BDIUSOX INSIEY - G/ 1/900% - Qe g ¥ & 2 SR B Y BN S L1122 T

#HEE ,
m,m o,
(TRF R EEZEL) ERFE R

- (BED AGBOIHOGGEE R
FRI=RU T il i e

UHOUTEAY Y

FHOEAE

%r?&ﬁ%uMMMEM,
\ CEEEY i
, = HEOlEE \ ‘ ‘ = svosgy | L YBHOREREHTY

‘ h\\x\,,_oﬁwwg%
CHIME

W%@Sﬂ
=] i L
RBOSE gee :

CEHBEEY

(ZHFE)Z @@% IR B EERE &

ZRHH
wn@ W—OEFHTEWE

RO

58



OQOFFERZOMAER LRZHEEOEE 22— F (JLACL0) (2T 24F%E

B~ )7 U ERRETHESUE

\\\

HE . HHE O OBE

MgEEs . BAEFEE L. FERZOREHREB LHBEBEOEA=—RNE LT,
KEFRMEEFEZSO JLACIO L ZFHUZHERL L /-2 — RE2BHATAFETHH, K
Fa<i, $FEfE2omEEE CRREROER o— FOZ ML L T, F-

S D R & ARRR & I LT,

AL HFFEERY

ALRY 7 Fa—hOWEE8AN UL, AEEER OO 02 -

REFEE T 0 7T A (LUF, FERED) DRt sh v 1], FERZ O£
BEEERREE ICH DM, EEOMED - REFSEORINT, W@HE ., fRmiE
BR2 LICT U Y= s D, ERRRE IR REEE & F OmkEE O

TR EREEE LT 6T, £, TR EAWTEE DL 0BT
MzBIR2O>0ELHDL, EEOT—4 Y —ZANBNE LTZREDT —F &k
L THEBL T, LnbT—ZORMEZHERT 57201, 7—FDOETFE

Bl GEBT 4+ —< v ) BRDER,

BT +—~ v FOERICRDEE 2— i, AEEBIZE L T B AR
BEFEODO JLACIO (P=A Ty 7T 2) RIZEATLIZEMRELTEY, —
HRBEDOREEE S MBHEEICBE L TH JLACIO IZHEL L7 o — RE R L=,
AR T, FHERZOREED CMZHEAOEBA =— FEHHAL T, PN

%) Fﬁﬂ%/ﬁ & ﬁ@ﬁ%% ;’C%;_%%g [/7%:.0

59




B. WF4ET7 ik

BERZOBREHRE EHZEBIIUTOLIICRESNTND

[HEEA]

O HEAIEAB

HR., (RE, BML, M. Mm/E, RN, iDL 2 v A7 2 — b LDL 2 L AT
m— L AST (GOT), ALT (GPT), v -GT (¢ -GTP), MiEZ L7 F =1 Ik (%
JEWE, BERE) . HbAlc, JREZ

@ FEHnIEH

p=13313

PREE, REA. REML, KRR, ~Er7ver ~= b7 Uy b OLER,
IR

[Ri2HE A ]
O ARFERE

a. MJEE T 5%

b, A AV YRS E T IRMAEE T 53

c. AL AT O—/LETIFAH3K
@ RzErR (BMHim, BMAEZEZ) OBEfE
@ Ll (BeiE. DFFEEZES) DORBEE
@ @A (NLHENT) =T
® IRz B2 BEIICE > TND
® REA 20 RN D 10kg LLEHEIN L 72
@ 1[E 30 5P EO®ES Fan<EBhAH 2 ALLE1FU EBI/oTND

® HEABIZEBWTHTELITENITHE T2 FEEZ 1 B 1R ERZ

60



o TS
@ SITHEENREMERIFERIZ < BN
BT 1 S ORE DO 3kg LL 1 5
@ BV FURVD - RBDLREVBEZN
@ S ErptEa 2 RELUMNICEZ Z L8B3 AU ESH 5
B RESCHEAERZ N
@ PREE Z EBEZD
® 13FE A T3 — VBB A T
HEIR TRELE LN TN D
WEEE OS> b HE, (KE, BUL, B, mE, mpF (FErF) & RIR2HE E I JLACIO
(27272, JLACLO (\ZHEL U 7z =2 — R &k L7z,
C. WFgeis R
JLAC10 1% (1) o= — R, (2) @=— kK, 3) Mila— K, (4) WEE=
— R, (6) FERFN =2 — RS, EF1THTH LT,
R IFREEADOEE 2 — FThd, #Fax LiHR, KRE, BUL. G, M/EiX
9 THELa— FERID BT, mbF (FEFRF) 13580 = — R 1299 12 X v fopF (28
JERE) M B4R LT,
K2IFHPZHEAOHA 2 — FThd, HEROBZIZBWTHBZENKE—INT
Bod, BRULHAZERZLIEMTzFATWAZ L LIELIETHS, 2D
LT —HIZHIETE D L ITHERZOMZIE B OMBEEZ &0 T\ 5,
W E IN TIAE 52— Fa2EID BT, 722 Uil B I3 £#5 = — Fic

