tests;

anthropometric measurement, a blood examination including
thiamin levels, an investigation into the quantity of food
intake according to food group and the quantity of nutritional
intake and a survey relating to diet and thiamin. Results
showed the average <+ standard deviation of thiamin
concentration was 40.3 =+ 9.5 ng/ml and there was almost a

normal distribution. The number of individuals who had a



lower concentration level of thiamin than 30 ng/ml was 58
(approximately 14% of the total). According to the relationship
to resident status, the percentage of those living on their own
was significantly high among the individuals who had a low
level of thiamin concentration. For all of these reasons, it can
be surmised that latent thiamin deficiency exists among

female university students.

2. The Distribution Range of Total Thiamin Concentration in

Whole Blood of University Student Athletes

The participants were 172 student athletes and we compared
their thiamin concentration with general students from the
same age group and through this we considered the influence
of exercise and the possibility of nutritional deficiency
conditions. Results showed that the distribution of thiamin
concentration for both male and female general students was
within the standard value and there was almost normal
distribution. In contrast to this result, for the distribution of
athletes’ thiamin concentration, there was a lower frequency
marking higher values compared to that of general students.
In addition to this, since the average value of thiamin
concentration for both male and female students showed a
significantly low value we therefore indicated the possibility

of the lack of thiamin due to exercise.



3. A cross-investigation between thiamin deficiency and the
physical condition of elderly people who require nursing
care
The total number of participants was 14 males and 60

females who were residing in a nursing home, they were aged

between 65-105 years old, all of the subjects agreed to take
part in our research. We conducted the following tests:
anthropometric measurements, blood examination including
thiamin levels and also physical functions as in the level of
nursing care required and tests on other physical conditions.

The average + standard deviation of thiamin concentration was

22.4 £ 8.9 ng/ml and the number of people with a deficient

condition (less than 20 ng/ml) was 42, which was 56.8% of the

total. From these results, the existence of thiamin deficiency
is validated in more than half of the elderly people who require
nursing care. On the other hand, the method of meal intake for
all participants who have a thiamin deficiency was oral intake
and for those who were non-deficient in thiamin, the
percentage of tube feeding or nutritional supplementation
intravenously was 37.5%, which showed a significantly high

value.

KeyWords thiamin (vitamin Bi), university students,

elderly people
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B:iEoO#MIZ., &/NHE 24ng/ml 7 5 & K 50ng/ml TH v .
31~40ng/ml DHEHHICTHK B RELR L T, ToH G IXTEINK
DK T1% (484 ) Thole, TR L., —RFAE 544 DX
S BiEBEO#HMIX., &/AME 22ng/ml 2 5 & K 84ng/ml T H
D, 41~50ng/ml OFEHICHK L I HEEDRIREL TEBY ., ZoHE X
EEHEOK 39% (214) Thole, MATEHX I v BiigEOFY
HEEEREIEX., 7 AU — 2 34.5£5.3ng/ml TH 5 D% L.
— AL 46.9+12.2ng/ml TH - 7=,

— 5 T, Fig.3D&LFIZBWTT AU —FhF 1044 DL % I By
BEOHMIZ., %/E 19ng/ml 7 5 & K 50ng/ml TH Y . 21
~30ng/ml DHFEHIZRK LI LENBE L TEY . Z0HEGIXTL2ED
¥ 61% (634) Thol, ZnlTxt L, —FHE 4184 OB X
Y BIBEOHMIT, K/ME 1lng/ml 205 i KM 77ng/ml T b
D, 31~40ng/ml ODHHICHK b LHENEB L TV, TOH A I
EEROK 37% (155 4 ) Thoio, Mx TaamiBre ¥ I B
&

O R EIEL, 7 A Y — h2 28.75.6ng/ml ThH 5 D

™

L., — ¥ 4E1L 40.6210.4ng/ml TH - 7=,
Bt WBFEEDOEXIUBIEBEOSOMFIIZTITEEMAN (6,
7, 31, 50) TH VOV, MmO FEFEHSMHALTWVWE, Mx T, 7 A
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V—broemBe ¥y BiRBEOSMAIT., —HFEA LR LT

mAE 2 L D BN Do T

3-2. MEAMLZEREM

TAY = FBIR—-BFPEICBTL2F oMKk EMEFEY
i % Table 6 |2, &1 % Table TIZ N ZE L o,

Z DR, Table 6 OB FIcBWVW T, 7T AU — FiF %A L
ki L T % I Bi, MCH, MCHC, HDL = v X7 v — /L
BNy T T v MiESOERES A E IS A Bk,
/., FHEl. Rzl ATn—1, REFEHE, 7 LT F=
Y. TNV ARAT - OEHETAEICEWHEEZ R L,

— 5 T, Table 7T O & FiZBWT, 7TAU — hix— %4 LKk
B LTt X Iy B, ~ &7t MCH. MCHC. #% % » X7 |
A, v GTP o F¥HE A EICKS ., /%, HDL = b X 7
72—/, 7 L7 F=r_ AST, ALT, 7 A AB VKA T7 7% —FED
FHEEIAECE WEZ R L,

UbtoZ&rb, Br@mo@me LT, 72U —MiT K%
gl L T ¥ I B, MCH, MCHC., # % v "7 @ ¥ {E »
FREICKLS, /IR, 2 v7iF=rv, TV ERAT 74 —F

DY¥HEEIAECHSWEZ LKL,
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4. B8

X I Bk, BICRAKECR#BEROMEFE L L THx
RZICEv 2ok, BErE., 8. B EoB TER
WENDZOT, Kilz2zE2x29 2 CEERREEZETCHDH (6, 1T,
43), BERICFT 22 X —RPHAER & 20 L EEDEINT
HEEWwbhTkBy, Zra—Z2AD0EEHEICKKLTEX I Y Bt BA
BT HE . EAEVYEBIPLTEFIL CoADRBF A M IBICITDON R
X7, Erbevr@BrbolBoEANENL, ABAEHET D
ZEICKVEYORRKERD (54—56), BLIEE X I v Bio &
BT %L ¥ —1000kcal 472V 0¥ TED LN TRV, EBHHE
i, =X AV F—FBHREHENS 2 TREAIAR L ZHERH L.
NI v Z20RNTEEFNAETH 2R LITLIEHREEIALD (50,
52) .

KRBT L7 A —hE —KFEDOEZ I Bl REODS
MeETPHEELRHBLEMERE, BLEbIIT7 2V —bbE—RFAEIC
_TEe ¥y BiIBEOHSMIBWVW T, GiEE & 5 8END R

Mmodo, M T, HxLblzeH

/71

Y BiBEOYHMNAEIZ

/]

Wiz Lz &nb, EEHICKL D2 EX I B A& A BN
AP = g VN

RO TIX, HFEOE X I Br OBIWAER L+ 7502
LTWD2 & TR, EHICL2FA2FTHEV ALV ERE
SN TWs (57, 58), LN >sT, B Lol AU — Mk,
EHAEBZRELEZLEELNILO SR EXY I Br B EMEF TET
Wi holZ ERTFTREINDL, LEL—-FT, AFRONFGTH
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27 AU = hMiE, HBHEEERFICLRAEZE > TWEME DB A
b, 0 THbARFRIEHERBELERMEROZEICLDZ T A Y
— OB HEEY KR —FFT 5% —2 ) NSTA (Nutrition Support
Team for Athletes)iZ X » T, + o B FHEMLIC K D ERRKE
i AR SN T W& WS, fle LT, Table 8 2/ 3@V |
T XX — X1 HYED 4500kcal, ~AIE < E X 170g & A 4E R
DBFHECHERT2~3[FBEMLTEY, FlIce ¥ Iy BilcB LT
1 2.7~3.6mgt AFEREEICBITIHRE 1.4mgZ 135 I
FHEIZHEHE =X VX —ICE L&D+ oK I TWE (59, 60)
bbb P, ARRICEBVWTEXY Iy B BEICEENH
L TE, xR -—RFICLD2E X I B 4 EEOH
MU DM NEE e BERNEZOND, %I1FT. 72U — B X
C—FAELBICEESY U A PO EBCKRW S E B AR
EEREEZ2HAEL., WO RREERLZMBOITHRTT L TV
VEMND D, Flo. RORKEFEEBREDSREOED R E CTIX. W

ARRBITALNL TV RV E WS HRELNDH D Z &5 (58,61,62).,

pil

RO HE L LT AU — b3, Wb ETEELH
KRFERERSE VWEMN TH o722 & S HEMH KD,

— T, H 2ETIEHE hoRkRNToOEZ I v B2 F T EKFR
I FEAEL TR, FFICRMERTOEXY Iy Br BENENE
EAKMBL (44), 2O 7= I B % I v By E & M xt#gI1c Mk
FOMBEHREE I GWELRLEEREZB L b, 7T AU —
MBI mMMEENDLDHAEFICANRLRITATR S W, T4, &
BMICL2WHEHMNER2Z 5252 LI0Xs T, BICK D AKR—Y
HEMLOHRENZ AN, —RICHFMEKEK, ~FEZ7 b ~
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~h 27Uy FPBRKEZRTEINTEY (63,64), T E X I
PBiRBRBICEELIREITENTHENDLI . LL RN L,
FINOMERFMBICIB Y THBERETAEAD N Mo
X, SEBEBRFEPILEL LD,
oMo mEELFEREMICBWY T, 7 AU — M —HF4E L
kLT, AU AERICE N, —RICEBHIT LD HZ
VRN ITEOGMMPNILET HZERHL IR o TR, EHIZ K
D8 NI BEOnMEITIEESRFMICEMN TS LML TWY
e TDOH, EEELEBICHBERY VY7 ThomiE ¥ v N7
MAHINDLDZERBZZ2ZLON, BEHRFEET X N7 E0BRE % ¥
M3 s enEhdonTnsd (65, 66), Ll ann, EE L
ZURITJESBICEHALTEALMNZEI R TR ERDLEZL . 4 F#
VR BLETH D,
Mmz <, 7 HVEAT 7 HZ—=—BIZHOoWTT AU — T — &%
ALEBLTAHAEBERREWEZ R L0, EHIC X285 RH 13T

I TWhkEoeEnBxonbd, 70U KRRAT 7y —BIZITK

i

BHHKRORRDZ 7 A YV A LBHFELMALL. 2 TH ALP3 3B R #H
D~x—H—Lp FEKRILERBTLA T Z LA TL
5 (67—70), RMREICBITL2T7T AU —FOEMIEZ., VFTh bk
EomwHE#Tthbd &b, —RFPEICKHXTHITMD 2 H M
MWL, BEEATLEL VWD ERNEBZLOND, TOLD., T
NIRRT 7 E =R EMEE R L O TR R & HE Ok
5, TOMIZHLMBEREMBICBVWTAHERENAZALNLEZHA N b
L0, TOMRBPLMIEE R I2WMELIMO THA RV, 5% LD
RN LETH D,
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AR ITHBAFZE TH L2, HEEBIZKL Db O MKk A
EORRIERZZEZTLHO0OFRNETHYY, B FTVTHLOKE D
SOLRDLIEBHRFENMLETHLILI EEZEZOND, £, RWFRDOT
ZY — MiF. TR EEEMER WS BR Ex oME R K 2
R ehb, ThboERUOFES BRI L T, BB,
EHREOLKFEOFMERELNLEL D,

RKFEORKHIZT, "KW ENE TOREBICKAFELZAEENDL

HY LEABZFICOT TS BITH THDL, EICHERVE
HEHE., FICEABCEHLTEZIoRMIZET 22 LR THES

NTWEHE(T71—T74), LN > CTHEUZ2REBINEKRD 505 0.,
HEMWICHELWESSZ29T 257 2Y — hiZ, —HICEBLAREFIC

WTOBLBAES, FiIZe I vy, IXTLVEOHERERIZD

171

WTOEREENAEIALZDL THDH, —FH T, BEHEB OE# R
M. 72— FExOEFHNLEBENRESSERDZLNL, =X
NEF—RHEREFOEREZ MR ET S5 LT THEHL
W, LT, ABIFIEBRALOEE & FEFIC, @Y 7RREHE
MEBEOREL, FROBELZHEREL TWIBLERDH D Z LB TFRR
S iz,
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Table 6 Comparison of blood examination values for student athletes and general students (Male)

Mean=*=SD .
Significant
Student Athletes General Students probability
( n=68) (n=54)
Thiamin (hg/ml) 345 =+ 53 469 =+ 122 0.000***
WBGC (/mm®) 7262 =+ 1495 6150 =+ 1432 0.000™**
RBC (10*/mm®) 532 =+ 26 524 =+ 27 0.096
Hb (g/dI) 158 =+ 0.7 158 =+ 0.7 0.465
Het (%) 474 =+ 24 470 =+ 21 0.424
MCV (f1) 89.1 =+ 3.1 900 =+ 33 0.137
MCH (pg) 297 £ 10 303 =+ 1.1 0.004**
MCHC (%) 333 =+ 08 337 =+ 07 0.025*
PLT (10*/mm®) 256 =+ 438 221 =+ 41 0.000™**
TG (mg/dl) 128.0 =+ 843 86.1 =+ 465 0.000™*
T-CHO (mg/dl) 1734 =+ 352 1610 = 29.1 0.037*
HDL-CHO (mg/dl) 541 =+ 129 583 =+ 99 0.010*
TP (g/dl) 73 =+ 03 75 =+ 04 0.000™*
Alb (g/dl) 45 =+ 0.2 48 =+ 02 0.000™*
BUN (mg/dl) 151 =+ 33 133 =+ 3.1 0.001™*
UA (mg/dI) 59 =+ 1.1 59 = 09 0.637
CRE (mg/dI) 09 =+ 0.1 08 =+ 0.1 0.000™*
SI (u g/dl) 718 =+ 258 117.9 = 400 0.000***
AST (IU/L) 215 =+ 150 195 =+ 49 0.862
ALT (1U/L) 228 =+ 187 173 =+ 86 0.068
ALP (1U/L) 3636 =+ 965 2571 =+ 790 0.000™**
Glc (mg/dl) 848 =+ 7.1 851 =+ 6.8 0.505
y_GTP (IU/L) 209 =+ 103 206 =+ 6.7 0.239

WBC: white blood cell, RBC: red blood cell, Hb: hemoglobin, Hct: hematocrit, MCV: mean corpuscular
volume, MCH: mean corpuscular hemoglobin, MCHC: mean corpuscular hemoglobin concentration, PLT:
platelet, TG: triglyceride, T-CHO: total cholesterol, HDL-CHO: high—density lipoprotein cholesterol,

TP: total protein, Alb: albumin, BUN: blood urea nitrogen, UA: uric acid, CRE: creatine, SI: serum iron,
AST: aspartate aminotransferase, ALT : alanine aminotransferase, ALP: alkaline phosphatase, Glc:
glucose, y GTP: y —glutamyl transpeptidase

* p<0.05 ** p<0.01 *¥x p<0.001
Probability was calculated using the non—parametric method Mann—Whitney U test.
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Table 7 Comparison of blood examination values for student athletes and general students (Female)

