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THE IMPACT OF INDOOR TEMPERATURE ON HOME BLOOD PRESSURE
BASED ON A MULTILEVEL MODEL

A field survey on the effect of indoor thermal environment on blood pressure in winter (PartII)
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WEOPEE ORI, K BRI, ORI BT

Wataru UMISHIO, Toshiharu IKAGA, Shintaro ANDO
and Kuniaki OTSUKA

This study aimed to clarify the compositional and contextual effects of indoor temperature on blood pressure (BP). These effects are

respectively defined as the increase in BP per 1°C decrease in indoor temperature on a particular day and the increase in BP per 1°C decrease

in average indoor temperature of houses based on a multilevel model. Measurement data were collected through field surveys in winter

(2012-2014). Both effects were significant, and the sum of the effects was 0.57 mmHg/°C for morning systolic BP and 0.43 mmHg/°C for

morning diastolic BP. Also, the interaction between age and temperature was significant.

Keywords : Home blood pressure, Indoor thermal environment, Field survey, Multi-level model, Repeated measurement, Contextual effect
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EEERNCAR T 5] &0 9 BEERSE Do m R 5, DBP IX4ER
L REMOBEBRTRVWI ENEREZZ DD, 20D, K1,
2 |Z4:#n & SBP,/DBP ORIfR A R7, HHn& SBP OBRTIE, —
Y& RO R O M BIMREUC B £V DR S LA dv o T2 8,
DBP (2 L CIE kIR OS TiX R 0 28 B < BRI R & 2p2s
DR STz, - C, Ml (T3F) bAAIEHE LTRAT D
LET 5,

FEMEERORRICOWT, MEEOMICHELRAOMBEN
TR S, B b BRI DHHEA K & 7e o> 7o i, M ERE RIS
BREE SN TV ERORRTH -7, M), AARIEICOWTIRE
LOMICABRMBENE SN -T2, 2 LY, mEFIRIE X
D BTN OIRBSRE & OBRS RV ATREME DRI ST,
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®5 HHAZMERTOMEEST EERKOETED 0.40 ULDEHDA. £T p<0.01)

A2 1 A2 5k 2 FRBI R %L A2 1 255k 2 LS
IS hE=Si JER N A LIRS .74 EEER kA LS .54
PER WA N .68 WAL T AR 51
FEEER R = R 2 —.63 PERI] B .46
JE R IR = JEE N VIR S .60 HE=Si SR E IR 2 .44
R LS AR .59 e = EEER .43
£6 XILETIOHRANEELETHA 0TI b #% p<0.01 .
mE

[ 2 25 ) 133 1 o 79.9 0.7 s
Dy 98.4 2.5 s 37.9 1.0 o
2R gh
IR o4y 231 26 Wk 90.6 10.1 sk
AR R F HE(ALC) 2.54 X104 2.22 X104
FEE 3,331 3,331
AN FEBIICC) 0.701 0.705
FHAL 2T 2 b 14.1 14.2

4.2 SEAZHMREI L OEESHED

ETMCERAT DHHEEMORBGREZHER L, ZEILHRIEEZZE
T o728, MHBSHT & Fl U7z, FABIRES AR T 0.40 DL & 72
STZEROM AR 5 12T (HEAREZEROFER 8 1257T),
P & WERJEE | BT A 0D TR LS AR S AL 7 B\ BE 1 5B LS TR |
BOEE 3% <. LI | BT R L < G ENIZZDTH
HEEZBND, L R 24 4 [FERMEHE - Seid ] Yo
HEE—HTHERTH o7, ERROBAEEII T OB RIRE
ALRWE D REENME L 702, Fio, KEREOBRLEMIEE
ZOMITTRWAHBI IR AR S iz, FIROEO S5, 4.1 HT
ME & OFEBRE N IR TH - T NEM b1 VIREZE ) 0 —0.27
Tholeh, JEHEIR L ROHBRRICH v | JE =R 2 I 225
& LT R B BT OFE R FHBIR IS —0.12 & /&< Zp o7z, Bl S|
SRR PNEN R L 720 | BEHBERAEC T e b o bR S
D, fEo CLABEDHTClE, JEE b A LIREE IR CTILE & OF
BN R ThH o7z TEM=ER] 2 RBEOBEE T2,
4.3 JVETILDERICE D T—2OEBHEORER (R6) 9
Wb ICHANABIER SR (ICC) 9, T A =T =y REOEHIN
TT— X OMEBIEOMGRZIT S, 20 24EEH T 5720, B
ZEBAT IR IR O UHE R, IEIR I E 2 BN U, SRR A L7
WXVET VR L, S A RO TSR AR 6 1TRT, RIREF
DIEDOFRANFBNZ 0.5 & LY | {E AT AMEANNESR) (02
) Lo REWEWVWIRIRTHoT, T, TS 2T 2T M
2.0 #REL LEED Z NS, MAOT —FITHEEMERRD HNLD
SZPEDARGE %72 L TWRWYY) ZE BRI, v/ F Lb
ETNOMANBRERINDT =2 ThbHZ EBERINT,
4.4 ZRETILOBREED