BOTOLIZESM. 1LITHE (v, Wz, 1213227 (EEEHT I

61



—) DL IITHRHILTz,

D. &%

FERZOMAER L BEAIZ OV TILACIO IS & S<CHE 2 — REREL
7= HEREZITEEOHBEOSMARHRIC L TRY | ERRERE & @R ek
B, ERRRRE L, ERIEERER L T =20 LV 2B IR O L
BERDDH, Ka— REEAT L5 & T, BERZORELYENEGE D & HIFF
=N,

R BRI TR 20 SEEE D DAKKBPEAN L 72 508, AL T A TEEL LS
MEEE CMREEOEELERE LS DL L THREIND, HEa—NIZDL 7%
RPUZ T VXU T IHIETE D2 L) BREEEZ L ORETHD, Ll IR
LB 2 — RORESIION ) =2 — ROZD HRER S fu, TH R [ O BIEE )
Iz, £, EEEICEIFELVWBENRLND D, 5. BHOSHOR

FAZ GG LAV, A LOREM R E G ZE LN b ERET o8LERH D,

SCHK
(1] BEAZEE DEENMED - RMEEEOED FICET 2 &8 2 BEE
£k http://www. mhlw. go. jp/shingi/2006/06/s0619-5. html

[2] HAREERMEE SRS TJLACIO B Er. http: //www. jscp. org/JLAC10/index. htm

E. W98 3%

L fm CFER 2L

2.5 FEF oL

62



#* 1 EEHE

DI Ea—F

4 43 p JLACT-F
HE S idikiaka aHW | HE [aE [EEa
BE cm & Elcm] 9MO11 10000 000 000 01
m EBr-f[m] 9M012 10000 000 000 01
*E kg & H kel 9M021  |0000 000 000 01
g 5 HE[e] 9M022  |0000 000 000 01
BMI ke/m?  IBMI 9M031 10000 000 000 01
L] cm ] 9M041 {0000 000 000 01
mECEER) (B8 mmHg  ENREEEA1 R H] 9A751 {0000 000 000 01
MEUREE) 2B mmHg M ERGER2EIR 9A752  [0000 000 000 01
MEGEER) 1B mmHg  IMERSRIIEE gA761  |0000 000 000 01
HFEGEES) 28 B mmHg  ||MERES 26 B 9A762 10000 000 000 01
B mg/dl MY YR RIER R R E R 3F015 10000 23 271 01
mg/dl S EUR(UVER) 3F015 0000 23 272 01
HDLOLXF 0=/ mg/dl HDLIL AR50~ )L (IR A ) 3F070 0000 23 271 01
mg/dl HDLIL R F0-JL(UViK) 3F070 0000 23 272 01
LDLAL AFO- )L mg/dl LDLAL XF0O- /L (AT SRR K E R 3F077 10000 23 271 01
mg/dl LDLIL AFA-JL(UVE) 3F077 10000 23 272 01
AST(GOT) 1U/1 37°C JAST[GOT] 3B035 0000 23 272 01
ALT(GPT) 1U/1 37°C JJALTGPT] 38045 0000 23 272 01
Y -GT{y-GTP) 1U/137°C |y ~GTL ¥ -GTP] (A 1B L) 38090 0000 23 271 01
1U/137°C | -GTL 7 -GTPI{UViE) 38090 0000 23 272 01
nEILTF=Y mg/dl L7 F= (M) (FIRR AR ER) 36015 10000 23 271 01
3% (ZERE B) mg/dl T La-2 (g (BREAE) 3D010 {0000 019 261 01
mg/di -2 (i) IR EEE) 3D010_ 0000 019 271 01
mg/d| 4 - (L) (UVik) 3D010 0000 018 272 01
mg/dl 7 oA () (Bl EHE) 3D010 0000 022 261 01
mg/d| J Lo~ () (TR R E %) 30010 10000 022 271 01
mg/dl IV~ () (UViKR) 30010 {0000 022 272 01
I (FHEE) X mg/dl TR () (BEENE) 30010 |1299 019 261 01
mg/d| F - () (IR SR %) 30010 [1299 019 271 01
mg/d| S o= (IR) (UViR) 30010 |1299 019 272 01
mg/d| i a-2 () (B ERIE) 30010 {1299 022 261 01
mg/dl FIILa-R () (AIREEHE %) 30010 {1299 022 271 01
mg/d| 5L a-X () (Uvik) 30010 [1299 022 272 01
HbAlc % FyanEs O v Ale[HbATe] (IA) 3D045  |0000 019 062 02
% H)INES OE Alc[HbATc] (HPIC) 30045 0000 019 204 02
FREE mg/d| PRER (1) 3G020 {0000 23 271 01
FREE F LI~ AEHR) 1A020 0000 001 901 1
RER EEEHEUR 1A010 {0000 001 901 11
REnm RIS (R) 1A100 {0000 001 901 11
FRUONEREL F/mm3 IFRMEREL 2A020  [0000 019 301 01
AESTED g/dl ANESOEY 2A030 0000 019 301 01
ARk % TRk 2A040 10000 019 301 02