Mean£SD Significant
Student Athletes General Students .
(n=104) (n=418 ) probability
Thiamin (ng/ml) 287 £ 56 406 =X 104 0.000™*
WBC (/mm®) 6292 =+ 1867 6177 £ 1427 0.842
RBC (10*/mm?®) 450 =+ 36 453 =+ 30 0.962
Hb (g/dI) 131 =+ 038 133 == 11 0.016™
Het (%) 409 =+ 28 405 £ 238 0.238
MCV (fl) 90.7 £ 36 896 =+ 52 0.053
MCH (pg) 293 =+ 1.7 204 £ 22 0012*
MCHC (%) 322 = 10 328 = 10 0.000™*
PLT (10*/mm®) 268 =+ 5.1 238 £ 52 0.000™*
TG (mg/dl) 782 =+ 56.4 68.7 =+ 333 0.545
T-CHO (mg/dl) 180.7 =« 27.7 1759 =+ 305 0.133
HDL-CHO (mg/dl) 736 £ 148 653 =+ 11.7 0.000™*
TP (g/d) 74 =+ 04 75 =+ 03 0.005™
Alb (g/dl) 46 =+ 0.2 46 =+ 0.2 0.966
BUN (mg/dI) 130 =+ 34 122 = 28 0.070
UA (mg/dl) 46 =+ 11 43 =+ 08 0.073
CRE (mg/dl) 0.7 = 0.1 06 =+ 0.1 0.000™*
SI (u g/dD 957 =+ 370 930 =£ 417 0.330
AST (IU/L) 210 =+ 51 171 = 3.7 0.000™*
ALT (IU/L) 140 £ 55 123 £ 6.3 0.000™*
ALP (IU/L) 2312 £ 726 1956 =+ 479 0.000™*
Glc (mg/dl) 813 =+ 139 858 £ 70 0.000**
y GTP (IU/L) 136 =+ 3.1 156 =+ 4.1 0.000™*

WBC: white blood cell, RBC: red blood cell, Hb: hemoglobin, Hct: hematocrit, MCV: mean corpuscular
volume, MCH: mean corpuscular hemoglobin, MCHC: mean corpuscular hemoglobin concentration, PLT:
platelet, TG: triglyceride, T-CHO: total cholesterol, HDL-CHO: high—density lipoprotein cholesterol,

TP: total protein, Alb: albumin, BUN: blood urea nitrogen, UA: uric acid, CRE: creatine, SI: serum iron,
AST: aspartate aminotransferase, ALT: alanine aminotransferase, ALP: alkaline phosphatase, Glc:
glucose, y GTP: y —glutamyl transpeptidase

* p<0.05 **x p<0.01 k% p<0.001
Probability was calculated using the non—parametric method Mann—Whitney U test.
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B 4E
BEfEEREICRBITISS>EZIVBiIXRZE
HERRICEYT 2%

/)

1. BHH

W, GErzhoice s Iy Br RZENHEML TH Y.,
MABRERMEFELELZVIPBRFIN TS, EX¥ I Bt RZIED
M EICIE., TAra— Lok EMD ., BERFESHURZ E 0K
ok %Iy BIMMREERNZVW L, ZHROEDEELE LT
WDLEENLZL, KAAOEBEEZITTCWDL I R ENFEKE L TH

HEEh W20z, amEOE X

171

VEEZIEIUD T D RE
FOEBBRARELMEL R TEBY, FIZELZEDEAN, BAEZE
AN EDODERRBEIZIFTRY DL E VDAL TW S,
ABETEIHBNM#LZzLEL L, ZETHELZZT D2 &N
mEEEEEABBRAFNEBEICEARL, REFME L ToR2MKE
2y BiiIBREOEEFAAELZITW, RZKEDOHEELZOER %A
HET XL, ZomoREHERAD, FEBKERE. FERRLE LMD
D& mMEL T2,
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2. i

2-1. HBEBIOCHAEHH

2010 &, BMRATEBRHT ORI E#EEZ ABHKE NITAFLTW
28 Lo Hrb, WEM™ELALE 656~105 m (FWME R E
87.6E7.5 ) ® 744 (B 144, LM 604%) XL L LI,
MHEFEEFTWTNLENEE 1~5, BEZAOBR W AIGHEHLE (L
T EREEDELTL)II~C2.RBMMEEANO B W AEEBE E (L
T, WMMmELTDLH) BX~NVIZEL TV,

2-2. FHRHABLIUOOLBEAELLERE

HEANREZ, FERWEELE L TCEHE, fE., BMI Z & L 7=,
MigAEFRAEES LTI, 2% I Biig#E (Thiamin,
UTEZIryBiRELTZ). AMEHKE(WBC) . J 2k % (RBC) .
~FZnurry(Hb),~~ 2 U v k (Het), MCV, MCH, MCHC,
ifn /N A %% (PLT) . M B (TG) . HDL = L 25 v — L (HDL-CHO)
LDL = v 27 17—/ (LDL-CHO), 7 V7 2 ¥ (Alb), R FEXE X
(BUN), 7 L7 F=> (CRE)., AST. ALT. ¥ (Gle). 7 V
a~% 27 vy (HbAlec)., vy GTP, 7> FU 7 & (Na), VU U A
(K)., 7 @—n (Cl) #z#lE L,

B Iy BiREICELTIE., ANBICESD HPLC A A M # J
A miEic LV A S FALCO XA 4 v AT A X2 X D44

WMEFEICLY Ef L7 (15, 39—42),
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2-3. FHRREBLIOEZ IV B1ERECETZIHAEAE
GHERKRWIZET 2 EBICHEHL TIE, fEFERLEMZ2EZ227- L.,
AFr&FERSEEZTICHL, EAREHELTE., ARFERE (KBDOER
BIORE - HRER), SBEOARK, KSERE, BAOHTO
A, MRERE . MIE . BlwWIE . BRIERE. RELRETH D,
MHHEHEOEEZ I B EREBICEHL T, ¥BEOAFENKOE
Boz#zilcx LT, #AEBAAT 1HERBSOFEEROBKN B, Gl
MBAEMLRSRICELCEMKTTY 7 b= 27 £V R EH Ver.5.0 I
FV1RYEZvor Iy BiEEREZHEMB L (75), #E
AR EZZ T TV D HCHL TIE, AEHMICHEMRL TV D EE
Al s &L 0EHLL,

2-4. WEFHMEAN

MR AT X, FE MM Y 7 & SPSS ver 16.0 J for Windows
AR L, FHEOEOREICIT ) T A MY v 7k
Mann-Whitney DU EZ H W, LEROEOKREICIT x2 B E %
Tot . £ . %KW+ & OBEMFKRICIE Pearson O B A% &2 B H L.
WL p<0.05FFEEDLY LHEL L,

2-5. fMENERE

AT, "V FEFCH A TEFERETMELZE S
DEKBZERTBY, MEANEFIZODOWVWTEAANETLZEFIREANDZEE
IXETCHHLAEEFEELSGRL (¥ 23 4F 5 4 13 B, RRE &

49)
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3. MR

3-1. 2MmMBEr¥I vV B.BEOSA
KRFEOE X I BiigEOFMIX, &/ME 10ng/ml 7 5 i K
fE 53ng/ml TH YV . £ O FYH 45 K £ 1L 22.448.9ng/ml T H
Sl . 2 GFHFEOE LI BIREDOER A% Fig. 4l L T2
2A.20ng/ml ZF LICHEMBICEVWVHERFZ L 88 EL L T,
X I BiiREN20ng/ml FTOHFIFT 424 (2K D 56.8%)
THY ., 21~30ng/ml ®DF X 194 (&2HFED 25.7% ). %V O 13

£ 0% 30ng/ml = # 2 T W 72,

3-2. FEKHABIVCLEBELMERE

EHBEHEOELZ I BiiREOERH S ML H LT, 20 ng/ml DL
ToHEEZRZHE (n=42) (LT, XRZH L+ %), 21 ng/ml 2L E
DHEZIHFRZH (n=32) (LT, #EXRZHLT D) &L, ¥
Y BiiREELHHRMEE., MEMREMEE OBBKEEZ AL, £ ORMRK
X, Table 9ICRT &8V ThHh 5,

R, KE, BMIF O KEAMEE ©2 I BiiREIZIT 28
MICHFERZEZXRBDLNZ2D2 o7, L L., BB, IR i 2Rk %,
~EZwpvEry, ~~hrr27 Uy b, PV ZUERY RN RIFERZRFOD

MmiEmEMICE W TIT, B4

/71

Y Bi RZHTAHEIZTKWE%Z R
L7, —FCC.HDL= L 25T 12— )L, Z L 7F=>DOflx. v &

SYUBIRZHETCHEIZCEWEEZ R L I,

44



3-3. ke, FARILCETIME

FiIc, B4 Iy BiRZ#B., BXRZHEO 2 HIZEWVW T, H£
TOHEEE., HERN L oK% Table 10 & Table 11 {278 L
7=

ZORER, Table 10 D KRR ICE VW T, EHh#EETCHERE

WHhLNTd, RESHZIToTLEZ A5, X

/71

¥ Bi XK Z R
ODEAEIF, Bh#EE 3 THEWVWHELRL, BNEE 5 TKEWHEZ R
L7z, ¥, BELEVECBOWICLAEREN AR D, &
ENMEAIT T EZ A, BEX I Bi RZHOEAEIFT., XD
£ Bl, B2 TmWfEAs L., L&V E Cl, C2 THRWMEZ R L
7=

— J T, Table 11 O H KR WIZHB VT, ¥ I BiRZHOD
EXRBEORFEELIRAOBR TH Y . FEXRZHETITRE - Bk

KETHOSREBHAEICH VI E R L, £ 855750k

N|

mEIL, BH

741

YBIRZBETHEICEWELZ TR L L,
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4. B8

BAE., mimibt= o B RIZTEDY ., bR ETIE A& & O /IR E
ODEFHIREROEERFE CH L, Tofh T, Rz nn bl o
EXIVEOWMBEBRER D D,

EHh#ESmET 2R L LEARMIETIE., —RICKRZIE L Z WS
nNsev 4% BiiEEN 20ng/ml L Fo#E (6, 7, 34, 53) 2% 42
LROMNY 2 EHEOERU ERIRZRETCH D LWV FERE
o, £, EAxOXWMTIEIEZ I B BEEEEANICL Y
PHLT . RZEODERZRZETDEIALNLDLZ ENDE ., X IV
B: IRE 2D 21~30ng/ml O F ZEEAEMH L XY I VU RZIELE T H2HE
HbdH Y (7, 34, 43), BHBICAMEICE N TE X I B R ENR
30ng/ml UL FTOEHFEZEZHITFT THDE . 614 LEL2ED 8EL ENXRZ
FRLERZOBBENSDDIRETCHDIZER b, Z0OZ &

Mmh . EhEEBEICB T WAL E X

/41

¥ B1 RZ OAFA1E N R
1 3N AV

COoOMEEEELZLLET, BEX I Y Br BEEXZHAE (20ng/ml
LF). EXRZRE (2R E) Bl & KR EM., gk EMEz2 ik
W L7c& Z A, Table 9 @ Mg M & 12 3B W T H I BR B, IR i Bk
B, ~ErbEry A~ b2 Uy FPEOEFICMEKRFRMMTE ¥ I
Y B, RZHTHBEICKWEZ R L,

—fice hoEANTOE X I v Biix, EZEMERMTH S TPP
OF CMEKZFMBICHAEL TBY . HFIZAMLEKRFPOLE X I B
BENEANEBERE 2T 2 0bRTWS (34, 44), T O I-
DT, B I B KZ &M I ER R O MK R E S K fE
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R LlEEZDLN D,

T, 77 F=rilBWnTEXH

/71

Y Br RZREMNIEXRZHE L
g L THRBRCRWEZ R LEA, 2B VT F=viiad i
HKOER K JE B B o # F & L T eGFR (estimated glomerular
filtration rate) DO ¥ HE Z LI L7 L T A, Bi XZHDN 63.5+
31.9mL/min/1.73m2? T® o =Dz x L., X ZH TIiT 88.5=*
43.6mL/min/1.73m2 & XRZHICBBWITAHAEBEICEWEZRTLE (p
<0.01), RO FETIT., FERHF R EICID2BHEREOK T L,
. Br iEOCK T, BEORF ~0 & I > deit o8N H &

J

STk, BHELEEXYI UV RZOBEBERSDIT S TD
(76-78), — F TRFERIZHLTIET. BIRZHIZBWTHE
MWEZ R LERN, RZH., FRZFELDBICHEEMANTH - 2,

oMo ENEM., MEHKREMBEOHEBIZB W TIX, FICER
TLHEOIREXZIY BIRZECHEDLDLIABEREZTRD RN -
eBh, A% LELBHAPLETDH D,

— T, Table 10 & /" LEHKRKRHICENT, ¥ I Bi X
THOLENGEORERENAROEBER TCH Y . FEXZH TITR
EoBREETCHLIHADNAECEVWHEEZRLE, 2512, AE
SO X Iy BiiREOVHMEALKE LELL A, KAEK
Tdh 5 HIF 19.3£5.3ng/ml T HDITx L, BRE - fFIRKE 2%
JTWwW23 b ok 38.1£6.4ng/ml & HE 2%~ L7=(p<0.001),

1990 FF AR, FER DR BB ITHE AR RE LRI, FFICH#HIR
KBICBWTEXYI Y BiaE5EETICEI ) — WK Z AT L

BRI, B EGiEEOE X

/71

v B1 RZHEOHENHHEKW
4., Mol —@EMBITHIZIIE XY 2 Br 2% 53 5 X951
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EWnHrEIEAHEN T WD (79-82), LR o> T, 4 EXGL
BRolBEIZEBWNWTSH, REAMSCEH I ) —WiKICIZT+oRREe X
T BigER RSN TEY, TORE. BRE - HIRRE 2%
TWL2ENPEXI Y BiRZEBENLTWVWEDTIERVWNLEEZ XD
s (83, 84),

EEIZ, A RO REOHRERM LEMOREFRERE L H
ML ZA  BRAEROAFT, =2 VF =2 1 HHELYK 1728
+156kcal, % > /X 7 BN 64.1+4.9g, T L TE X I Biix 0.82
+0.13mg (0.47mg/1000kcal) TH 7= lzx L., &E « & Ik %

BErZ T T2 HFIFE, = xF—2n 1HHZLHK 801+132kecal,

/71

2 X7 EH N 38.918.5g, £ L TEX I Y Biri¥ 1.15£0.32mg
(1.41mg/1000kcal) ThHh o7, —FHF T. ¥ I v BiiRgJEXRZ R,

FERZHANICEREZ LK LEZLEZA, RZHEOZ X ALXF —RN 1
HY 7 0% 1728+156kcal, # > /X7 EH N 64.1£4.9g, = L TVt
% I v Bil¥ 0.82%20.13mg (4 0.47mg/1000kcal) Th » 7= D |

stL. EXRZHEHIZ, = XX =20 1HY%720 K 1351+470keal,

171

Z o7 N 53.8+13.7g, £ L TE X I v Bilid 0.95£0.26mg
(0.70mg/1000kcal) TH o7 Z &b, S IIROERSLHE
BT L2HEEREZY IV BIOMGEALETHLDL EEXLILD,
L2LeRns, AMMETERABEROZOERREEL KD & T 5
MERBIETZEEL Tk, FEORXREEIE % F MiCHEE
THZLEEIRETHD, T, BMERES LLITRAEDODKBAICKD

Xy BiNEESELEELTCWRWNWED, 5%I1FI02E5M

171

MOEMBBEERILS LOE XY I Bt WINEFHFICLL2EE8 %
HAEL., RKERBLELORNREMREZERICHEFTTL2LELR”D 5, N
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AT, AR FERDEBERELTCROBIRNSAARED 5 WITR
toanFICH L, HIELEEEREBELZEZERERLLZLET, BREREDL L