2 SO HIZEH (ZRFED SBP,/DBP) OZZEAN LTz XVET
Jb (3 6) 1T LTI A Z AL, IiET VOME LT 7,
ZOFNEE L TIRT 19,
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—1 0 1 =R
B3 HEHR. BAPREARDR
OEEBFET WIC Level- 1 OitAZEIREGAT, TV H LA 4 —

7 NET D EHEE,

QLB FE N Level-1 OFRIAZLE x DRI O 01K, U1 & 475k,

BEBOISWAEEAN LT v F LA n—FEF AT EHEE,
@ E I Level-2 OFAEHAZEA L, I O5rida 9,
@OREENEIZ Level-1 OFLHIZEE x & Level-2 OFtAE% z 7 1

AZAREELZHAEREAZEA L, x DR S,

EFIVCHEAT BB EIE, 4.1 EOMBST CLE & ORI
1%KHETH B RGOS HGE SN A KD 5 B, 4.2 HTH
AL o BB HRE S, ZEERMERE T SRR E W,
(W28 | TREBEEE | #BR< &%k L, SBP/DBP WIhoET L
IZBWTH, 10%KETHE TRWERE 1 2T 2RI 2 HIET
REETVEME L, Epidomy | s\ L Tk =
Rl ZREREL L T0D, RATIHHEKICR L TE, Tk
a7 (FiMb) E9%4T, Level-1 (M AWNZLS) & Level-2
(FARIZES) 258U LT, ZRENOmEIFRELOHEE it %
FHT 272D OBEEE L T\ 5, Ei2, TF L OHEEIZIL TREML
(HRIBRAS & Fe B2 75) | 9% vz,

ZIT, FROMROGFEICOWTERD, TR LSO E
R OHEEMIIA AL ORI RE A . ERDRITA & &3
AR DS EH, kOENL OIS AE R LTS, Fio, LD
PO, BBRIA, STIREIRIZ SOV T BITR T, MEC s
TOHEIMDOEELH L LeGa . THRANZIER] X, JIRERNICE TS
FROBRERT, ZHEHDIHEED, ICRVEIR T TOME
LOELIRTE B, 2K L, THRMEZE 13, M2HFMICBT
LB RBODREER T, Thbb, FHREN 1'CRALLGHE
MO MTEDO O£ E U THRIRTE 5, ki [SURE] 13,
KREOAFEOBWRMDOEELIHI Lz LT, MLEO YRR M
JEICH 2 D BORE S &R, TiE, FH=EIERD ICRRDE
FIED 2 AOXRFE DR CHEIR FICBT 2 MEEEMREND,



®1 ERFOINESRIGRHMEDSZHERETIL (P TILE - 3,331)

* p<0.05, ** p<0.01

- YR — 131 3 o 83 2 o

HEfip i3] 0.42 0.09 o —0.044 0.059 n.s.

Flin (Z3R) [%12 —0.0057 0.0046 n.s. —0.013 0.003 el

[ Level-2 PERI 0) Ztk, 1) Bk 6.9 2.0 o 4.3 1.4 i

E AL~V BMmT [kg/m2] 1.2 0.4 o 0.36 0.24 n.s.
ps e JE 751 IR 0) 2L - D7, 1) HY —3.8 2.6 n.s. —4.1 1.7 *
SRR [cl —0.57 0.28 * —0.43 0.19 *

Level-1 e =R ['C] —0.38 0.07 i —0.20 0.05 o
LAl i xR iR [#]x[Cl —0.017 0.005 ok —0.0074 0.0032 *

" 7 okeniid - 95 2 o 36 1 o
é GIf D4k - 161 19 i 76 9 o
b N Ol L RMERO S — “1.2 0.9  ns. “1.2 0.4 o
* SRR 04y - 0.12 0.06 * 0.083 0.030 Wk