X BB hhmmE RIS E

LY D

63




1 B I 1

o P JLACT—F ]
B et AHE Y M LT
BRI (R E) AN gNDOT 10000 600 000 11
et [ESAIAAYA 9NOO2 10000 000 000 11
BEREGQLATO—A) HEL/DNE REEOLATR—A] 9N003 {0000 000 600 11
BEAEEE(NZE ) FLY/LMNE BB 22 ] 9NO5t 10000 000 000 11
BEGEH(LIRE) LN BRI B R E] 9NO52 10000 000 000 11
BB L2) ELV/LNE B EEnE T 2] 9N053 10000 000 000 11
20BNHDRTIE L FLAE : (Okgll bR SIENELY S RE L HER0LE] 9N101 _|0000 000 000 1
Zibiike AEE TR0 NE] 9N102 {0000 000 000 01
B EHoREEE  HO/DLXZ kel EASETEN REZE HRlEeTSH] 9N111 10000 000 000 1
Bt/ Eholl /AL REEL SRR ] gN112 10000 000 000 12
Zibfitke) RE e ZL B (M) 9N113 {0000 000 000 01
EiLEGTIY—) FEE E{eihFIU—[BFEIEM]  loNi14 0000 000 000 [
0] TEL/VBLA  BERS TRy BHE muEE 9N521 10000 000 000 11
2 TOND/ R/ BDIELY Bl R 9N522 10000 000 000 11
(K/H) 2R 2 9N523 10000 000 000 01
(HFIY—) s NS ST Y~ 9N524 10000 000 000 12
] TN ¢ 11305 B2 - EERLE AT 9N201 10000 000 000 11
BEE- -8 9N202 10000 000 000 01
BT =) e nEE HEHTFI— 9N203 {0000 000 000 12
BH(53 /8 - B 9N204 {0000 000 000 01
R TT U~ WhTay— 9N205 {0000 000 000 2
BROBT-BEED UL/ TEIBR ARSI Ny ST BEEN BR 9N211 _l0ooo 000 000 11
(A=) ST BAREL B 9N212 {0800 000 000 01
BT ) BT BREY BELATIV— 9NZ13 _ [0000 000 000 12
HITRE ZU/OVE : BIERERKYDE VLTI BT 9N221 {0000 000 000 11
LN EEL BITEE AR 9N222 {0000 000 000 12
BN EL/VDLA  BRD-FARVD -EASBOVES NI [ Bl 9N301 _ |0000 000 000 11
[OE- 0N TZLAMNE R HE 9N311 10000 000 000 11
BEBREOD s B 9N312_ 10000 000 000 o1
BT Bl BEhTIY— 9N313 10000 000 000 12
(DEARL LOAANNT FARL HE 9Ng2t 10000 000 000 11
OB AT GRS HE 9N331 10000 000 000 11
BEVIE /DR BUVESIETIEN BELIR HE 9N401 10000 000 000 11
SE(H/E) BELYR BE 9N402 10000 000 000 01
BBREGRTIY ) BENS R BEATIU— 9N403 10000 000 000 12
HR-HE TEL/LMNA - BOEDIET LY ZR-ME AR 9N411 {0000 000 000 11
HEENA) ia-ma SE 9N412 10000 000 000 o1
SBEGTIY—) Ha-EE BEHTIY— 9N413 10000 000 000 12
BT EL/DE : BVELIETELY GRRHE RS 9N421 10000 000 000 11
SE(E/AE) SAahE S 9N422 10000 000 000 01
SBEGTFIY) S HEAENTI)— 9N423 10000 000 000 12
] IFVD/VOE BEEBBRASIET L B ANE 9NS01 10000 000 000 i1
SAE(B/E) B EE 9N502 10000 000 000 01
HEGTFIY—) B EEENFIY— 9N503 10000 000 000 12
RE/8) B SUED 9N504 10000 000 000 01
B|HFIID) B ERENTIY— 9N505 10000 000 000 2
BEER - R 3E EO/OE - BENTLALSIEETNIIN EEER - K3 R 9N231 {0000 000 000 11

64



@ 2 [EHIE DY B N2 BE T DT

e
7 PR

ABFZEER) 1. —fREZICISIT A MUE 2 [BRRIE OSEE

2. 2 [EORIE DA FIEZ L D EIIEDOHEFRRDO BN
(D) 1 [EIE#E
(2) 2 [\BE
(3) UHEHAIMEDMERY M E 9 5
(4) VEERHAIMAEDMEL ME S 5L
(5) 2 [ElDIE

B G- ik BERENTEAESE S 2004 SEE RG22 147, 449 & A Ge L L 2 [l
JEAHIE LT
CiER . REEEZI BN T 2 [BRRE OB 15. 4% TH D (R 1)

7171 LR KD e 5

2. 2 H ZZFEHTI 1 BIEEELICT A & BEORRRNE
<725 (FE2)

D i RSB TILE 2 [ERAIED NS Z b T D56,
LRI 720 28092 2 & IEm M EDO B ROBERFHUII D73 5

55 iR EREET & 0 b

I HATEBERESRE T s (1979 4468
[FIRFICERE L C 2 [BILL EmMEAHIE Lz & &3
REEDE D HEATT 5 (HEE OfED,
DN BDED H ABWE S 0 E)

2. miEsEs (2004 56
1~2 5y DRI Z B\ CREEENIE 2 HIE LT,
ELTAE GUEEDZE) SmmHg A 27~ L7
2@@$ﬂ@%mﬁﬁkiéo