Ik EBEBI BRI, SHLEIRGACLCELDERLI S, T0E
WE 2 oA EERL, L2rL, RFETEHIERODERDH
W12 4 ERHREOK 16% DR, BE - BIREELZ DT TO
IS RERRI AR+ Thonb, ERODERE L TRAOE
e ERFT LEZ, LB, T, B EFRELEZHOL.,
REREBBILIVOBIRREBEZNLENLORB B RE LS LR 50K
RIS B L T D

. AEICB W T, Table 10 D A #EE, E- &0 E, &
MESCT, BEEELEXI Y Bi RZICHEbLDEITBWT, B
Sl HAMEITAOR Lo, TORKE LT, —BEMWIZEEOD
fr#ERETCHLIbON, BRE - HIRKXBCTHLIEM A E W LN
EAibN., TOME, EEXZI Bi EENEGEME RL TWEZ &
DEEL TWNWDLHEEZILND,

—H T, ZORBEZEZHEEIEARDIBEROFT L TICRE L & ERHR
oWnwWTlERSTLES, FERETSGLA RPN -, —&KIT,
HE) R Sl LA xR BIERICR D EEHX I B T
HREPAE T LI TWD (67), L2LAanb, TOamik & 25
Mo Tr —2iFmd Th Rl 2"ORKMEINGEN N ELZET DA
WEL VWIS, BEHX¥I Y B RERBICEZEELZLITT L
OB ERIEBHICEL o EXONLD, 4%, X IV B
OB EFHICEHT LR LI VHALNCRIT., 675K
BnHfETELEEZE LN D,

Mz T, ABHEOKRINEBEBRICEZ2EZ I VHZIILD & T 5%
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EFZOBIARLLMELE 2o T WD, MERKOWIE T, £ APE
hoEEE T BiERESED TKLS, WP eIy Bio
KEREBLROD TEWEWS WE LD L (35— 38, 85, 86), Z
DFEKIF., WREOERAEREEGEHRETORFEREN D LW Z & 3®
HIFon Tk, BlHARABRBEOREBEFHIZONVWTHFEET D
VERDHDLELTWD, LERN-S T, B BFEREZEEXL -
FIvBiRZOWMEEZ T DIECHRHTL TV LERND D, F T,
EEEMON O - WL RN RBEERBEICEE 2 RITT
EWnolcHEbLINT WD (87—90), ZFICAMMEIZTE W
THRAEROS bo@BEBREN (—KE, A8, IFHF—R8)
Y BiRkBEBREZEBELEN, FEREEFS O

kBT L5 EH

N
/71

Mol SBITHEHE - THENOEHRLZEEEOLEE L. E

Iy Bir RERBA~OEZBLMATHRHTL TS LEND D,

/71

HIESHMEICEEZREETEROLI DELTE, HOEBRNE XL
N, BOEBRARPIRBRZRX AL —EBREBLIPEENAT VR ITEEL
FEFTLwoltmRBEIHEZ A5 (87—90), L 72T,
SBIETEHERICBITIOEXY I Br RERE~D U X7 HBEL

Iy

Mitb LETH D,

¥, ¥4Iy BI RZEOEBEICIX, Tra— 1D K%E
B, BERFESCHORAE EOBMEICLDIEES, ZAOEDRE
LTWL2ERNZWZ ERELFERELTHESINL TS (30— 32,
91— 93), AMFEICBWVWTINHLOHAIZAEREZITH DL LR D
SR, BMAEREEXYI Y BiRZEoBEEICOWTIE, 4% L
bR B MBETH D,

UEofREID, ENERHREOCRA XY I Bt RZDAF
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ERHBRBEINLEE, ARLLEIRMERIIE DL XETH DN,
TR EIFHERTEIMD CRELET 5,

ZOHBIE, B CENTESHRETIRELEIVOENI S,
HEOBMIETH D HLONEZ WD, RZIERAE OMRIEINR M
JEAZRKANFAHENZ EICHD, B I, —REICHE A O KR E
FROBRHMEROZBOKFEL LT, KERELV S BMI, ffh 7 L7
SVEAAVLER TSR (94, 95), T L OEIEHLT L L E
IV BiREBEREEZ —HL TRV,

VR =

141

AKWFRIZBWTS Fig.s5lZx3+ L o212, BMIR T V7
Iy BiiREOHIZIE., AECAOHEBE®RALNTZ, LR
T.BMI ®T7 AT I vt BERETCH-> TH, X IV
BiIRENAZLTWS2HBEHEI+FSITEZLNLD & WX D,

SH. mlEOEXY I Bt RZOBRHERICHIT T, 61

Bt L TS BEND D,
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Table 9 A comparison of laboratory test values between thiamin deficiency group and non—deficiency group

Mean=*=SD
Deficiency group Non-deficiency group Significant probability
(n=42) (n=32)
Age 877 =+ 80 874 += 170 0.566
Height (cm) 1446 + 9.7 1458 + 119 0.541
Weight (kg) 436 =+ 7.7 404 =+ 96 0.108
BMI (kg/m?) 209 =+ 34 19.1 £ 43 0.093
Thiamin (ng/ml) 164 =+ 2.6 302 + 8.0 0.000™*
WBC (/mm®3) 4632 =+ 1153 6469 =+ 2723 0.000™*
RBC (10*/mm°®) 367 =+ 49 396 =+ 53 0.021*
Hgb (g/dI) 111 £13 123 + 14 0.002**
Het (%) 347 + 43 381 =+ 47 0.003**
MCV (f1) 947 + 56 96.3 =+ 50 0.252
MCH (pg) 305 =+ 20 311 + 2.1 0.213
MCHC (%) 322 =10 323 =12 0.586
PLT (10*/mm?®) 215 =+ 60 207 * 7.7 0.239
TG (mg/dl) 91.1 =+ 30.1 1338 + 65.7 0.001*
HDL-CHO (mg/dl) 503 =+ 12.1 429 + 97 0.012*
LDL-CHO (mg/dI) 1122 =+ 320 1094 =+ 347 0.883
Alb (g/dl) 36 = 04 34 + 04 0.051
BUN (mg/dl) 153 =+ 6.3 19.8 =+ 9.6 0.017*
CRE (mg/dI) 08 * 03 06 =+ 0.2 0.003*
AST (IU/L) 206 =+ 9.0 235 + 17.1 0.255
ALT (IU/L) 124 = 113 136 = 7.0 0.082
Glc (mg/dI) 1094 =+ 384 1240 =+ 550 0.209
HbAlc (%) 54 * 05 54 * 06 0.947
y GTP (IU/L) 195 =+ 8.0 225 =+ 16.7 0.861
Na (mEg/L) 1389 + 47 1337 + 256 0.840
K (mEg/L) 39 + 06 39 + 05 0.822
Cl (mEg/L) 1014 =+ 4.8 100.6 =+ 5.8 0.674

BMI: body mass index

WBC: white blood cell, RBC: red blood cell, Hgb: hemoglobin, Hct: hematocrit, MCV: mean corpuscular
volume, MCH: mean corpuscular hemoglobin, MCHC: mean corpuscular hemoglobin concentration, PLT:
platelet, TG: triglyceride, HDL-CHO: high—density lipoprotein cholesterol, LDL-CHO: low—density
lipoprotein cholesterol, Alb: albumin, BUN: blood urea nitrogen, CRE: creatine, AST: aspartate
aminotransferase, ALT: alanine aminotransferase, Glc: glucose, HbAlc: hemoglobin Alc, y GTP: y -
glutamyl transpeptidase, Na: sodium, K: potassium, Cl: chloride

Based on the frequency distribution for all participants’ thiamin concentration, we divided the data into 2
groups, those lower than 20 ng/ml as a deficiency group (n=42) and those higher than 21 ng/ml as a non—
deficiency group (n=32).

* p<0.05 ** p<0.01 k% p<<0.001

Probability was calculated by the non—parametric method Mann—Whitney U test.
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M ZHZE BN

1. HH
TCETOMETCHBREEAx LR ERES X O S IKIEH

Ktz b eic, ZEEMTIE (ZEYXT 4 v 7 RERDIHN) %
B

Mot Iy BiRERBICEELZLAEIITHEEREZBRF L2,
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2. i

2-1. EEFEBLOCHRAEHM

2008 £ 25 2010 F b, —FAE L LT, NKPEHEE
BEMWMAE 18~20 D > bRE O/ LN TF 476 4 (FH M 54 4 |
421 &), EEHHTBEOFAT AU —RFE LT, A K%, C
KF,. M RKZEBEAFTREFE 18~22 D 5> bHEOH L N 7=
172 4 (B 684 . LM 1044 ). BRLUOEMT#EESERE & L TH
B EEEANIEHE N AFH 66~1056 D H> bREZOH DL it 74
4 (B 144, wMHeosn), Ubhe 7214 (HME 1364, ki
585 4 ) xR ELL, HEHREOFEHERE B L O AETERIIX
T RFAICBTLIEAMKBLEY Iy Bi REXERELZOER
CHET A (F 2 ), KFEATAY —FBFr2amnikes
IVBIREXRERBLZOERICHET LI (F 3%), Eh#
M EICB T2 23y Bir RZEFERRICET 2% (F 4
H) LEALENURLZEY TH D,

2-2. WENEBIUOKIHFEHOMAN

ERGEOREMLBE XY I BriRERXKERBIMNX, £H A0
BRiofGoner —42n2rb, 2xdfFIcE@mEL, 2o ¥ I B
KERE~OEBENZZO0NLIRFLELT, IBZ A7 (HER
Pl ENERE) . MR BMI (K. KE I HEH). WiEAELE
mAMED > bARMmEE (RBC), 7 v7 I ¥ (Alb) zHiH L., H
BEEMHF 2T, 20K, AEKE 10 KMOHEHBIZTHO>WTEE
RYAT 4y ZERSN EEM L. 5% KN OF E KK TR E
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KzZzRKHT, mMatBEB I XM 2 7 b SPSS ver 15.0 J for

Windows # fif H L 7=,

2-3. MAERMMN (univariate analysis)

ZER VAT 4y 7T EITI DI, ERFITHONTO
P L2 vwWA v X (crude odds ratio) & T OfFHE KM % 3 &
T, COMBLALAVHE T, R XLHERpOBHEL 1 LK
TEWCHAR, poR Ay X log(p/ (1 =-p))T oW TR
BN XETFTDlog(p/ (1 -p))=a+p1-XOua AT 4 v
2 F% TN ENED (o, B1IIMHFREK), HEEMT 2T 2. — &
DA BEKE(CRKTFZE TIEABEAKRKE 10% K1) 2 G 7ZHHA I W T,
SEEMNT (Z2E0 Y X7 4y 7 EBDH) 2175 O N — KW T

H % (96),

2-4. 2BEBu Y AT 4 v 7 BRSH (multiple logistic regression
analysis)

LZEOU VAT 4y 7 RROSNMEISEREMTO —EThHb, 20
FEEFREOZ Z I 0 5 THIB S KRB R MERE IS T
LakR—F@A (97) BV THWSL L, 1960 F I AETEEHE
WORKFER R 2o T2 FELLTAEAENL, 20 FEFTE
R, AW R LLoAREETHEAS A I TS (98,
99),

HRYAT 4y ZEBETAIL, DOIBRERREET LZME P X H
MZERE L, ZORGOMBREHN T 5 EKBEX = ( X1, Xe, ...,

Xn )t oM oBEEN, Fig.6 on Y 27 4 v 7 Ik THRD
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SnhdrETHrETALTHDS (98, 100),

HRYAT 4y 7B ERDTMBIT, Fig. TR T ER OB
Thd, P(2)iIT 0L 1OMOME (0% 205 100% O H O ) % &
HZ EzwmaprLTW5D,

RYAT 4y ZEESEIF. BBRORFELHRALLOME Xi
WHLENZR>TWLZ T =2 LT, 2ok, ¥Thbbal
HFBL 2RO DL L TH D, WA ORI ITITE BB IEZF
ML (101), T b 0ffEH e, Bi1 ODWRECEIREEEZFMMHET D
ZEn% v (98, 102),

RYRAT 4y ZREIBSN AT A E LTI, B, RED
BB E L TMY R Y R 7R 2R TE ., EENSRLDHEK
DERZHHALH L L TRV AALZRERTET L2 THD, T DL
T, MBEEMEREL T TR, AT IVHABLRYVEL Y 2 &N T
DhH, B oW, BEREA Yy X THRLY A7 LOBMKNEEMNIZ
I SR LTS, MELEETADRLEL TCWNDEDET
WOMENRNWZ ER BT bND, Mx T, ity — i H i
FHEBEMERHE Tt s, L THREZEIC, 06 1 £ ToH
e Licfizx &2 Pla)a, BERLARFT ZENTEX DD, iR
OFHPIZHELTWDHZETHDL (103),

AWk, U bhicd_REZ2FMEZ4A2 L, B4 I Br BE%

/]

N

ERBCEEEZMEIITRFEZ2RT T 22D, X% I B g
BWT 30ng/ml L FOHFZ [ RZHE ), 30ng/ml LL EoF % [ 3
RZHE] O 2 EZEMERICRAL, BET L2 ERNEMERT 5
W TETEg s 4 7, TR, TBMIJ, TR, T7 L7 32 )
A HAEBRICKERAL, BEEBERIT 21T o 7% . A B KE 10% Kl
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ZAECEAICBW T, BHEIKERAEBEICLSZZEe VAT 4 v 7 EHIE
ST EITWVW . ER® FIZOoWVWTORHRE INZA v Xt (odds ratio)

EXTOEHEEKBBIUOAERRZzENL L,
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3. MR

3-1. FBHERFOHBIEEAE

ZMmfHEe s Iy BiBEICE VYT 30ng/mlBl FOHFZIKZE,
30ng/ml YA Lo F & TEXRZHE] L LTI Y A 710 TR,
BMIJ, IR ek, T7 07 v @B W CHET S ER %
RT 2720, F#HBICE T S HBLMEE %L Table 12 (277 L 72,
ZTORB, RZHIT 2064, FRZHIT 164 THY (—H X
HEH L, TBMI) N=549, [ 77 v ] N=706), i@ % A
T REBWT, FATRAY — MIFERZHEDIL2EKD 17.4%I12 % L
RZHEND 40.0%. B X OCENE B A IZHERZED 2.56%I2 8 L X

ZHED 29.8%ERZRNmWVWIEZ R L T2,

3-2. YEAIVBIRZOBERFIZEBITDIHEHEERBMIT
ZEBMNT (ZEr AT 0y Z7EBFEHHT) 2175 1CHT0
FHRTFIZOWVWTOHFHELR WA v X (crude odds ratio) & %
DEHEXMBEEZHE LEZ, ¥4I BiiEE I XRZH . TIEXRZ R
FHMEHICEAL BMETLIERE2ER T LD B Y A7),
CoERl . TBMIJ, TARMERE ). 77 2 v ZF B EHICHEA
L CHLEEMMIT 2T o2k B % Table 13 12" L7, T DR A
BA A7 TR, TR, 747 2] o 4HAIZEW

THEKYE 10% Rl 2= Lk,
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3-3. Y24 IVBIRZOHERTFIIEBITS>ZEEMIT