TR L E(ALC) 2.40X 10* 2.10X 104

4.4 1 BRBOIESHME (SBP) OREETIL (RTE)
FPEEHRICEDT D LU BREROSHITNEN 1%
KU, BU%AKHETHE TH D Z L b, KKRFO SBP O V¥, SBP
x5 R EROMEE ML > TR LR TE 5,
BENTEEDTRD D B, bRKETHEIC R EHERT 5,
AP B N T g 1 mERD 2 &1 SBP 2% 0.42 mmHg #40
L. BMI 28 1 kg/m2 #8019 % Z &1 SBP 2% 1.2 mmHg 4145 &
WORERTH 0T, Fo A I =T 1EE Y L TREBMEDT R,
SBP 7% 6.9 mmHg w2 -7, Ll EEBEEORA 19 L RO T
Hotz, HEOREICE LT, Level-1 I8\ T 1%/K#E, Level-2
[ZBWT B%KIETHE LD | WL~ & b M~ B R
STz, AN 1CHEWVEREE < SBP 28 0.57 mmHg &<, 2D )
LN HIE 0.38 mmHg TH Y . CIRZIHEIE 0.19 mmHg Th -
T2 Thbb, & 5543 O SBP (X 1CIEWEEEE F T 0.38 mmHg
E < 7R D R CRWEE IS A TV D553 1% SBP 0
PIE7% 0.567 mmHg @V, L WO FERTH -7z, FIT, 4l & JaH
WO v ZKEZHER L 1%KETHETH DL L6, Hilit
272 51F EEIRD SBP IZKIFTHENRKEI R LV IHIBER (2
D 1) P ERBEORE RN ST,
4.4.2 BRBOIGRHAME (DBP) OREETIL (RTH)
EREHFICEL T, Wh, BRREOSHDE 1%KETEFETH
% Z &b, EIRKFO DBP O FEfE, DBP (2T 2 E =R 0%
BREIIEANC L > TR Z EWNRB I Nz, £, U EER=
ROILFH S 1% E O ERATH D Z & h b KR O DBP
DIEIEA F R E L TR =R & [DBP) OB%A5 < . DBP
OF-HIEDMEN RGN EliE ORI Z & 2R STz,
FEWTEEDRICONT, SBP L3 # A0 | i T REICHE
7B (p<0.01) 233D b, DBP IR 2 o & 95 ic kil
FRNTRN T ERENT-, ERORIRICE L TiT SBP & [FERIC,
Level-1 T 1%7Kk %, Level-2 T 5% /K UED A E 72 B NFRD iz,
FILA 1°CIEVEREE F T, DBP 2 0.43 mmHg (RPN 5% + SCIRS)
£:0.20+0.23 mmHg) #2ro7, 72 SBP LRk, FhlFE
MISED 7 0 ZAKEZHEERS b%KETHETHDL LMD, &
HRZ72 213 RS MIEIC KT T BN K E L 2 BEAHER S
7

4.5 RIEETIVIZHT 2B

AIEIZIWNT, &5 %RE L L T, FH=EIRR 1CERVWEE
IEATHDRSRHEIX, MURIEFTH-o THIMMEL SBP T
0.19mmHg, DBP T 0.28mmHg @i\ 2 & 23 RIB &7z, &£
AEIERIEH TH Y | G EEOSERDE L LF L TH L3, KGR
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According to Healthy Japan 21 (Second Term), reducing the average systolic blood pressure (BP) by 4 mmHg would
prevent an estimated 14,000 deaths from cardiovascular disease (including 9,300 deaths from cerebrovascular
disease and 4,700 deaths from ischemic heart disease) each year in Japan. Accordingly, reducing average BP is one of
the country’s major public health goals. Moreover, it is recognized that individual efforts alone, such as lifestyle
modification, cannot be relied on to achieve this goal. Measures are therefore needed that involve large numbers of
people, such as environmental improvement (e.g., home renovation).

Against this background, some studies have looked at the effects of the indoor thermal environment on BP. Most
BP data are obtained from repeated measurements in particular individuals, so an appropriate statistical method
such as multilevel modeling should be applied to the data.

This study aimed to clarify the relationship between indoor thermal environment and home BP based on a
multilevel model. By using this model, it is possible to elucidate both compositional and contextual effects of indoor
temperature on home BP. These effects are respectively defined as the increase in BP per 1°C decrease in indoor
temperature on a particular day and the increase in BP per 1°C decrease in average indoor temperature of houses.

Data were collected through field surveys in Tosa Town and Yusuhara Town, Kochi Prefecture; Nagato City,
Yamaguchi Prefecture; Uenohara City, Yamanashi Prefecture; and some other areas around Japan. The surveys were
conducted in winter (2012-2014). Home BP was measured by participants twice daily: before getting into bed in the
evening and after getting out of bed in the morning. Indoor temperature at 1.1 m above the floor was measured in the
living room, bedroom, bathroom, and dressing room at 10-min intervals. During the survey periods, participants
recorded the wake time and bedtime each day in a diary. Questionnaire surveys on personal factors and housing were
also distributed.

In developing the model of BP, residents who had lived in their present house for >10 years were screened and
selected. The model was assumed to have a hierarchical structure in which day-level variables obtained from field
measurements (e.g., BP, indoor temperature) were nested within resident-level variables obtained from
questionnaire surveys (e.g., age, sex, body mass index). The objective variables were systolic BP and diastolic BP in
the morning (n=3,331). Explanatory variables were the day-level and resident-level variables mentioned above.

Both compositional and contextual effects on morning BP were found to be significant. The sum of the effects was
0.57 (= compositional effect + contextual effect: 0.38 + 0.19) mmHg/°C for morning systolic BP and 0.43 (=0.20 + 0.23)
mmHg/°C for morning diastolic BP. The interaction of age and temperature was significant, and indicated that the
effect of indoor temperature on BP was stronger in older residents. One possibility is that the higher BP was caused
not only by cold exposure on a particular day but also by ongoing residence in a cold house.

Lifestyle diseases such as hypertension result from the cumulative effects of various risk factors. The results of this
study suggest that hypertension might result from the cumulative effect of coldness. Thus, maintaining an
appropriate indoor temperature is important not just for older residents, who are sensitive to changes in indoor
temperature and at high risk of cardiovascular events, but also for younger residents. These findings may have

important implications for managing hypertension and preventing cardiovascular events.

(2015 4 2 1 6 HJsAm-z B, 2015 4E 6 H 5 HERHPLE)
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