708, FENERFIMEICOWTCIE, 1 ETHEE
PinE LTnWA,

65



%LLE L26¢ %081 1901 %6°9¢ L8Y¢ %L'9¢ Gove %E9¢ A IR ANAY +09
%€ 6096 %Gl 2629 %0 y8¢e8 %0661 L¢¢8 %8'9¢ el 6Evly  65-Gv
%06 y66v %6'G 1Gee %LL 327472 %9'L 681y %11 8919  LL¥SG  ¥¥-0C
%8¢ GGl %L vIL %0¢ 918 %61 608 %0 €e9l  L0€1v 62—
%LCH §8981 %18 BI6LL %801 89651 %901 98961 %G1 LLzee  evvivl YIS
KECENTH FECENT)
1 O 2(¥) G UTHE T (V) TR (€) LHHEIE ¢ (@) FEEBE L) BY %
w=HBOHME 7F
%6'Le 966 yeve %L ¥ [474 8086 %9°9¢ TARS FANAS] +09
%801 JAio14 18161 %0'1€ 18 8G¢9¢ %8G l0L0L  eEvlY 65-G¥
%9'G €L01 71061 %€l 9708 LG¥9E %011 6119 LLPSS y-0¢
it 6911 98¢¥¢ WL y0El 1201 %09 ELve LOELY 6¢-
%6 GGLS 60619 %861 L9l Ppaa8 %P6l 699¢¢  6¥bLVI wE
HEe HE! HEle EE! HEc HME!
Fx FIEE WS e

YROYEI L

66



@aL AT m—/L, IDL-a L AFa—/LD A HAXT (|2 5 5 EUER & HiFE
(2B DS

MR E
BMI & a VAT a—/UIELL M - FOEEEZZITHN, 20O L5 72MA
ERZBE L7 BMI & 2 L AT 0 —/LOBRITHRE S TuhRn,
T T, 2001 FOEMERZOT —F (B 337690 4. it 293918 4) %
WT, BERDOEANIBIT A - & - BMI Blloa L AT o —L L-ULZ2E L
710

DOFER, ¥arA7r—/ (TC) & LDL =25 rz—/ (LDL-C) 3¢5
6 b, FAMETIEL 50 5%, ZMETIX 60 mE T, FliCkFE LTl LE, BEE
JHAHTIcB VN T, TC & LDL-ClEEbLhy, T _TOEM 2/ /L—7T, BMIIC
KA LTI LTz, 7272 L, BMI OEUFERET 60 7% £ ClEEER 7 L — 7138
¢é<\%ﬁﬁﬁ2mmhm%W~7\ﬁ@fiﬂﬁ9m?W“7TWﬁT%o
Teo BYAT 4w ZERHITIZHBNT, @2 L A7 r—/LifE (TC : 240mg/dl
LLE, LDL-C : 160mg/dl LA E) OFR#EA » XL A FE L7=fE R 5 & B OH
RAANEY gl
bbb ma b A7e—/VllE%E THT 2REREILE < ICEEFITBWTE)
REOTH Y | BMETIL 40 mR, LTI 50 RN EE /X —7 v Mok
HEEZ LN,

BRI TIORTRELRICEH L TH LB Th 5,
hoe sk

1 fm3LF K : Suka M, Yoshida K, Yamauchi K : Impact of body mass index cholesterol levels of
Japanese adults. [JCP 2006; 60: 770-782

67




ORIGINAL PAPER

doi: 10.1111/j.1368-5031.2006.00946.x QA%\
\ﬁb L%
&

Impact of body mass index on cholesterol levels of Japanese adults

M. SUKA,! K. YOSHIDA,' K. YAMAUCH!?

! Department of Preventive Medicine, St Marianna University School of Medicine, Kawasaki, ?Japan Association of Health Service,

Tokyo, Japan

SUMMARY

There have been few studies that examine the relation
between body mass index (BMI) and cholesterol in con-
sideration of potential interactions between age, sex, BMI
and cholesterol. We determined age-, sex- and BMI-speci-
fic cholesterol levels of Japanese adults using the 2001
health examination dara (337,690 men and 293,918
women). Both total cholesterol (T-C) and low-density
lipoprotein cholesterol (LDL-C) levels increased with age
until 50 years of age in men and unul 60 years of age in
wormen. Linear regression analysis showed significant BMI-
dependent increases of T-C and LDL-C in all age groups,
bur the regression coefficients of BMI in relation o T-C

and LDL-C became lower in older age groups undl
60 years of age, with the highest value at ages 20-
29 years in men and at ages 30-39 years in women. This
result was consistent with the result of multiple logistic
regression analysis regarding the risk of having hypercho-
lesterolaemia. Weight reduction should be more strongly
recommended to younger people, especially men aged
under 40 years and women aged under 50 years, to prevent
developing hypercholesterolaemia.

Keywords: Cholesterol; body mass index; age distribution;
sex distribution

© 2006 Blackwell Publishing Ld

INTRODUCTION

Hypercholesterolaemia is a main contriburor of atherogenesis.
In order ro reduce morbidity and mortality from cardiovas-
cular disease, it is important to maintain a desirable choles-
terol level (1).

Sex hormones play a role in cholesterol metabolism (2,3),
which results in significant differences in cholesterol levels
between men and women (4-8). Population-based cross-
sectional studies have shown a significant impact of age on
cholesterol levels in both sexes, but more markedly in
women (4-8).