B IV BIIRE TRZH)IERZH] ZHOERITE AL,
ME T 2 EHERNLMER T DD TEE A7, HERH I, TBMI), [
MEEI. 77 I ZaWAERICEAL THERMNT LT -
R ER LA TR AT TR, TARMERE), 7
NT I ODEBIZBWTHEAKRE 10% KR EZ R LE, Lho
T. b0 4BHHBzZzHaAELRICEAL, TRMLEKREKE] LT ITT
LTI LT EEEKE L CHRABRALBICEDSISZER Y
2T 4 v 7 By 21T o 2 # R & Table 14 IZ R L 72,
ZORE, I VBIXRZEHETIRFICBWT, THHE X
4 7] T MmFEEEEELL T, ZFET AV - META Y XK
9.736 (95% 5 X [# 6.195- 15.300), Eh# & &1 4 v X Ik
42.304 (95% 5 #H X M 21.015 - 85.160) & W h & E 2 % R
L7 (p <0.001), Mx T, Ml TIEBMHEEEREL L, &
v A 3.770 (95% {5 #H X [#] 1.926 - 7.382) LA E 2 fH &2 &~ L 7=
(p < 0.001), &bz 77> Tk, % 1.0g/dl EH TP
WTH v Xt 6.575 (95% & X [l 2.707 - 15.968) & A & 2 &
Za Ll (p <0.001), KBS oET VHBIMF RIT 82.7%T H

> 77
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4. B8

EX Iy BiiE AN ERED 30mg (HEFHLEREOKH 30 A
) T RBREIEPESRZEZEI LT W (CEEH 9~
18 ) (84), WHEMERZOMMERICE T K, #RK., RR, &
MAIR., ER., BRRLEOREEKFLAREOLNLDLIND, THb DIE
Wik Bi RZEICR 72 b DO TiE WD, BAEMERZREDR
Rz THRETHYY . 2OoBHRANETTFHOO N ToORELHEN
2B bns, L2rLR2ns, EERRZICHKD2 EBMARLY =
=y TNAE &V o TR MR M REE 25 X R 92 L A
b TkEh, RZREZTH T 22 LEMOTEETHD & VR
%5 (11, 12, 104—107),

Rzl EEZTIVAZHRIEIHEL THY, #HE VLY LERED
TOERBAEEZMD L LT, MECKERLEZKRE, HE R OB
BEXOREROBR R EORE, BALARE., RINAR., FTHARLE
WEFoND (34), —H T, WREREOHMNMZFE R T 2K 712
Lk Ax B RZHFERNERFOHRESLZ I ADbNA DL (108), Fig.8 &,
INFTHEINTELEXYI Yy BiRZEFHRT LRI
KMEORRENOHBLEHLLREBERNFOEKEZRLEZLDTH
2

RFETIE, EETIToRAEREELZ D LI, BERMIT O &
TIEHMEE 22O ZKERFEZMOVEBRE, o7 — % 2K %E Y
BICEMN L, LV ENCHERRIATN TELIZLER AT 4

R

JEmaNEAT D Z LI Lo TEX I Bl XKZ & o %

=1
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ZTORE, EZ2I L BIRZEEETLIRFICBWT, TR %
A7 kBT, —lkFAEETEREL LT, FETZXY — B IV
BHEEBETIL B RZOBERER G W L2 A4y AT RLT
W, FlL M B WWTELEEDOY 7R EWI & E R L
Tk 773 i35 1.0g/dl EHE BT, RZ U 27N
) | I R BN/ NPT /- VI ol

Fig.8 R THY ., THLETIETEHMARKEBIZE T 5 KEEI
BEOMRTFTRL, MIBEHAME IR, BRESEEET R 20 8 F R
Lo E, T NVEKGFREREOERMNESY IV Br RZ %5
BT HHRTFELTETFLRLTWER (109—113), KB % 0 i %
FVEMERETHLD L, BHEHICMLY ML —=v 7 %17
STWLH ETHUMINDEZT AU — "B, HRLICHERTF LD ATEEDN
s I, Flo, BT EMHEEEBELTRIZEFENL O RE
FERER DN R, YAy PERM, REODEEZIZLD
X IyBIRZOBERENEZEEZLDONLD (20—22), Iz T, & v

JERBREBICEBNT, BEXBIZXLDI2EXIY BiRXRZDOU A
7 EOBEIFIE W ERRB I N,

T OMl, HIAERKE 2L EEEOMESCHARER., FERKRNR
KL FEMPEBEER, AFERERLOE KK FI3K L~ T
HH (11, 108), A% b O0HEHAEMMLGHLLNE X I B XZ
JED LD X FEB THAEL TWLS ZERMLELRD,

[

/71

¥ Bi RZIEDOERITIZE THY, ~EEELXRZIRE
s tHmBERNETLY THRARE B WD S (108), R L Tl

/]

ED0b DT ARVWEX I BiRZEN, EEBICBW I

TAHZEEF MR THAY, AmEARBCEEHRERL., RHBED
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B 6E K

AR, BRoO@ESESRNNE ETHICOoN T, ¥4I vicxd 2R
WA EDLY, BEOHE - HMECBTLITOEEENHER SN
2o bbH, —FH, EEBELEEHIZEWTEEXY I VURZENRS B
REhhttaMEL o Tk, MAOHEREEbHLTWVWD bR HE
CEWTHABAZEEESL, R - FAADEOR TR LEICED
HFHEBBLEEBE T, WS OPDOE X I VOERKEHRERZO—HF
ATOBERN R RZKRED AN X TV 5D,

EXIVERBIUOREFOEMBME L NZ D2 E X I Biid 1911
FICHMARBEEMICEIDIMA T O ER LI, £ 0H %K
SR KD HIZ3 L C oryzanin M4 L2 LI XA E D
MW, X I URZEOMBEIXTZENLREI D EEL TV,

HIEHR, BEEETOHLIBAFREIPMXOERICO LD, E
FIVICHETAERNBRER ZODT L, TOEELHH . YO
KEFZEIBALERITIREBZD AR T ED L) KEENME
Thb, YL LEEXYI Y Bi ARICLED2HR D T %= &8
L CTwi,

RE#UKE, 421y BizagEruniEkShlcpg X E kT
HLHrlbilz, BEBEZFFDICEGRPoTTZD ., WK ORK DN
EShit#bZ<oBFLECHELHL, BRI /BEZHLLL S K
ERW®EEFbNDETER- T,

Z oK., 1950 EFRBFICHRBER LEICKL D2 I B flA
prosultiamine (alinamin)® B E Z#H 12, "> TOERRKH & I

T&E7e Iy Bi RZIZE-oThHIEEZISNDMARIT. BHFRK
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AbhZ20nHEK &> Tk, LML, 1973 F L%, ¥ H K Z i
DICHEFEZFIC TTRICEEZMHE ZREMRE] DR L, B
RoOBRPEELBEH I LD, K OBRTH D & NHAES L,
Z2FEMrOBROERIMF SN, YHoBFITEFEBITE .

15~20@ D AR =Y EBENEZ Lo LEWVWI, TOHK., I T
LZHMEAEFEROBELRDRESLE X I Br iMook ko HER R EH
DFIEH R, WKROBREIFTRERIIHD LED, 2T ZHFEORE
T, A4y bEMR, RE,NNERLEOEBIZLDL, HEHFOL
Iy BiARDPBHBOERIIL,

AWz Tl REBEMME LTOLFRFEOo2LHBEX I B
REODEEBMALZITO> 2 LT, IRICBTDLIRZRKE O EE %
BL., KRR, AFEERRR., EEEFEELOMDY 2R L
2o 18~20 W ® 418 H O L F+ RFEA 3 i, FERME., &0

=i
N

RE X Iy Bi a2 mikMmAE., RMBENLEOXEREHEREHN
., BEEFELSEXY I Y Bi BT L2777 — Ml&EEZIT - KR
T, 2By Iy BiBEOSAMITIEIEFIEEBENCTCHY | »
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{Original Article)

A study of the distribution range of total thiamine concentration
in the blood of university students

Yuuki Ito*, Katsumi Yamanaka*, Hisashi Susaki*
Motoji Kitagawa™, Akira Tamura® and Akihiro Igata*

Abstract

Background: Currently, it can be said that there have been striking changes in daily living circumstances and
there are also imbalances in dietary patterns like satiation etc and this in turn causes nutritional imbalance.
Therefore, this time we paid attention to thiamine (vitamin B,) deficiency—previously a Japanese national
affliction. And we conducted an accurate condition survey of total thiamine concentration in the blood of
University Students as a means of nutritional assessment.

Method: The subjects were 328 N University School of Nutritional Sciences first year students aged 18-20 (39
males, 289 females). We conducted the following tests; —anthropometric measurement, blood examination
including total thiamine levels and a survey using interview sheets relating to diet and thiamine.

Results: The average + standard deviation of total thiamine concentration in the blood was 42.8+9.5 ng/ml
for males and 39.7+10.2 ng/ml for females and they were nearly within the standard value 21.3~81.9 ng/
ml and there was almost a normal distribution. From this result, the number of individuals who had a lower
concentration level of total thiamine concentration in the blood than the standard value was 5, all of whom
were female. For each anthropometric measurement and blood examination value, the BMI for two out of five
people was 18.4, and 17.1 (deemed as lean type) and three out of five people’s bone density was 82%, 80%
and 80% respectively which is lower than the average value for the same age generation.

Conclusion: The value of total thiamine concentration in the blood was almost in normal distribution. The
number of people who had a lower than the standard value of total thiamine concentration was 5, approximately

1.5% of 328 university students. Others were within the standard value.

Key words: thiamine (vitamin B,), university students, blood examination, nutritional status

) tive medicine has become a topic of discussion.
introduction

On the other hand, the interest towards avita-

In recent years, in the middle of a health faddism,
there has been increasing interest towards the use
of medical examinations and early discovery of ill-
ness as a form of secondary prevention. In addition,
preliminary prevention such as the improvement of
nutrition and lifestyle habits has also gained much
attention and the importance of so-called preventa-

minosis is decreasing, due to the current belief that
vitamin deficiency has become a problem of the
past. However, in fact, it can be said that there have
been striking changes in daily living circumstances
and also in imbalances in dietary patterns e.g. satia-
tion etc. There has also been a prevalence of using

processed food, pre-cooked food and dietary supple-

* School of Nutritional Sciences, Nagoya University of Arts and Sciences
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ments etc and this causes nutritional imbalance. As
a result, so-called unidentified clinical syndromes
like fatigue, feeling of general malaise, decrease in
immunity etc have increased and it has been reported
that there is potential avitaminosis .

Between 1973 and 1976, thiamine deficiency dis-
eases frequently occurred throughout Japan, there
were many young people among patients at that
time, especially a lot of sports players aged 15-20.
There was speculation on the background reasons
behind this such as, these individuals had discontin-
ued thiamine enriched white rice, young people were
drinking a lot of soft drinks containing a lot of glu-
cides, and the young were encouraged to participate
in more sporting activities . After this period, due to
a familiarization of nutritional knowledge combined
_ with an introduction of multi vitamin tablets, the oc-
currence of thiamine deficiency diseases decreased
and it seemed these were temporarily eradicated.

However, in the last few years, reports have shown
an indication that the lack of thiamine in female
university students has been influenced by diet ori-
entation, missing meals and eating out etc ¥. It can
be said that avitaminosis is making a revival.

In this investigation we paid attention to thiamine
deficiency—previously a national affliction in Japan.
And our purpose was to conduct an accurate condi-
tion survey of the total thiamine concentration in
the blood among students attending the university
students as a means of nutritional assessment. From
this we could acknowledge the accurate conditions
of the current potential deficiency conditions ‘and
considered the relationship between food intake
conditions, lifestyle habits and physical status etc,
we could gain basic data concerning future healthy

dietary habits.

Subjects and method

In July 2008 and 2009 on two occasions, subjects
from N University School of Nutritional Sciences
who were first year students aged 18-20. The num-
ber of subjects was 328 (39 males, 289 females) all
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of whom agreed to take part in our research. We
explained the research content in written form and
received certificates of informed consent. This inves-
tigation had the approval of the Nagoya University
of Arts and Sciences ethics committee.

As an investigation, for anthropometric measure-
ment, we measured height, weight, BMI, body fat
percentage, bone density, and blood pressure. For
height, weight, body fat percentage, we used Tanita
Corporation’s TBF-210 and for bone density we
used Aloka Corporation’s ultrasonic bone evaluator
ALOKA AOS-100, and we estimated each using an
ultrasonic wave method.

For blood examination, the following were tested;
—thiamine, white blood cells, red blood cells, he-
moglobin, hermatocrit, MCV, MCH, MCHC, blood
platelet count, triglycerides (neutral fat), total cho-
lesterol, HDL cholesterol, LDL cholesterol, total
whole protein, albumin, urea nitrogen, uric acid,
creatinine, iron, AST, ALT, LDH, ALP, amylase,
blood sugar, HbAlc (glycohemoglobin), YGTP and
adiponectin. In order to conduct the total thiamine
concentration in the blood, we used the HPLC
method (high-performance liquid chromatography)
and we outsourced to BML.INC.

For the questionnaire survey concerning diet and
thiamine, we conducted it by using interview sheets,
which were completed by the respondents.

We used the statistical analyzing software SPSS
ver15.0J for Windows for statistical analysis. In or-
der to examine the difference in average value we
utilized the non-parametric method Mann-Whitney
U test and we assigned p<0.05 as the significant

difference.

Results

Fig. 1 shows the frequency distribution for male
university students’ total thiamine concentration in
the blood. For 39 subjects the average + standard
deviation was 42.8+9.5 ng/ml. All subjects were
within the standard value of 21.3~81.9 ng/ml and
the distribution was almost normal.
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Fig. 1 Histogram of the blood total thiamine level in male students
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Fig. 2 Histogram of the blood total thiamine level in female students
Table 1 Profiles of subjects for total thiamine in blood (low reference values)
A B C D E
Thiamine (ng/ml) 11.4 16.6 19.9 20.8 21.3
Gender female female female female female
Age 19 19 19 19 19
Height (cm) 149.1 154.7 159.5 155.4 152.0
Weight (kg) 40.9 56.1 47.4 41.4 48.7
BMI (kg/m?) 18.4 234 18.6 17.1 21.1
%Fat (%) 19.7 31.7 21.7 16.6 27.6
BMD (YAM%) 99 82 95 80 80
SBP (mmHg) 82 93 96 86 118
DBP (mmHg) 58 59 66 59 65

BMI: body mass index, %Fat: percent body fat, BMD:
sure, DBP: diastolic blood pressure

On the other hand Fig. 2 shows the frequency
distribution for female university students’ total thia-
mine concentration in the blood. For 289 subjects
the average + standard deviation was 39.7+10.2 ng/
ml. Within this group 283 were within the standard
value and 6 were outside the standard value. The
distribution was almost normal, the same as males.