Overweight and obesity are associated with increased risk
of cardiovascular disease (9). It is thought thar ar least part of
the increased risk of cardiovascular disease is explained by the
effect of overweight and obesity on cholesterol merabolism
{1,9). Many investigators have reported that cholesterol levels
increase with body mass index (BMI), which has been used as
a measure of overweight and obesity (5,10-14). The distribu-
tion of BMIL, as well as cholesterol, may depend on age and
sex (10,14-16). However, there have been few studies that

Correspondence to:

Dr Machi Suka, Department of Preventive Medicine, St Marianna
University  School of Medicine, 2-16-1 Sugao, Miyamae-ku,
Kawasaki, Kanagawa 216-8511, Japan

Tel: + 81 44 977 8111

Fax: + 81 44 977 8356

Email: suka@marianna-u.ac.jp

examine the relation becween BMI and cholesterol in con-
sideration of potential interactions between age, sex, BMI and
cholesterol. The impact of BMI on cholesterol levels may
probably be under- or overestimated, when the effects of age
and sex on the relation between BMI and cholesterol are not
included in the analysis. Overweight and obesity can be
modified through lifestyle therapy (9). A proper understand-
ing of the relation berween BMI and cholesterol may con-
tribute to improving hypercholesterolaemia and consequently
promote the prevention of cardiovascular disease. In this
study, we determined age-, sex- and BMI-specific cholesterol
levels of Japanese adults using the 2001 health examination
data. The impact of BMI on cholesterol levels was evaluated
separately for age and sex groups to examine the effects of age
and sex on the relation between BMI and cholesterol.

METHODS

Multiphasic health examinations are annually performed
according to the law in community and worksite in Japan.
Electronic data of the health examinations in the year 2001
were accumulated from 24 different prefectural health service
facilities affiliated with the Japan Association of Health
Service  (hup://www.yobouigaku-chuo.orjp).  Database
included age, sex and the following laboratory data: heighr,
weight, blood pressure, total cholesterol (T-C), high-density
lipoprotein cholesterol (HDL-C), wriglyceride, blood glucose,
uric acid, haemoglobin and liver function tests (17). This

study was approved by the ethics commitee of St Marianna

@ 2006 The Authors
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University School of Medicine in March 2003 and has been
conduced in accordance with the guidelines for epidemiolo-
gical studies by the Japanese Ministry of Health, Labour and
Welfare and the Japanese Ministry of Education, Culture,
Sports, Science and Technology.

Eligible 631,608 adults (337,690 men and 293,918
women) aged 20 years or older, whose blood sample had
been raken in the fasting state, were included in this study.
Height and weight were measured according to a standard
protocol with participants standing without shoes and heavy
garments. Cholesterol concentrations (T-C and HDL-C)
were determined by the enzymatic method on the day of
blood collection in cach health service facility of the Japan
Association of Health Service, but internal and external qual-
ity control of laboratory dara has regularly been performed in
the health service facilities as instructed by the expert com-
mittee for dara standardisation (17). In the recent quality
control survey, the coefficients of variation for T-C and
HDIL-C are around 1 and 1-3%, respectively (18). Low-
density lipoprotein cholesterol (LDL-C) was calculated using
the Friedewald formula for samples with wiglyceride
<400 mg/dl (4.52 mmol/l): LDL-C = T-C-HDL-C-uigly-
ceride/5 (19). Hypercholesterolaemia was defined as T-
C > 240 mg/dl (6.20 mmol/l) or as LDL-C > 160 mg/d!
(4.13 mmol/l) (1). BMI, which was calculated as weighe
(kg) divided by square of height (m?), was classified as under-
weight (—18.5), normal (18.6-24.9), overweight (25.0-29.9)
and obesity (30.0+) (9).

The #tests and the analysis of variance (aNOVA) were used
to assess statistical differences between the mean values. The
y -test was used to assess statistical significance in the pre-
valence values. The relation between BMI and T-C as well as
BMI and LDL-C was evaluated using linear regression models
separately for age and sex groups. Moreover, odds ratios for
having hypercholesterolaemia were calculated using multiple
logistic regression model with age and BMI groups as the
independent variables separately for men and women; in the
first stage, 28 age and BMI groups were the independent
variables with normal weight subjects aged 20-29 years as
the reference; in the second stage, the analyses were repeated
separately for age groups, and 4 BMI groups were the inde-
pendent variables with normal weight subjects of the same
ages as the reference. Probability values were two-tailed and a
value of p < 0.05 was considered significant. Confidence
intervals were estimated at the 95% level. All statstical ana-
lyses were performed using the Statistical Analysis Systems
(sas, version 8.2).

RESULTS

Figure 1 shows the distribution of BMI. The distribution of
BMI was significantly associated with age in both men and
women, but the age-dependent pattern differed berween

© 2006 The Authors
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sexes. In men, the prevalence of overweight plus obesity was
over 30% for ages 30-69 years and decreased with age after
70 years of age. The prevalence of underweight was in the 3%
level for ages 30-69 years and increased with age after
70 years of age. In women, the prevalence of overweight
plus obesity was 7.4% in the group of 20-29 years
and increased with age up o 30.6% in the group of
70-79 years. The prevalence of underweight was 25.7% in
the group of 20-29 years, decreased with age up to 4.8% in
the group of 60-69 years and gradually increased after
70 years of age.