For females, there were 5 subjects whose total
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bone mineral density, SBP: systolic blood pres-

thiamine concentration in the blood was lower than
the standard value. We named these 5 subjects A~E
and Table 1-2 shows each of their anthropometric
measurements and blood examination values. From
the results, we can see that for two out of 5 people’s
BMI was 18.4 and 17.1 (deemed as lean type) and
three out of 5 people’s bone density was 82%, 80%
and 80% respectively which is lower than the aver-




Table 2 Hematological parameters of subjects for total thiamine in blood (low reference value)

A B C D E
WBC (/mm®) 5450 3370 5470 5200 8990
RBC (10%mm®) 406 402 460 430 572
Hgb (g/dl) 12.3 12.3 14.1 11.4 13.0
Het (%) 38.8 37.6 42.9 36.0 41.0
MCV (fl) 96 94 93 84 72
MCH (pg) 30.3 30.6 30.7 26.5 22.7
MCHC (%) 317 32.7 32.9 317 31.7
PLT (10%mm?) 20.7 18.1 244 29.1 22.1
TG (mg/dl) 84 47 65 37 44
T-CHO (mg/dl) 158 193 202 143 150
HDL-CHO (mg/dl) 73 93 76 60 71
LDL-CHO (mg/dl) 77 80 118 78 70
TP (g/dl) 75 7 72 6.7 7.7
Alb (g/dl) 4.9 45 48 42 4.7
BUN (mg/dl) 20.0 10.5 10.0 10.6 10.6
UA (mg/dl) 43 3.9 4.0 4.8 5.6
CRE (mg/dl) 0.5 0.6 0.7 0.6 0.8
ST (ug/dl) 52 111 66 37 112
AST (TU/L) 20 16 16 20 19
ALT (TU/L) 17 10 13 7 10
LDH (IU/L) 225 162 158 139 176
ALP (IU/L) 197 235 161 206 247
AMY (IU/L) 96 107 118 58 91
Gle (mg/dl) 94 84 95 90 94
HbAlc (%) 5.6 4.8 5 5.2 53
yGTP (TU/L) 17 14 20 8 17
Adi (ug/mL) 17.0 14.6 13.3 17.8 11.4

WBC: white blood cell, RBC: red blood cell, Hgb: hemoglobin, Het: hematocrit, MCV: mean corpus-
cular volnme, MCH: mean corpuscular hemoglobin, MCHC: mean corpuscular hemoglobin concentra-
tion, PLT: platelet, TG: triglyceride, T-CHO: total cholesterol, HDL-CHO: high-density lipoprotein
cholesterol, LDL-CHO: low-density lipoprotein cholesterol, TP: total protein, Alb: albumin, BUN:
blood urea nitrogen, UA: uric acid, CRE: creatine, SI: serum iron, AST: aspartate aminotransferase,
ALT: alanine aminotransferase, LDH: lactate dehydrogenase, ALP: alkaline phosphatase, AMY: amy-
lase, Gle: glucose, HbAlc: hemoglobin Alc, yGTP: y-glutamyl transpeptidase, Adi: adiponectin

Table 3 Mean of profiles in low and normal thiamine level

Mean+SD
Low thiamine level Normal thiamine level ~ Significant probability
(n=5) (n=284)

Thiamine (ng/ml) 18.0 + 4.1 40.1 £9.9 0.000%**
Height (cm) 154.1 + 3.9 1583 =54 0.079
Weight (kg) 46.9 £ 6.2 50.7 £ 6.9 0.221
BMI (kg/m?) 197 £ 25 20.2 2.3 0.567
%Fat (%) 235 +6.1 245 £93 0.687
BMD (YAM%) 87.2 9.1 96.1 = 10.3 0.061
SBP (mmHg) 95+ 14 107 + 11 0.032*
DBP (mmHg) 61 =4 66 = 8 0.104

BMI: body mass index, %Fat: percent body fat, BMD: bone mineral density, SBP: systolic blood pres-

sure, DBP: diastolic blood pressure
* p<0.05 **+* p<0.001

The non-parametric method Mann-Whitney U test
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Table 4 Mean of hematological parameters in low and normal thiamine level

Mean+SD
Low thiamine level Normal thiamine level ~ Significant probability
(n=5) (n=284)
WBC (/mm®) 5696 + 2038 6179 + 1429 0.415
RBC (10%mm®) 454 + 70 453 + 30 0.372
Hgb (g/dl) 12.6 + 1.0 133 % 1.1 0.084
Hct (%) 393 + 27 40.8 + 2.8 0.177
MCV (fl) 87.8 + 10.0 90.3 = 5.1 0.922
MCH (pg) 28.2 + 35 295 + 2.2 0.597
MCHC (%) 321 £ 0.6 327 = 1.1 0.085
PLT (10%mm?) 229 + 4.2 235 % 5.2 0.744
TG (mg/dl) 554 = 19.0 71.3 + 36.5 0.300
T-CHO (mg/dl) 169.2 = 26.6 174.8 + 30.5 0.666
HDL-CHO (mg/dI) 746 + 119 65.0 = 11.9 0.081
LDL-CHO (mg/dl) 84.6 £ 19.0 99.7 + 26.7 0.110
TP (g/dl) 72 = 04 7.5 £ 0.3 0.128
Alb (g/dl) 46 = 0.3 46 = 0.2 0.838
BUN (mg/dl) 123 + 4.3 120 = 2.7 0.690
UA (mg/dl) 45 + 0.7 43 + 0.8 0.543
CRE (mg/dl) 0.6 = 0.1 0.6 + 0.1 0.942
ST (ug/dl) 75.6 * 343 90.9 = 392 0.398
AST (IU/L) 182 = 2.0 17.0 £ 3.7 0.157
ALT (TU/L) 11.4 = 3.8 122 + 6.4 0.948
LDH (IU/L) 172.0 = 324 173.3 = 244 0.697
ALP (IU/L) 2092 + 33.8 196.9 = 50.7 0.367
AMY (TU/L) 94.0 = 22.7 822 = 242 0.185
Gle (mg/dl) 914 % 4.6 86.7 = 74 0.055
HbAlc (%) 52 03 51 %02 0.368
yGTP (TU/L) 152 + 45 154 = 42 0.635
Adi (ug/mL) 14.8 + 2.6 11.1 = 44 0.026*

WBC: white blood cell, RBC: red blood cell, Hgb: hemoglobin, Hct: hematocrit, MCV: mean corpus-
cular volume, MCH: mean corpuscular hemoglobin, MCHC: mean corpuscular hemoglobin concentra-
tion, PLT: platelet, TG: triglyceride, T-CHO: total cholesterol, HDL.-CHO: high-density lipoprotein
cholesterol, LDL-CHO: low-density lipoprotein cholesterol, TP: total protein, Alb: albumin, BUN:
blood urea nitrogen, UA: uric acid, CRE: creatine, SI: serum iron, AST: aspartate aminotransferase,
ALT: alanine aminotransferase, LDH: lactate dehydrogenase, ALP: alkaline phosphatase, AMY: amy-
lase, Gle: glucose, HbAlc: hemoglobin Alc, yGTP: y-glutamyl transpeptidase, Adi: adiponectin

* p<0.05

The non-parametric method Mann-Whitney U test

age value (100%) for the same age generation. As a
reference, from the remaining 284 female subjects
there were 65 subjects (approximately 23% of the
fotal) with a BMI of below 18.5. There were 77
subjects with a bone density measurement of below
80% and 89% (approximately 27% of the total).

In addition, Table 3-4 shows the average #+ stan-
dard deviation. One table was for 5 subjects whose
total thiamine concentration in the blood was lower
than the standard value and the other table was for
the remaining 284 female subjects. Results showed
that the average value for systolic blood pressure of
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the 5 subjects, who were below the standard value,
was significantly lower than the other female sub-

jects.

Discussion

Currently, a number of inspection institutes have
agreed that the standard value for the lower limit of
total thiamine concentration in the blood is under
20 ng/ml, therefore in clinical settings it is rare to
diagnose thiamine deficiency. In this investigjation,
results showed that the number of people who had a




lower standard vatue for total thiamine concentration
in the blood was 5 which was approximately 1.5%
of the total for both males and females. However,
conversely, various literature has reported that there
are people who show symptoms of deficiency dis-
eases despite their total thiamine concentration in
the blood being within the standard value. Due to
this, there are some who feel that the standard value
lower limit is 30 ng/ml P . As a reference, in this
Investigation the number of those lower than 30 ng/
ml was 47 out of 328 males and females which is as
much as approximately 14% of the total. From this
it is difficult to deny that the potential of thiamine
deficiency remains.

In addition, we showed each anthropometric mea-
surement and blood examination values of 5 females
whose total thiamine concentration in the blood was
lower than the standard value 21.3 ng/ml. Results
showed there were people who showed low values
for BMI and bone density, it could be suggested that
there is the possibility that accompanying low values
for thiamine concentration in the blood cause low
nutrient condition.

As well as this, in the questionnaire surveys con-
cerning diet and thiamine responses showed that all
five had no habit to intake unpolished (whole) rice
or brown rice for regular meals. Generally, particu-
lar good sources supplying thiamine are unpolished
rice, brown rice and pork etc . In this investigation,
we indicate that people who have no habit to intake
unpolished rice or brown rice for their everyday
meals may have the possibility of lower levels of
thiamine concentration.

Conversely, we compared the average values of
5 subjects whose total thiamine concentration in
the blood were lower than the standard value and
the remaining 284 female subjects. Results showed
that, the average value for systolic blood pressure
of the 5 subjects (below the standard value) was
significantly lower than the other female subjects.
However, we were unable to see any significant fea-
ture common in the subjects which could lead to a

lack of thiamine. We need to continuously review the
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relationship between thiamine, physical condition
and lifestyle habits.

From now, it is important to know the relation-
ship between various causes and thiamine nutritional
status. For instance the influence of carrying out
exercise on thiamine is an issue worth watching.
Thiamine mainly works as a co-enzyme of a carbo-
hydrate metabolic enzyme and a deficiency brings
subjective symptoms like whole body feeling of
malaise, fatigue, palpitation and shortness of breath
etc, so it is an important nutrient for maintaining
bodily functions. It has been said that when we
exercise, energetic metabolism becomes active and
this increases the necessary quantity of thiamine and
if there are inadequate levels of thiamine for the
consumption of glucose, there can be no smooth
metabolism from pyruvic acid to acetyl-CoA. The
increased production of lactic acid from pyruvic acid
leads to an accumulation of lactic acid which causes
fatigue @79,

Currently, the necessary amount of thiamine can
be determined as a standard of energy/1000kcal ®.
When we exercise it is often recommended that we
redeem an increased amount of energy intake by
consuming meals which are well balanced including
increasing both staple and side dishes > however,
experimental data supporting this argument is ex-
tremely low.

Conversely, in recent years, the most crucial as-
signment has been preserving elderly people’s health
in our upcoming ageing society in Japan. Elderly
people’s lifestyles are extremely varied; there are
healthy old people, but also many old people with
some type of disease. It has been reported that
among elderly people with thiamine deficiency
diseases, there were many who had the following
type of health problems previously. These include,
over-consumption of alcohol (polyposia) and bad
nutrition, diabetes and gastrectomy etc '@ .

In addition, there has been the problem of elderly
people lacking nutritional intake like vitamins. For
example, it has been reported that for long term

hospitalized elderly people the intake amount of
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thiamine was extremely low, and at the same time,
nutritional conditions of thiamine in the blood were
extremely bad'?. The cause of this is that the amount
of elderly people’s food intake is low as in when
they fail to finish hospital meals etc and this report
says that we need to reconsider the nutritional care
for elderly hospitalized patients.

As a countermeasure for elderly people’s health
especially lifestyle diseases, we should emphasize
prevention rather than care. Among the various types
of prevention, preliminary prevention which is dis-
sociated from its cause is most effective. And it has
been considered that diet has the highest impact on
preliminary prevention. Therefore, having an ad-
equate intake of minor components like vitamins
etc has become an essential condition to prevent
elderly people’s vitamin deficiency and helps in the
preservation of health.

From this, as of now, it is necessary to investigate
exercise or elderly people’s lack of nutritional intake
etc. We hope that the consideration of general uni-
versity students’ nutritional conditions of thiamine

in this paper will be future basic data.
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In the last few years, reports have shown an indication that the lack of thiamin(Vitamin B,)
in female university students has been influenced by diet orientation, missing meals and
eating out etc. In this study, we conducted an accurate condition survey of the total thiamin
concentration in the blood among female university students as a means of nutritional
assessment and through this we can acknowledge the accurate conditions of the current
deficiency conditions and consider the relationship between these deficiency conditions and
physical status, food intake conditions and lifestyle habits etc. The participants were 418
female university students aged between 18-20 years old. We conducted the following tests ;
anthropometric measurement, a blood examination including total thiamin levels, an
investigation into the quantity of food intake according to food group and the quantity of
nutritional intake and a survey relating to diet and thiamin. Results showed the average +
standard deviation of total thiamin concentration in the blood was 40.3+9.5 ng/ml and there
was almost a normal distribution. The number of individuals who had a lower concentration
level of thiamin than 30ng/ml was 58 (approximately 14% of the total). According to the
relationship to resident status, the percentage of those living on their own was significantly
high among the individuals who had a low level of thiamin concentration. For all of these
reasons, it can be surmised that latent thiamin deficiency exists among female university
students.

Keywords: female university students, thiamin(vitamin B,), latent deficiency, blood examination,
nutritional state

[School Health Vol.7, 55-61, 2011]

1. Introduction

For ethnic groups whose staple food is rice, as
is the case with Japanese people, there has been a
long history of beriberi, a thiamin deficiency disease
(Barbara et al, 2006).

In recent years, the interest towards avitaminosis
has been very low, due to the current belief that
the nation’s nutritional status has improved and
that vitamin deficiency has become a problem of
the past. However, in actual fact, it can be said
that there have been striking changes in daily life
circumstances and habits, also in diet patterns and
diet imbalances e.g. satiation etc. There has also been
a prevalence of using processed and pre-cooked food
and dietary supplements etc. and these are known to

School Health Vol.7, 55-61, 2011
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cause nutritional imbalances. As a result, so called
unidentified clinical syndromes such as fatigue,
feeling of general malaise, a decrease in immunity
etc. have increased and it has been reported that there
is latent avitaminosis (Takeda et al, 2004).

In the last few years in particular, reports have
shown an indication that the lack of thiamin in female
university students is influenced by diet orientation,
missing meals and eating out etc. (Hiraoka et al.,
1998; Ito et al., 2010) and and it can be said that
avitaminosis is experiencing a revival.

In this study, we paid attention to thiamin
deficiency previously a national affliction in Japan
and conducted an accurate condition survey of the
total thiamin concentration in the blood among
female university students as a means of nutritional
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assessment. From this, we could acknowledge the
accurate conditions of the current latent deficiency
conditions and consider the relationship between
these deficiency conditions and physical status, food
intake conditions, lifestyle habits etc. and we will
report this here.

2. Methods
2.1. Participants

In this study, participants were female students
from N University School of Nutritional Sciences
who were aged between 18-20 years old. The number
of participants was 418.

2.2. Investigation period

Collecting blood and questionnaire survey were
executed from 2008 to 2010 the investigation periods
in July every year.

2.3. Anthropometric measurement

As an investigation, for anthropometric
measurement, we measured height, weight, BMI,
body fat percentage, bone density, and blood
pressure. For height, weight, body fat percentage,
we used Tanita Corporation’s TBF-210 and for bone
density we used Aloka Corporation’s ultrasonic bone
evaluator ALOKA AOS-100, and we estimated each
using an ultrasonic wave method.

2.4. Blood examination

For blood examination, the following were tested;
total thiamin concentration in the blood, WBC, RBC,
Hb, Het, MCV, MCH, MCHC, PLT, TG, T-CHO,
HDL-CHO, LDL-CHO, TP, Alb, BUN, UA, CRE, SI,
AST, ALT, LDH, ALP, AMY Glc, HbAlc, and yGTP.

In order to carry out the test for thiamin
concentration, we outsourced to this to BML. INC
(Tokyo). The postcolumn fluorometric detection
HPLC (high-performance liquid chromatography)
method by Kimura et al was used (Kimura et al.,
1981; Yasuda et al., 1992; Ishiwata et al., 2011).
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2.5. Nutritional intake investigation and
questionnaire

For the nutritional intake investigation, we used
survey forms which the respondents completed
themselves. We carried out this investigation using
the Food Frequency Questionnaire: FFQ by food
intake frequency analysis system Ver.1.21-System
Supply Corporation Ltd.

For the questionnaire survey concerning diet and
thiamin, we conducted this by using interview sheets,
which were completed by the respondents.

2.6. Statistics

We used the statistical analyzing software SPSS
ver16.0J for Windows for statistical analysis. In order
to examine the difference in average value we utilized
a multiple comparison which we conducted with
Tukey. We also carried out y* test as a calibration to
show the difference of ratio and we assigned p<0.05
as the significant difference.

2.7. Accordance

All of participants agreed to take part in our
research. We explained the research content in written
form and received certificates of informed consent.
This investigation had the approval of the Nagoya
University of Arts and Sciences Ethics committee
and this investigation was in accordance with the
Declaration of Helsinki.

3. Results

3.1. The distribution of total thiamin concentra-
tion in the blood

The range of female university students’ total
thiamin concentration in the blood was from a
minimum deviation of 11.4ng/ml to a maximum
deviation of 77.4ng/ml and the average + standard
deviation was 40.3+£9.5ng/ml.

Figure 1 shows the frequency distribution for all
participants’ thiamin concentration and we found that
the distribution was almost normal.

Within this range there were 5 participants whose
thiamin concentration was lower than 20ng/ml and
for 20-30ng/ml there were 53 participants and the
remaining 360 participants had levels of over 30ng/ml.

School Health Vol.7, 55-61, 2011
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3.2. Laboratory test values

Based on the frequency distribution for all
participants’ thiamin concentration, we divided
the data into 3 groups- 30.8-49.8 ng/ml, which is
from the average value + 1 standard deviation as a
middle value group (n=285), and those lower than
30.7ng/ml as the low value group (n=63). Another
group which was more than 49.9 ng/ml and known
as the high value group (n=70) and we considered
the relationship between thiamin concentration
with anthropometric measurement values and blood
examination values. The results are shown in Table 1
and Table 2.

As shown in Table 1, for anthropometric
measurement values and thiamin concentration
there was no significant difference across the 3
groups. However, as shown in Table 2 in the blood
examination values, the values of the blood cell
system (WBC, RBC, Hb, Het, MCV, MCH, MCHC
etc.) were significantly high as thiamin concentration
increased in value.

100

80 Mean=+=SD
5 60 L 40.3+9.5ng/ml
_g N=418
=3
Z 40

20 r

0

10 15 20 25 30 35 40 45 50 55 60 65 70 75 80
Thiamin (ng/ml)

Figure 1 Distribution of whole blood thiamin concentrations
of female students

10-15, the range of the graph in a thiamin value means
10<value<15

A Study of Total Thiamin Concentration in the Blood of Students

3.3. Food intake conditions

In the same way we divided the thiamin
concentration data into 3 groups, which were the
low, middle and high value groups and the relations
to the quantity of intake for each food group and the
quantity of nutritional intake are shown in Table 3
and Table 4.

Results showed there was no significant difference
relating to thiamin concentration between the quantity
of intake for each food group and the quantity of
nutritional intake among the 3 groups.

3.4. Life style habits

For the thiamin concentration for the low value
group, middle value group and high value group with
the exception of the middle group, the participant
percentage of the questionnaire survey relating to diet
and thiamin is shown in Table 5 for two groups (low
and high group).

Results showed that for the high value group for
thiamin concentration, there was a significantly high
percentage of people with the habit of consuming
nutritional supplement drinks and in the low value
group the percentage of people who lived on their
own was significantly high.

4. Discussion

Currently, a number of inspection institutes have
agreed that the standard value for the lowest limit
of total thiamin concentration in the blood is 20 ng/
ml; it is rare therefore in clinical settings to diagnose
thiamin deficiency. In this investigation, as shown in
Figure 1, results showed that the number of people

Table 1 Physical and Physiological value of participants according to thiamin levels

Mean=*SD
Low value Middle value High value Total Significant probability
(n=63) (n=285) (n=70) (n=418)
Height (cm) 1575 =+ 5.1 1586 =+ 5.2 1588 =+ 57 1585 =+ 53 ns
Weight (kg) 50.0 = 8.9 504 =+ 6.8 50.7 = 6.6 504 =+ 71 ns
BMI (kg/m?) 20.1 =+ 3.1 200 *= 23 20.1 = 23 20.1 = 25 ns
%Fat (%) 243 =54 247 =+ 9.2 244 =+ 44 246 =+ 8.1 ns
BMD (YAM%) 954 =+ 11.3 972 =+ 104 958 £ 99 96.7 = 105 ns
SBP (mmHg) 106 += 13 106 =+ 11 107 += 10 106 = 11 ns
DBP (mmHg) 65 *+ 8 66 *+ 8 66 =+ 8 66 + 8 ns

BMI: body mass index, %Fat: percentage body fat, BMD: bone mineral density, SBP: systolic blood pressure, DBP: diastolic blood pressure

Based on the frequency distribution for all participants’ thiamin concentration, we divided the data into 3 groups— 30.8-49.8 ng/ml, which is from the
average value = 1 standard deviation as a middle value group, and those lower than 30.7ng/ml as the low value group. Another group which was more

than 49.9 ng/ml and known as the high value group.

ns : not significant

In order to examine the difference in average value we utilized a multiple comparison which we conducted with Tukey.
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Table 2 Mean and standard deviation of hematological parameters according to thiamin levels

Mean=*SD
Low value (a) Middle value (b) High value (c) Total Significant probability
(n=63) (n=285) (n=70) (n=418)
WBC (/mm®) 5762 =+ 1458 6106 =+ 1329 6950 + 1583 6196 =+ 1437 * % % a—c b-c
RBC (10*/mm®) 452 =+ 34 451 =+ 30 462 =+ 26 453 =+ 30 *b-c
Hb (g/dl) 127 £ 14 133 = 1.0 139 =09 133 = 1.1 * ka-b % % *a—c b—c
Het (%) 394 =+ 32 404 =+ 2.7 418 += 24 405 = 28 * *%a—-b * % *%a—c b-c
MCV (fl) 875 = 7.1 89.7 = 47 905 =+ 33 895 =+ 52 * *a-b a-c
MCH (pg) 283 =+ 34 295 =19 301 =13 294 =+ 22 * % % a-b a—c
MCHC (%) 323 = 16 328 = 08 332 =09 328 = 1.0 * % *%a-ba-c *b-c
PLT (10°/mm?) 235 + 63 240 + 50 233 + 46 238 + 52 ns
TG (mg/dl) 69.1 =+ 31.2 688 =+ 319 68.5 =+ 405 68.8 =+ 33.3 ns
T-CHO (mg/dl) 1823 =+ 36.3 1750 =+ 294 1738 = 296 1759 =+ 30.6 ns
HDL-CHO (mg/dI) 66.8 = 11.1 648 == 11.7 65.7 = 121 653 = 11.7 ns
LDL-CHO (mg/dl) 1024 =+ 358 977 £ 244 945 =+ 230 979 =+ 263 ns
TP (g/dl) 75 £ 03 75 = 03 75 =04 75 = 03 ns
Alb (g/dI) 47 = 02 46 = 0.2 47 =02 46 = 0.2 ns
BUN (mg/dl) 126 =+ 3.2 121 = 28 124 += 25 122 = 28 ns
UA (mg/dl) 44 = 08 43 =08 44 = 06 43 = 08 ns
CRE (mg/dl) 06 = 0.1 06 = 0.1 06 =+ 0.1 06 = 0.1 ns
SI (pg/dl) 934 =+ 465 90.0 =+ 394 105.8 =+ 45.1 932 =+ 418 *b—c
AST (IU/L) 177 = 4.7 170 = 35 173 = 3.1 171 = 3.7 ns
ALT (IU/L) 134 = 104 120 = 5.3 128 = 45 123 = 6.3 ns
LDH (IU/L) 1701 = 254 1734 =+ 232 1754 = 270 1732 =+ 242 ns
ALP (IU/L) 1980 =+ 445 1957 =+ 503 1933 = 407 195.7 £ 479 ns
AMY (1U/L) 834 + 245 794 + 231 818 =+ 243 804 =+ 235 ns
Gle (mg/dl) 846 = 55 86.3 =+ 6.7 845 =+ 91 858 =+ 9.1 ns
HbAlc (%) 50 = 03 50 *= 0.3 49 = 03 50 = 03 * *a—-c b-c
Y GTP _(IU/L) 158 + 48 156 + 4.1 16.0 = 4.0 15.7 + 4.2 ns

WBC: white blood cell, RBC: red blood cell, Hb: hemoglobin, Hct: hematocrit, MCV: mean corpuscular volume, MCH: mean corpuscular hemoglobin,
MCHC : mean corpuscular hemoglobin concentration, PLT: platelet, TG: triglyceride, T-CHO: total cholesterol, HDL-CHO: high—density lipoprotein
cholesterol, LDL-CHO: low—density lipoprotein cholesterol, TP: total protein, Alb: albumin, BUN: blood urea nitrogen, UA: uric acid, CRE: creatine, SI:
serum iron, AST: aspartate aminotransferase, ALT: alanine aminotransferase, LDH: lactate dehydrogenase, ALP: alkaline phosphatase, AMY: amylase,
Glc: glucose, HbAlc: hemoglobin Alc, ¥ GTP: ¥ —glutamyl transpeptidase

Based on the frequency distribution for all participants’ thiamin concentration, we divided the data into 3 groups— 30.8-49.8 ng/ml, which is from the
average value £ 1 standard deviation as a middle value group, and those lower than 30.7ng/ml as the low value group. Another group which was more
than 49.9 ng/ml and known as the high value group.
* p<0.05 ** p<0.01 *x*% p<0.001
ns : not significant
In order to examine the difference in average value we utilized a multiple comparison which we conducted with Tukey.

Table 3 Mean and standard deviation of food intake according to thiamin levels

Mean=SD
Low value (a) Middle value (b) High value (c) Total Significant probability
(n=63) (n=285) (n=70) (n=418)

Cereal (g) 5536 =+ 126.7 551.3 =+ 150.7 541.7 = 130.7 5500 =+ 1438 ns
Sugar products (g) 37 £ 22 40 = 30 33 £ 26 39 =28 ns
Beans (g) 416 =+ 418 306 =+ 394 293 =+ 217 321 =+ 375 ns
Green/Yellow vegetables (g) 63.8 = 533 703 = 826 67.8 = 555 689 =+ 747 ns
Other vegetables (g) 945 =+ 732 69.9 =+ 39.1 70.1 =+ 342 73.7 =+ 459 * % xa-b * *ka—c
Fruits (g) 729 £ 1140 750 = 785 821 = 712 759 =+ 836 ns
Seafood (g) 342 =+ 30.6 291 += 19.7 312 =179 303 += 215 ns
Meat (g) 510 = 270 48.7 + 25.7 46.2 += 230 48.6 = 255 ns
Egg products (g) 423 =+ 282 409 =+ 305 402 + 3438 410 =+ 309 ns
Dairy products (g) 959 =+ 835 146.1 =+ 268.1 1304 += 1752 135.9 =+ 2352 ns
Fat (g) 170 =+ 8.1 16.7 =+ 8.2 176 *= 9.0 169 =+ 83 ns
Confectionary (g) 1466 =+ 1356 1194 =+ 1659 119.0 = 109.0 1235 =+ 1533 ns
Alcohol (g) 6.7 += 343 30 =+ 8.1 24 =90 34 += 153 ns

Based on the frequency distribution for all participants’ thiamin concentration, we divided the data into 3 groups— 30.8-49.8 ng/ml, which is from the average value
+ 1 standard deviation as a middle value group, and those lower than 30.7ng/ml as the low value group. Another group which was more than 49.9 ng/ml and known
as the high value group.

** p<0.01 k¢ p<0.001
ns : not significant
In order to examine the difference in average value we utilized a multiple comparison which we conducted with Tukey.
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Table 4 Mean and standard deviation of nutritional intake according to thiamin levels

A Study of Total Thiamin Concentration in the Blood of Students

Mean=SD
Low value Middle value High value Total Significant probability
(n=63) (n=285) (n=70) (n=418)
Energy (kcal) 1672 =+ 447 1644 =+ 477 1641 =+ 441 1647 =+ 466 ns
Protein (g) 572 =+ 203 545 =+ 192 541 = 179 549 =+ 19.1 ns
Fat (g) 483 = 17.7 480 += 19.6 48.0 = 20.1 480 = 194 ns
Saturated fatty acid (g) 13.75 =+ 540 1427 =+ 7.68 1419 =+ 7.38 1418 =+ 7.31 ns
Monounsaturated fatty acid (g) 16.50 =+ 6.30 16.35 =+ 6.58 16.44 + 6.82 16.39 =+ 6.56 ns
Polyunsaturated fatty acid (g) 10.58 =+ 3.85 992 =+ 3384 997 =+ 3.80 10.03 =+ 3.83 ns
Cholesterol (mg) 304 =+ 153 295 =+ 156 295 = 175 296 =+ 158 ns
Carbohydrate (g) 2431 £ 579 2403 =+ 63.7 2404 = 550 2407 = 614 ns
Dietary fibers (g) 96 £ 45 85 £ 33 8.6 = 3.1 87 £ 35 ns
Vitamin A ( g) 381 =+ 193 389 =+ 200 387 = 176 388 =+ 194 ns
Retinol (1 g) 202 =+ 98 220 =+ 143 206 =+ 117 215 =+ 133 ns
Carotene( ( g) 2107 =+ 1562 1980 =+ 1305 2137 £ 1205 2026 =+ 1329 ns
Vitamin D (u g) 5 x5 5 =3 5 =3 5 =4 ns
Vitamin E (mg) 57 + 24 55 + 23 56 + 23 55 + 23 ns
Vitamin B; (mg) 0.60 =+ 0.26 0.58 =+ 0.25 058 =+ 0.22 0.58 =+ 0.25 ns
Vitamin B, (mg) 0.85 = 0.39 085 = 0.50 0.85 = 046 0.85 =+ 048 ns
Vitamin C (mg) 60 =+ 50 55 =+ 33 58 =+ 30 56 =+ 35 ns
Sodium chloride equivalent (g) 65 =+ 27 6.1 =+ 24 60 *+ 24 6.1 *+ 24 ns
Potassium (mg) 1728 =+ 844 1641 = 727 1647 =+ 674 1655 =+ 736 ns
Calcium (mg) 398 =+ 203 414 =+ 324 413 =+ 265 411 =+ 298 ns
Magnesium (mg) 190 =+ 80 176 =+ 64 176 =+ 62 178 =+ 67 ns
Iron (mg) 63 £ 26 58 + 2.1 58 £ 22 59 £ 22 ns
Zinc (mg) 73 = 23 70 =23 69 + 20 70 =23 ns

Based on the frequency distribution for all participants’ thiamin concentration, we divided the data into 3 groups— 30.8-49.8 ng/ml, which is from the average value
+ 1 standard deviation as a middle value group, and those lower than 30.7ng/ml as the low value group. Another group which was more than 49.9 ng/ml and known

as the high value group.
ns : not significant

In order to examine the difference in average value we utilized a multiple comparison which we conducted with Tukey.

whose level for thiamin concentration was lower than
20ng/ml (generally diagnosed as a deficiency disease)
was 5 (approximately 1.2 % of the total). However,
conversely, various literature has reported that there
are people who show symptoms of deficiency disease
despite their total thiamin concentration being within
the standard value. It can be said therefore that due
to this, there are some who feel that for those people
with a thiamin concentration of 20-30ng/ml have
a latent avitaminosis (Tietz, 1995; Takeda et al.,
2002, 2004). As a reference, in this investigation, the
number of those people whose thiamin concentration
was within such a range was 53, which is as much
as approximately 13% of the total. From this, it is
still difficult to deny the danger of latent thiamin
deficiency among female university students.