Table 1 presents the means and prevalence of hypercholes-
terolaemia for T-C. The mean T-C levels significantly varied
according to age in both men and women. In men, the mean
T-C levels increased with age up to 207 mg/dl (5.35 mmol/l)
in the groups of 40-49 and 50-59 years and gradually
decreased after 60 years of age. In women, the mean T-C
levels increased with age up to 222 mg/dl (5.75 mmol/l) in
the groups of 50-59 and 60-69 years and gradually decreased
after 70 years of age. The prevalence of hypercholesterolaemia
(T-C > 240 mg/dl, 6.20 mmol/l) showed the corresponding
age-dependent pattern, reaching the peak at ages 40-49 years
in men (16.3%) and at ages 50~59 years in women (29.2%).
The age-dependent increase of T-C was more pronounced in
women than in men. Consequently, men had significantly
higher T-C levels than women for ages 20-49 years but
significandy lower T-C levels after 50 years of age. As
shown in Figure 2, the distribudon of T-C was shifted
towards higher values in higher BMI groups in both men
and women. The mean T-C levels and the prevalence of
hypercholesterolaemia significantly increased with BMI in
all age groups, bur the BMI-dependent increase of T-C
became smaller in older age groups in both men and women.

Table 2 presents the means and prevalence of hypercholes-
terolaemia for LDL-C. Similar o T-C, LDL-C showed sig-
nificant relations with age and BMI in both men and women.
In men, the mean LDL-C levels increased with age up to
125 mg/dl (3.23 mmol/l) in the group of 50-59 years and
gradually decreased after 60 years of age. In women, the mean
LDL-C 139 mg/dl
(3.59 mmol/l) in the group of 60-69 years and gradually

fevels increased with age up to
decreased after 70 years of age. The prevalence of hypercho-
lesterolaemia (LDL-C > 160 mg/dl, 4.13 mmol/l) reached
the peak ar ages 50-59 years in men (13.4%) and at ages
60~69 years in women (23.1%). Men had significantly higher
LDL-C levels than women for ages 20-49 years bur signifi-
cantly lower LDL-C levels after 50 years of age. As shown in
Figure 3, the distributison of LDL-C was shifted towards
higher values in higher BMI groups. The mean LDL-C levels
and the prevalence of hypercholesterolaemia significantly
increased with BMI in all age groups, but the BMI-dependent
increase of LDL-C became smaller in older age groups in

both men and women.
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Men
Age

2029

30-39

40-49

50-59

6069

70-79

80+

H i 1 i

0% 20% 40% 60% 80% 100%

l  Underweight  {T] Normal Overweight B Obesity ‘

Age Women

2029

30-39

4049

50-59

60-69

70-79

80+

1 i i ! )

0% 20% 40% 60% 80% 100%

Figure 1 Distribution of BMI. BMI:
underweight —18.5; normal 18.6-24.9;
overweight 25.0-29.9; obesity 30.0+

Bl Underweight  [[] Normal Overweight B Obesity 1

Table 3 presents the regression coefficients of BMI in relation  with normal weight subjects aged 2029 years as the reference
to T-C and LDL-C, which indicate a predicted increase of T-C {upper side) confirmed the age- and BMI-dependent increase
(mg/dl) or LDL-C (mg/dl) for each unit increase of BMIL The of the prevalence of hypercholesterolaemia, what was elicited

regression coefficients were estimated at significantly positive  from the descriptive analysis (Table 1). Women had higher
values, which indicate the BMI-dependent increases of T-Cand ~ odds ratios than men acr the same age and BMI groups,
LDL-C, in both men and women, but the regression coefficients ~ because the prevalence of hypercholesterolacmia of the refer-
for men were higher than those for women in all age groups. ence was considerably low (2.8%). In order to clucidate the
With the highest values at ages 2029 years in men and at ages  interacting effects of age and BMI on the prevalence of
30-39 years in women, the regression coefficients became lower  hypercholesterolaemia, the analyses were repeated separately
in older age groups until 60 years of age in both men and women. for age groups. The estimated odds ratios (lower side) showed

Table 4 presents the odds ratios for having hypercholester-  the BMI-dependent increase of the prevalence of hypercho-
olaemia according w the T-C value (>240 mg/dl, lesterolaemia with a tendency to decrease with age undil
6.20 mmol/l). The estimated odds ratios from the model 70 years of age in both men and women.
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Men
14%r 240 mg/di
(6.20 mmol/l)
12%1
10%
8% —— Underweight
- Normal
6% —e- Qverweight
—o— Obesity
4%
200 mg/di
2% (5.17 mmo!/l)
0%, * At -
QO O QDO OO DD P D DD DPAD D DD D
N b A N 1 N
2 o’\%m’\{bs’\ 0/\6)0’\%0’\ Q/\%o’\qq’q’g o’q’ Q/&Q"{’b Q’Q' Q/(ﬁ)e/(&o’,\c’(ib 0’@0’% c’rgb ‘5"9
FFITFTETTFTETFF T T T T F S
Total cholesterol, (mg/di)
Women
14% 240 mg/di
(6.20 mmol/l)
12% 1
10% 1
8% F ~e— Underweight
~»— Normal
6% —eo— Overweight
—o— Obesit
4%
. 200 mg/d|
2% (5.17 mmoll)
Figure 2 Distribution of total cholesterol 0% L e : d
. < ) ] ]
by BMIL BMI: underweight —18.5; nor- x RV /\%Q/\bi/@z/\bq’ 22 ,\‘b /\Q‘Q/Q’ q:\% ,ﬁbz/ o Q/Q/b‘ qfaq ﬂg)g/q’/\z/@q o /(b\z/fb‘bq’(b@x
mal 18.6-24.9; overweight 25.0-29.9; & W FLES (iz, o ,5)0({/\ ® ngg ,bQQ P

obesity 30.04-. To convert cholesterol to
mumol/l, divide values by 38.7

Table 5 presents the odds ratios for having hypercholester-
olaemia according to the LDL-C value (>160 mg/dl,
4.13 mmol/l). The estimated odds ratios were slightly higher
than those shown in Table 4, but the two odds ratios indi-
cated similar interacting effects of age and BMI on the pre-
valence of hypercholesterolaemia.

The prevalence of hypercholesterolaemia according to
the T-C of T-C > 240 mg/dl,
6.20 mmol/l) was higher than that according to the LDL-C
value (i.e. percentages of LDL-C > 160 mg/dl, 4.13 mmol/l).
The differences between the two percentages were more

value (i.e. percentages

pronounced in underweight subjects, who had higher HDL-C
levels than normal, overweight and obesity subjects; the mean
(:5D) HDL-C levels in the underweight, normal, overweight
and obesity subjects were 63.3 (£16.0), 57.5 (£14.4), 50.8
(£11.9) and 47.4 (£10.4), respectively, in men (p < 0.001
with anova) and 71.8 (15.0), 65.8 (:14.7), 58.8 (£13.1)
and 56.1 (£12.0), respectively, in women (p < 0.001 with
ANOVA).

© 2006 The Authors

Total cholesterol, (mg/dl)

DISCUSSION

We determined age-, sex- and BMI-specific cholesterol levels of
Japanese adults using the 2001 healch examination data. The
distributions of T-C and LDL-C as well as BMI depended on
age and sex. Increased T-C and LDL-C were significanty asso-
ciated with increased BMI in both men and women. When the
impact of BMI on cholesterol levels was evaluated separately for
age and sex groups, it was estimated greater in men than in
women in all age groups, and greater in younger age groups in
both men and women. These results indicate significant effects of
age and sex on the relation berween BMI and cholesterol. For an
accurate estimate of the impact of BMI on cholesterol levels, it is
necessary that the effects of age and sex on the relation between
BMI and cholesterol should be included in the analysis.

The WHO MONICA Project examined the relationship
between age, sex, BMI and hypercholesterolaemia using
pooled data from 27 populations aged 25-64 years in 15
countries (14). Multiple logistic regression analysis showed a
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Figure 3 Distribution of LDL cholesterol
by BMI. BMI: underweight —18.5; normal
18.6-24.9; overweight 25.0-29.9; obesity
30.0-+. To convert cholesterol to mmol/l,

divide values by 38.7

{Cls) of BMI in relation to roral cholesterol and LDL cholesterol

Men Women
Age 3 (95% C) 2(95% Cl)
Total cholesterol 20--29 2.80 (2.70-2.90) 1.30 {1.18-1.42)
30-39 2.70 (2.60-2.75) 1.70 (1.62-1.80)
40-49 2.19 (2.12-2.27) 1.48 {1.40~1.55)
50-59 1.72 (1.64~-1.80) 0.89 (0.82-0.96)
60-69 121 (1.11~1.32) 0.47 (0.38-0.55)
70-79 1.23 (1.09-1.37) 0.61 (0.50-0.72)
80+ 1.69 (1.37-2.00) 1.01 (0.77-1.26)
LDL cholesterol 20-29 2.52 (2.43-2.61) 1.74 (1.64-1.84)
30-39 2.37 (2.30-2.44) 2.10 (2.02-2.19)
4049 2.09 {2.02-2.16) 2.02 (1.95-2.08)
5059 1.86 (1.79-1.94) 1.43 (1.36-1.49)
6069 1.48 {1.38-1.57) 0.79 {0.71-0.87)
70-79 1.58 (1.46-1.71) 0.79 {0.69-0.89)
80+ 1.98 {1.70-2.25) 1.08 (0.87-1.29)

Regression coefficients indicate a predicted increase of total cholesterol (mg/dl) or LDL cholesterol (mg/dl) for each unit increase of BML
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Table 4 Odds ratios (ORs) with 95% confidence intervals (Cls) for having hypercholesterolaemia (I'C > 240 mg/dl, 6.20 mmol/l)