On the basis of this result, we compared
anthropometric measurement values, blood
examination values, the quantity of intake for each
food group and the quantity of nutritional intake
etc. for each thiamin concentration level. In Table 2
for the blood examination for the blood cell system
values (WBC, RBC, Hb etc.) the high value group
showed significantly high figures which corresponded
to a relatively high value for thiamin concentration.

Generally internal thiamin in the human body
exists in the blood cell system in the shape of thiamin
diphosphate (TDP) which is mainly in an active form
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and especially the thiamin concentration in red blood
cells reflect internal reserve amount (Ihara, 2007).
Therefore it can be suggested that within the blood
examination values, blood cells showed a high value
which in turn corresponded to thiamin concentration.

For other items, which were the anthropometric
measurement values, the quantity of intake for each
food group and the quantity of nutritional intake etc.,
there was no significant difference relating to thiamin
concentration which we considered in particular,
however, we need to consider this hereafter

On the other hand, as shown in Table 5 for the low
value group for thiamin concentration, the percentage
of people living on their own was significantly high.

In a previous study, female students were the
participants and there were two groups those who
were living on their own and those living with their
families and their nutritional intake was compared.
The report stated that for most items people who
lived on their own had a significantly low value for
most items (Yasutomo et al., 2009). In this study, we
could not see any major difference in the quantity of
nutritional intake. However, it could be suggested that
there is the possibility that the female students’ living
circumstances influence thiamin concentration in the
blood. Therefore we considered that it is important to
review the eating habits for students living on their
own and to maintain correct health management.
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Table 5 Percentage of participants according to low and high thiamin values

Number (%)

Low value High value Total Significant probability
(n=63) (n=70) (n=133)
Custom of eating particular food
Unpolished rice” 3( 48 ) 5 ( 72 ) 8 ( 61 ) ns
Instant noodle® 21 (333 ) 26 (377 ) 47 ( 356 ) ns
Other instant food” 31 ( 574 ) 27 ( 643 ) 58 ( 604 ) ns
Baked bread items/sweet bun? 18 ( 333 ) 12 ( 286 ) 30 ( 312 ) ns
Confectionary”-}ﬁ 29 ( 537 ) 27 ( 643 ) 56 ( 583 ) ns
Soft drinka) X 28 ( 519 ) 24 ( 571 ) 52 ( 542 ) ns
Fruit/vegetable juice® % 24 ( 444 ) 24 ( 571 ) 48 ( 500 ) ns
Milk/dairy produce? 3¢ 27 (500 ) 22 ( 524 ) 49 ( 510 ) ns
Alcohol” 16 ( 302 ) 6 ( 146 ) 22 ( 234 ) ns
Regular e)(ercise5> 20 ( 370 ) 14 ( 333 ) 34 ( 354 ) ns
Live alone 20 ( 328 ) 11 ( 157 ) 31 (237 ) *
Often eat out” 13 ( 241 ) 9 ( 214) 22 (229 ) ns
Often bring shop prepared food home® 3% 25 ( 463 ) 22 ( 524 ) 47 ( 490 ) ns
Diet orientation 3 41 ( 759 ) 29 ( 690 ) 70 ( 729 ) ns
Eat with attention to combination of food 10 ( 16.1 ) 5 ( 71 ) 15 (114 ) ns
Conscious acknowledgement of number of food items 3 28 ( 519 ) 17 ( 405 ) 45 ( 469 ) ns
Snack everyday 19 ( 306 ) 27 ( 386 ) 46 ( 348 ) ns
Imbalanced diet 14 ( 226 ) 20 ( 286 ) 34 ( 258 ) ns
Often miss meal 13 (210 ) 12 ( 171 ) 25 ( 189 ) ns
Generally have appetite 39 ( 629 ) 33 ( 471 ) 72 ( 545 ) ns
Remarkable fluctuation of weight® 21 ( 344 ) 28 (400 ) 49 ( 374 ) ns
Overeating/no appetite due to stress 7 C 113 ) 10 ( 143 ) 17 ( 129 ) ns
Fatigue/feeling of general malaise in daily life $¢ 43 ( 796 ) 31 ( 738 ) 74 (771 ) ns
Swelling and numbness in hands/legs in daily life 3¢ 26 ( 481 ) 19 ( 452 ) 45 ( 469 ) ns
Often eat food rich in thiamin? 31 ( 508 ) 25 ( 368 ) 56 ( 434 ) ns
Consume Nutritional supplement drinks containing thiamin® 3 6 ( 111 ) 15 ( 357 ) 21 (219 ) *k
Consume Supplements containing thiamin 10 (159 ) 15 (217 ) 25 (189 ) ns

3 Items with partly no response. (Because the questionnaire in year 2008 is different)

Low value (n=54) High value (n=42) Total (n=96)
1) Mostly everyday

2) More than 3 times a week

3) More than once a week

4) More than twice a month

5) More than twice (more than 30 minutes) a week

6) Within the last year more than =+ 3kg

Based on the frequency distribution for all participants’ thiamin concentration, we divided the data into 3 groups— 30.8-49.8 ng/ml, which is from the average value
+ 1 standard deviation as a middle value group, and those lower than 30.7ng/ml as the low value group. Another group which was more than 49.9 ng/ml and known

as the high value group.

* p<0.05 * *x p<0.01

ns : not significant

We carried out an )(2 test as a calibration to show the difference of ratio.

Avitaminosis used to be called a national disease,
there was a report which said thiamin deficiency
diseases frequently occurred throughout Japan around
1973 (Arima et al., 1976; Kimura et al., 1978).
There were many young people aged 15-20 years
old among the patients of that time and it was said
that the prevalence of instant food and drinking a lot
of soft drinks containing a lot of glucides etc. was
the cause. However, in this investigation there was
no significant difference in the relation between the
intake of instant food and soft drinks with thiamin
concentration in the blood. We can consider the
following causes for this- recently the number of
products with additional vitamins like instant noodles
etc. for the purpose of nutritional reinforcement, and
also soft drinks using artificial sweetener instead of
sugar as well as those vitamin enriched soft drinks
have become popularized. Dibenzoyl Thiamin (DBT),
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a lipophilic derivative of thiamin, has been approved
as a food additive in Japan. The use of DBT in a
variety of processed food has increased recently due
to the current consumer trend for “Vitamin-Rich”
food products (Ioroi, 2005; Yoshida et al., 2008).

The design of this investigation is a cross-
investigation. Therefore, there is a limit in the
consideration of the causal relation. From now on, it
is necessary to know the relationship between various
factors and the thiamin nutritional state.

The participants of this investigation are female
university students. However, the risk of the thiamin
lack may exist in the male university students and
high school students (Takeda et al., 2004; Nozue
et al., 2010). Therefore, it is necessary for them to
execute a similar investigation. Moreover, exercise
influences thiamin (Sauberlich et al., 1970; Yamada
et al., 1986; Higuchi et al., 1997) and a recent report

School Health Vol.7, 55-61, 2011
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concerning elderly people’s deficiency diseases
(Itokawa et al., 1993; Finch et al., 1998; Bates et al.,
1999; Kuriyama et al., 2006) etc. are notable issues.

We hope that the consideration of female university
students’ nutritional conditions of thiamin in this
investigation will be future basic data for various
related studies.
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Summary In recent years the occurrence of thiamin deficiency diseases has increased
particularly among elderly people and there has been some speculation about whether or
not any particular factors exist. In this study, we focused on elderly people requiring con-
stant care in nursing homes and we conducted an accurate condition survey of total thia-
min concentration in whole blood as a means of nutritional assessment. The total number
of participants was 14 males and 60 females who were residing in a nursing home; they
were aged between 65 and 105 y old. All of the subjects agreed to take part in our research.
We conducted the following tests: anthropometric measurements, blood examination
including total thiamin levels, and also physical functions such as in the level of nursing
care required and tests of other physical conditions. The average+standard deviation of thi-
amin concentration was 22.4+8.9 ng/mL and the number of people with a deficient condi-
tion (less than 20 ng/mL) was 42, which was 56.8% of the total. From these results, the
existence of thiamin deficiency is validated in more than half of the elderly people who
require nursing care. On the other hand, the method of meal intake for all participants who
have a thiamin deficiency was oral intake and for those who were non-deficient in thiamin,
the percentage of tube feeding or nutritional supplementation intravenously was 37.5%,

which was a significantly high value.

Key Words require nursing care, thiamin (vitamin B;), blood examination, physical con-

dition, method of meal intake

In Japan, the rapidly ageing population is increasing
at a furious pace with no parallel in the rest of the
world. These modern times with fewer children and an
ageing society have brought serious social problems as
well the necessity to treat illnesses and the increasing
burdens for those supporting these people. The lifestyles
for elderly people are extremely diverse: there are
healthy individuals, but there are many who are ill.

In recent years the occurrence of thiamin deficiency
diseases has increased particularly among elderly peo-
ple and there have been some studies of whether or not
any particular factors exist (1-8). In conventional stud-
ies, reports show that among elderly people with thia-
min deficiency diseases, there are many who have a
mal-absorption of thiamin which is caused by overcon-
sumption of alcohol or anamnesis such as diabetes, gas-
tric resection, etc. It has also been reported that one
other cause could be the influence of medications for
those people who consume various medicinal drugs (9—
14). There are also problems with the lack of nutri-
tional intake like vitamins for elderly people; it has been
said that the intake conditions especially for bedridden
elderly people or those with dementia are not consistent
(15-18). However, the literature relating to these accu-
rate conditions is extremely limited, especially for defi-

E-mail: 10gn101@st.nuas.ac.jp

ciency conditions in elderly people who require nursing
care, a critical problem we should currently tackle.

In this study, we focused on elderly people staying in
a nursing home who need constant nursing care, i.e.,
where it is difficult to be nursed at home. We conducted
an accurate condition survey of total thiamin concen-
tration in whole blood as a means of nutritional assess-
ment and to research the accurate conditions of defi-
ciency and its factors, we considered the relationship
with other research items, such as physical function
and body condition, which we will report in this paper.

Materials and Methods

Participants. The study took place in July, 2010, and
the participants were males and females from nursing
home N for elderly people in Nagoya City in Aichi Pre-
fecture. They were aged 65-105 y old (average* stan-
dard deviation of 87.6*+7.5 y old). The number of par-
ticipants was 74 (14 males and 60 females) all of whom
agreed to take part in our research. To describe the dis-
abled elderly people’s level of independence in their
daily lives, participants were assigned to a level of nurs-
ing care required from 1 to 5 (hereafter known as care
degree). Another category was the level of bedridden
from J1 to C2 (hereafter known as bed-ridden degree),
and another category was their level of dementia from
Independent to IV (hereafter known as dementia

210



Thiamin Deficiency of Elderly People 211

degree).

Investigation content. For anthropometric data, we
measured height, weight, and BMI.

For the blood examination, we collected blood from
the median cubital vein in the morning from fasting
subjects. The following were tested: total thiamin con-
centration in whole blood (hereafter known as thiamin
concentration), WBC, RBC, Hgb, Hct, MCV, MCH,
MCHC, PLT, TG, HDL-CHO, LDL-CHO, Alb, BUN, CRE,
AST, ALT, Glc, HbAlc, yGTP, Na, K, and Cl. In order to
carry out the test for thiamin concentration, we out-
sourced to this to Falco Biosystems, Inc. The postcol-
umn fluorometric detection HPLC (high-performance
liquid chromatography) method by Kimura et al. was
used (the standard value was 20-50 ng/mL) (19, 20).
The thiamin intake was estimated from the menu
which the participants consumed every day, and calcu-
lation used the software Excel Eiyokun ver. 5.0 accord-
ing to the Standard Tables of Food Composition in
Japan, 5 revised and enlarged edition 2005 (21).

For other investigations concerning physical condi-
tion, we show the interview sheets which we made; the
information we received for these was based on the
nursing home resident records.

Statistics. We used the statistical analyzing software
SPSS ver. 16.0] for Windows for the statistical analysis.
In order to examine the difference in average value, we
utilized the non-parametric method Mann-Whitney U
test and we carried out an ¥ test to calculate the differ-
ence in ratio. We also used Pearson’s coefficient of cor-
relation for the relation between factors; we assigned
p<0.05 as the level of significant difference.

Accordance. This study had the approval of the
Nagoya University of Arts and Science Ethics Commit-
tee, which meets the standard of the Helsinki Agree-
ment. We explained the research content in written
form and received certificates of signed consent from
the individual or a member of their family.

Results
The distribution of total thiamin concentration in whole
blood

The range of participants’ thiamin concentration was
from a minimum deviation of 10 ng/mL to a maximum
deviation of 53 ng/mL and the average*standard devi-
ation was 22.4+8.9 ng/mL. Figure 1 shows the fre-
quency distribution for all participants’ thiamin con-
centration and we found that it had bell-shaped
frequency showing 20 ng/mL at the peak and a long
base for the high values.

Within this range, there were 42 participants whose
thiamin concentration was lower than 20 ng/mL
(56.8% of the total), for 21-30 ng/mL there were 19
participants (25.7% of the total), the remaining 13 par-
ticipants had levels of over 30 ng/mL.

Laboratory test values

Based on the frequency distribution for all partici-
pants’ thiamin concentration, we divided the subjects
into 2 groups, those lower than 20 ng/mL as a defi-
ciency group (n=42) and those higher than 21 ng/mL
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Fig. 1. The distribution of total thiamin concentration

in whole blood for elderly people requiring nursing
care.

as a non-deficiency group (n=32). We considered the
relationship between thiamin concentration, anthropo-
metric measurement values and blood examination val-
ues. The results are shown in Table 1.

For anthropometric measurement values like height,
weight and BMI and thiamin concentration, there was
no significant difference between the two groups. How-
ever, in the blood examination, factors such as WBC,
RBC, Hgb, Hct, TG, and BUN showed a significantly low
value in the thiamin deficiency group. On the other
hand, the values of HDL-CHO and CRE showed signifi-
cantly high values in the thiamin deficiency group.
Physical function and physical condition

In the same way, Tables 2 and 3 show the relation-
ship between the participants’ physical function and
physical condition in the two groups, namely the thia-
min deficiency group and non-deficiency group.

For the results, we found significant differences
depending on care degree for the physical function in
Table 2, so we conducted a residual analysis. The per-
centage of the thiamin deficiency group was high for
level 3 of care degree and low for level 5. We also con-
ducted a residual analysis as there were significant dif-
ferences for bed-ridden degree. The percentage of those
in the thiamin deficiency group was high for level B1
and B2 of bed-ridden degree and low for C1 and C2.

Conversely, regarding the physical condition, Table 3
shows the method of meal intake for all participants in
the thiamin deficiency group was oral intake and for
the non-deficiency group the percentage for tube feed-
ing and intravenous supplemental nutrition was signif-
icantly high. In addition, for the people who were able
to walk unaided, the thiamin deficiency group showed
significantly high values.

Discussion

Currently, the most crucial task is to preserve elderly
people’s health in our ever evident ageing society in
Japan. However, within this lies a tendency to miss trace
nutritional elements such as vitamins.