Men Women
Underweight ~ Normal OQuverweight  Obesity Underweight — Normal Overweight Obesity
OR OR OR OR OR OR OR OR
Age (95% CI) (95% CI) (95% CI) (95% CI (95% CI) (95% CI) (95% CI) (95% Cl)
20-29 0.24 1.00 3.41 6.14 0.74 1.00 2.48 4.92
(0.14-0.41)  (reference) (3.01-3.87)  (5.18-7.29) (0.60-0.91) (reference) (1.94-3.18) (3.59-6.75)
30-39 1.03 3.29 7.41 9.69 1.43 1.66 4.38 6.60
(0.81-1.32) (3.01-3.60)  (6.76-8.11) (8.63-10.88)  (1.22-1.67) (1.48-1.87) (3.78-5.07) (5.38-8.10)
40-49 1.68 5.35 8.94 10.49 3.08 4.22 7.52 9.09
(1.38-2.04) (4.91-5.82)  (8.19-9.75) (9.36-11.76)  (2.69-3.34) (3.81-4.68) (6.72-8.41) (7.85-10.33)
50--59 2.76 5.57 7.84 7.39 9.97 14.10 17.18 16.68
(2.36-3.22) (5.11-6.06)  (7.18-8.56) (6.45-8.48) (8.85-11.24)  (12.74-15.59)  {15.48-19.08) (14.62-19.02)
60-69 255 4.60 5.32 5.50 9.12 13.93 15.44 12.63
(2.08-3.11H) (4.21-5.03)  (4.84~5.85) (4.53-6.67) (7.95-10.47)  {12.58-15.43)  (13.89-17.16)  (10.97-14.5%)
70-79 2.14 3.28 3.99 4,97 6.96 9.69 10.58 9.01
(1.71-2.67) (2.98-3.62)  (3.55-4.48) (3.63-6.82) (5.95-8.16} (8.72-10.76) (9.46-11.84) (7.54~10.77)
80+ 1.00 213 3.37 6.02 4.68 6.97 8.86 10,77
(0.64-1.69)  (1.81-2.50) (2.63-4.32) (2.50-1447) (3.58-6.12)  (6.12-7.93) (7.50-10.46)  (7.28-15.93)
20--29 0.24 1.00 3.41 6.14 0.74 1.00 2.48 4.93
(0.14-0.41)  {reference) (3.01-3.87y  (5.18-7.29) {0.60-0.91) {reference) (1.94-3.18) (3.60-6.75)
30--39 0.31 1.00 2.25 2.95 0.86 1.00 2.63 3.97
(0.25-0.40) (reference) (2.14-2.37) (2.70-3.22) {0.75-0.98) (reference) (2.33-2.98) (3.29-4.79)
40-49 0.31 1.00 1.67 1.96 0.73 1.00 1.78 2.15
(0.26-0.38)  (reference) (1.61-1.74)  (1.81-2.13) (0.66-0.81) (reference) (1.68-1.89) (1.92-2.41)
50-59 0.50 1.00 1.41 1.33 0.71 1.00 1.22 [.18
(0.43-0.57) {reference) (1.35-1.46) (1.19~1.49) (0.66-0.76) (reference) (1.17-1.27) (1.08-1.29)
60-69 0.55 1.00 1.16 119 0.66 1.00 1.11 0.91
(0.46-0.67)  (reference) (1.09-1.22)  (0.99-1.43) (0.59-0.72) (reference) (1.06-1.16) (0.82-1.01)
70--79 0.65 1.00 1.22 1.51 0.72 1.00 1.09 0.93
(0.53~0.81) (reference) (1.10-1.34) (1.11-2.06) (0.63-0.82) (reference) (1.03-1.16) (0.80-1.08)
80 0.49 1.00 1.59 2.83 0.67 1.00 1.27 1.55
(0.30-0.81)  {(reference) (1.21-2.08)  (1.17-6.86) (0.52-0.87) (reference) (1.09-1.49) (1.05-2.28)

ORs with 95% Cls in the upper side were calculated using the model with normal weight subjects aged 20-29 years as the reference. The analyses were repeated

separately for age groups. and ORs with 95% Cls in the lower side were caleulated using the model with normal weight subjects of the same ages as the reference.

significant negative interaction between age and BMI on the
risk of having hypercholesterolaemia (T-C > 6.5 mmol/l) in
both men and women. Adjusted odds ratos for having
hypercholesterolaemia significandy increased with BMI in
men aged 25-44 years and in women aged 25-49 years, but
the BMI-dependent increase was smaller (or not significantly
observed) in older age groups. The study subjects of the WHO
MONICA Project consisted of western populations except for
the population of Beijing in China. The prevalence of hyperch-
olesterolaemia as well as overweight and obesity was remarkably
higher than that shown in our study. Despite these differences
in population, the findings of our study were consistent with
the findings of the WHO MONICA Project. The effects of age
and sex on the relation between BMI and cholesterol may be of
universal application independently of population.
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Linear regression analysis showed significant BMI-dependent
increases of T-C and LDL-C in both men and women, but
the regression coefficients for men were higher than those for
women in all age groups. The impact of BMI on T-C and
LDL-C levels may be greater in men than in women.
Menopausal status is an important determinant of cholesterol
level of women (20,21). Although information on menopau-
sal status was not included in the analysis, the result that
women had significantdy higher T-C and LDL-C levels chan
men after SO years of age may be explained by the effect of
menopause on cholesterol metabolism racher than the relation
between BMI and cholesterol. Compared with western coun-
tries, hormone replacement therapy is not so commonly used
in Japan (22). Thus, the findings of this study are unlikely to
be affecred by the use of hormone replacement therapy.
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