In this study, where the participants were elderly peo-
ple who require nursing care, we found 42 participants
whose thiamin concentration was lower than 20 ng/
mlL, which is generally diagnosed as a deficiency disease
(1, 22). The results showed more than half the partici-
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Table 1. A comparison of laboratory test values between the thiamin deficiency group and non-deficiency group.

Deficiency group

Non-deficiency group

(n=42) (n=32) Significant probability
Mean*SD

Age 87.7£8.0 87.4x7.0 0.566
Height (cm) 144.6+9.7 145.8+11.9 0.541
Weight (kg) 43.6*+7.7 40.4+9.6 0.108
BMI (kg/m?) 20.9+3.4 19.1+4.3 0.093
Thiamin (ng/mL) 16.4+2.6 30.2+8.0 0.000***
WBC (/mm?) 4,632*+1,153 6,469+2,723 0.000***
RBC (10*/mm?) 367%49 396*+53 0.021*
Hgb (g/dL) 11.1*+1.3 12.3*+1.4 0.002**
Hct (%) 34.7+4.3 38.1+4.7 0.003**
MCV (fL) 94.7*5.6 96.3%+5.0 0.252
MCH (pg) 30.5+2.0 31.1+2.1 0.213
MCHC (%) 32.2*1.0 32.3x1.2 0.586
PLT (10*/mm?) 21.5%6.0 20.7+7.7 0.239
TG (mg/dL) 91.1+30.1 133.8+65.7 0.001**
HDL-CHO (mg/dL) 50.3x12.1 42.9+9.7 0.012*
LDL-CHO (mg/dL) 112.2+32.0 109.4+34.7 0.883
Alb (g/dL) 3.6+0.4 3.4+0.4 0.051
BUN (mg/dL) 15.3+6.3 19.8+£9.6 0.017*
CRE (mg/dL) 0.8+0.3 0.6x0.2 0.003**
AST (IU/L) 20.6+9.0 23.5*+17.1 0.255
ALT (IU/L) 12.4+11.3 13.6x7.0 0.082
Glc (mg/dL) 109.4+38.4 124.0+55.0 0.209
HbA1lc (%) 5.4+0.5 5.4+0.6 0.947
yGTP (IU/L) 19.5+8.0 22.5+16.7 0.861
Na (mEq/L) 138.9+4.7 133.7%25.6 0.840

K (mEq/L) 3.9+0.6 3.9+0.5 0.822
Cl (mEq/L) 101.4+4.8 100.6+5.8 0.674

BMI: body mass index, WBC: white blood cell, RBC: red blood cell, Hgb: hemoglobin, Hct: hematocrit, MCV: mean corpuscu-
lar volume, MCH: mean corpuscular hemoglobin, MCHC: mean corpuscular hemoglobin concentration, PLT: platelet, TG:
triglyceride, HDL-CHO: high-density lipoprotein cholesterol, LDL-CHO: low-density lipoprotein cholesterol, Alb: albumin,
BUN: blood urea nitrogen, CRE: creatine, AST: aspartate aminotransferase, ALT: alanine aminotransferase, Glc: glucose,
HbA1lc: hemoglobin Alc, yGTP: y-glutamyl transpeptidase, Na: sodium, K: potassium, Cl: chloride.

Based on the frequency distribution for all participants’ thiamin concentration, we divided the subjects into 2 groups, those
lower than 20 ng/mL as a deficiency group (n=42) and those higher than 21 ng/mL as a non-deficiency group (n=32).

*p<<0.05, **p<0.01, **p<0.001.

Probability was calculated by the non-parametric method Mann-Whitney U test.

pants were in a deficient condition. There are also vari-
ous studies which have reported that there are people
who show symptoms of deficiency diseases, despite their
thiamin concentration being within the standard value.
Due to this, there are some who feel that people whose
thiamin concentration level is between 21 and 30 ng/
mL may have a potential for avitaminosis (1, 22, 23).
As a reference, in this study the number of those with
lower than 30 ng/mL was 61 people which is more
than 80% of the total; these were under the condition of
deficiency or in danger of potential deficiency. From this
it could be suggested that there is a serious thiamin defi-
ciency among the elderly people who require nursing
care.

On the basis of this result, we compared anthropo-
metric measurement values and blood examination val-
ues in two groups, the thiamin deficiency group (lower
than 20 ng/mL) and the non-deficiency group (more

than 20 ng/mL), and in Table 1 for the blood examina-
tion for blood cell system values (WBC, RBC, Hgb, Hct,
etc.) the thiamin deficiency group showed significantly
low values.

Generally internal thiamin in the human body is in
the form of thiamin diphosphate (TDP) in the blood cell
system. This is mainly an active form and the thiamin
concentration in red blood cells especially reflects the
internal reserve amount (1, 24). Therefore, it can be
suggested that within the blood examination values,
blood cells showed a low value, which in turn corre-
sponded to thiamin deficiency. For other items among
the anthropometric measurement values and the blood
examination values, there was no significant difference
relating to thiamin deficiency which we had considered
in particular. However, we need to consider this hereaf-
ter.

On the other hand, as shown in Table 3 for physical
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Table 2. The comparison of physical function between the thiamin defiency group and non-defiency group.
Deficiency group  Non-deficiency group
X2 Significant probability
Number (%)

Gender Male 8 (19.0) 6 (18 8) 0.01 1.000
female 34 (81.0) 26 (81.3)

Care degree 1 2 (4.8) 0 (0.0)
2 3(7.1) 5(15.6)
3* 14 (33.3) 2 (6.3) 13.40 0.009**
4 13 (31.0) 8 (25.0)
5% 10 (23.8) 17 (53.1)

Bed-ridden degree J17]2 0 (0.0) 1(3.1)
Al A2 14 (33.3) 5(15.6) o
B1 B2* 25 (59.5) 11 (34.4) 17.68 0.001
C1c2* 3(7.1) 15 (46.9)

Dementia degree Independent 1(2.4) 0 (0.0)
I 1(2.4) 3(9.4)
Ia ITb 7 (16.7) 4 (12.5) 4.46 0.348
IIa IIIb 15 (35.7) 7 (21.9)
v 18 (42.9) 18 (56.3)

Bed-ridden degree

J1 J2: Some disabilities exist, but mostly independent in daily life and able to go out independently.

A1l A2: Life indoors mostly independent, but not able to go out without help.

B1 B2: Life indoors needs some form of nursing help. During the day, mostly stay in bed, but able to sit unaided.
C1 C2: Stay in bed all day and need nursing help for toilet needs, meals and changing clothes.

Dementia degree

I: Some dementia evident, but in daily life mostly independent within family and society.
ITa IIb: Despite evidence of symptoms which hinder daily life activities and communication, if there is awareness of such

they can be independent.

IITa ITIb: At times evidence of symptoms which hinder daily life activities and communication and need nursing care.

IV: Frequently evidence of symptoms which hinder daily life activities and communication, need constant nursing care.
Based on the frequency distribution for all participants’ thiamin concentration, we divided the subjects into 2 groups, those
lower than 20 ng/mL as a deficiency group (n=42) and those higher than 21 ng/mL as a non-deficiency group (n=32).

**p<0.01.
Probability was calculated by x? test.

*Items from the result of residual analysis an absolute value higher than 1.96.

condition, the method of meal intake for all participants
who are in the thiamin deficiency group was oral intake
of food, while the percentage of those tube feeding or
receiving nutritional supplementation intravenously
showed significantly high values within the non-defi-
ciency group. As a reference, we compared the average
values of thiamin concentration depending on the
method of meal intake, and this was shown as
19.3+£5.3 ng/mL for those eating through the oral
intake of food. Conversely the figures were 38.1*+
6.4 ng/mL for those feeding intravenously, showing a
significant difference (p<<0.001).

In the 1990s, there were various reviews of the
method of non-oral nutrition, especially those receiving
nutritional supplementation intravenously. These
showed that when a high-calorie infusion containing
no thiamin was administered there were successive
reports of serious cases of thiamin deficiency diseases,
including cases of death. It was therefore advised that
thiamin should be administered and included in the
high-calorie infusion (25-28). It could therefore be
considered that subjects in nursing homes at this time
are also administered sufficient thiamin as supplements

and in the high-calorie infusions and as a result people
who are fed intravenously avoid a thiamin deficiency
(29, 30).

Practically, we investigated the thiamin intake
amount of the participants according to the menu for
1 wk around the investigation day.

The results showed that those who had an oral intake
had 0.82+0.13mg (approximately 0.47 mg/1,000
kcal) of thiamin a day and those who received nutri-
tional supplementation intravenously had an intake of
1.15%£0.32 mg (approximately 1.41 mg/1,000 kcal).
On the other hand, when we compared the intake
amount according to the thiamin concentration defi-
ciency group and non-deficiency group, we found the
deficiency group consumed 0.82%+0.13 mg (approxi-
mately 0.47 mg/1,000kcal) a day and the non-defi-
ciency group consumed 0.95*0.26 mg (approximately
0.70 mg/1,000 kcal). It is therefore necessary to con-
sider the supply of thiamin fairly for those with an oral
intake.

However, in this study, we didn’t consider the state of
eating, i.e. the amount of unconsumed food for those
with an oral intake. It is therefore difficult to grasp cor-
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Table 3.
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The comparison of physical condition between the thiamin deficiency group and non-deficiency group.

Deficiency group Non-deficiency group Significant
XZ

Number (%) probability
Method of meal intake Oral intake! 42 (100.0) 20 (62.5)
i i 18.80  0.000***
Tube fe.e'dlng and/or 1ntrave.nous 0 (0.0) 12 (37.5)
nutritional supplementation
General appetite Have 39 (92.9) 28 (87.5)
Do not have 3(7.1) 4 (12.5) 061 0.457
Average daily intake Less than 1,000 mL 12 (28.6) 15 (48.4) 301 0.093
amount of water? More than 1,000 mL 30 (71.4) 16 (51.6) ’ '
Walk unaided Possible? 21 (50.0) 6 (18.8) o
Impossible 21 (50.0) 26 (81.3) 7.65 0.007
History of smoking Yes 8 (19.0) 6 (18.8)
No 34 (81.0) 26 (81.3) 000 1.000
History of drinking alcohol Yes 8 (19.0) 6 (18.8)
No 34 (81.0) 26 (81.3) 0.00°1.000
Anamnesis diabetic* Yes 4 (9.5) 4 (12.5)
No 38 (90.5) 28 (87.5) 017 0720
Anamnesis gastrointestinal Yes 8 (19.0) 6 (18.8)
diseases*> No 34 (81.0) 26 (81.3) 0.001.000
On medication Less than 5 kinds 18 (42.9) 13 (40.6)
More than 5 kinds 24 (57.1) 19 (59.4) 0.04  1.000

ncluding food finely chopped or blended.
2Excluding intravenous nutritional supplementation.
3Including light level or mid level help.

4Including current anamnesis.

> Gastritis, stomach ulcer, stomach cancer, etc.

Based on the frequency distribution for all participants’ thiamin concentration, we divided the subjects into 2 groups, those
lower than 20 ng/mL as a deficiency group (n=42) and those higher than 21 ng/mL as a non-deficiency group (n=32).

*p<0.01, ** p<0.001.
Probability was calculated by x? test.

rectly the actual nutritional intake amount. We also did
not consider the difficulty of thiamin assimilation due
to anamnesis or current diseases, so in the future we
need to investigate the individual accurate state of diet
and the influence from the difficulty of thiamin assimi-
lation and accurately consider the causality with the
state of nutrition.

In this study in Table 2, for care degree, bed-ridden
degree and dementia degree, there was no significant
relationship between the level of illness and thiamin
deficiency. As for the cause, it could be considered that
generally people who require a high level of nursing
care would have a higher tendency to be fed intrave-
nously and as a result of that, the level of thiamin con-
centration shows a high value.

On the other hand, on the basis of this result, we con-
sidered physical status comparatively just for those with
an oral intake; however, we were not able to see a signif-
icant difference. Generally when an energetic metabo-
lism becomes active due to exercise, the necessary
amount of thiamin is increased (31). However, research
data supporting this argument is extremely rare and in
this study the subjects were elderly people who require
nursing. We can conclude that their physical activity
didn’t reach a level that would influence thiamin nutri-
tional status. When the views of thiamin metabolism
and its utilization become clear, we can hope for further

insighs.

In addition to this there has been the problem of eld-
erly people lacking nutritional intake such as oral vita-
min. Conventional studies show that for long-term hos-
pitalized elderly patients, the intake amount of thiamin
is extremely low and at the same time, levels of thiamin
in the blood are extremely low (15-18, 32, 33). This is
due to the fact that the amount of elderly people’s food
intake is low when they fail to finish hospital meals, and
this report states that we need to reconsider the nutri-
tional care for elderly hospitalized patients. Therefore,
hereafter we need to make a thorough study of the pos-
sibility of thiamin deficiency, taking into consideration
the method of meal intake. There are also reports show-
ing that individual elderly people’s function levels for
chewing and swallowing influence the nutritional
intake amount (34-37). As a reference, for this study,
we compared thiamin nutritional conditions according
to serving forms (general meal, finely chopped meal,
and liquidized meal); however, we could not find any
significant difference. From now on, we need to con-
sider adding the accurate intake amount according to
chewing and swallowing functions and influences on
thiamin status. Dental loss is thought to be one of the
factors which influence chewing ability. Conventional
studies show that dental loss influences total calorie
intake and nutritional balance (34-37). Therefore, we



Thiamin Deficiency of Elderly People

30 . .
25 * : “ * o
= 20 s o
& & D
m
0 b ®o B o Oy=-01417x+ 23264
b ¢ r=-0.324"
> P<0.01
0 - - - . !
0 10 20 30 40 50 60
Thiamin (ng/mL)
5
4 ” » o
— *
3 3 % o 2 o
3 2 . v = -0.0164x + 38718
a 4 r=-0.348"
< P<0.01
0 - . . .
0 10 20 30 40 50 60

Thiamin (ng/mL)
Fig. 2. The correlation between each nutrition state
and total thiamin in whole blood. ®, Oral intake; <,

Tube feeding and/or intravenous nutritional supple-
mentation.

are planning to investigate the thiamin deficiency of the
elderly in relation to the number of remaining teeth.

It also has been reported that possible causes among
elderly people with thiamin deficiency diseases were
health problems like the over consumption of alcohol,
or anamnesis such as diabetes or gastric resection, or
the administration of multiple medications (9—14). In
this study, there weren’t any significant differences in
these items; however, it is necessary to consider the
relationship between anamnesis and thiamin deficiency
now and hereafter.

From these results, we have confirmed serious thia-
min deficiency for elderly people who require nursing
care, so we should attempt early detection. However,
such detection is very difficult in current circum-
stances.

Firstly, many elderly people who need nursing care
are bedridden or have serious dementia, so it is difficult
for those individuals to complain of neurological symp-
toms or encephalopathy, which are characteristic symp-
toms for deficiency diseases.

Secondly, a general barometer for the early detection
of elderly people’s lack of nutrition is weight loss or BMI
and the values of Alb in the blood (38, 39); these values
do not necessarily correspond to the nutritional state of
thiamin,

In this study, we can show in Fig. 2 that there is a sig-
nificantly negative interrelation between BMI, the value
of Alb in the blood and thiamin concentration. There-
fore we should consider that even though BMI and the
value of Alb in the blood are normal, thiamin deficiency
may still occur.

Hereafter, it is necessary to study various factors in
order to achieve early detection of thiamin deficiency
for elderly people.
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