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Cross—sectional Study about the Association between Morning Blood Pressure Surge and
Indoor Room Temperature
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Background: Higher morning BP surge is a risk factor for cardiovascular disease independent of 24-h
mean BP. Although low outdoor temperatures are associated with higher morning BP surges, the
influence of indoor temperature and ambient temperatures (temperature while indoors or temperature
while outdoors) on morning BP surges remains unclear. Such information may help prevent excess
winter mortality.

Methods and Results: We simultaneously measured indoor temperatures (living room and bedroom),
ambulatory BP, and physical activity for 768 person-days during winter and spring/fall in 192
participants (mean age, 69.9 years). We found a decreased correlation between indoor and outdoor
temperatures in lower outdoor temperature than its median value. (r=0.28 in —3.37°C to 9.73°C)
compared with warmer situation (r=0.84 in 9.82 to 27.7°C). In univariate and multivariate analyses,
models that included the ambient temperature showed a better fit (lower AIC) than those including only
indoor or outdoor temperature. A multivariate linear mixed-effect regression model showed that a 1°C
decrease in the ambient temperature was significantly associated with a 0.44-mm Hg increase in the
sleep-trough morning BP surge and a 0.52-mm Hg increase in the prewaking BP surge. This was
independent of potential confounders, including physical activity.

Conclusion: Lower ambient temperatures were independently associated with higher morning BP surges.
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Table 1 %J 54 O FEARRE

i, mean (SD) 69.9 (6.3)
BMI, mean (SD) 22.7 (3.0)
o, n (%) 96(50.0)
BUEMREE, n (%) 11 (5.7
il (5 H), n (%) 48 (25.0)
PERIFAE, n (%) 25 (13.0)
M SRR A, n (%) 81 (42.2)
A% EEIERTE, n (%) 23 (12.0)
IEET A E, n (%) 72 (37.5)

EAfFTF, n (%)
-1.00 (million JPY per year) 10 (5.2)

1.01-2.00 41 (21.4)
2.01-3.00 56 (29.2)
3.01-4.00 45 (23.4)
4.01- 35 (18.2)
unknown 5 (2.6)
HEHEH, n (%)

=10years 42 (21.9)
>10 years 150 (78.1)

SD, Standard Deviation; BMI,Body Mass Indsex
CCB, Calcium Channel Blocker

ARB, Angiotensine Receptor Blocker

ACE, Angiotensine Converting Enzyme

+ Household income/ (Number of family members)"?
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Sleep-trough morning SBP surge

WS R =

EZ31
Coefficients 95%CI

RS % P-Value
mean ( SD ) mean ( SD )

O EE (R % 2ME/H) |, C

SR 171 ( 56 ) 34( 43 ) <001

FEE 202 (47 ) 103 ( 40 ) <001

JEH 204 (41 ) 141 ( 46 ) <001

R 199 ( 43 ) 131 ( 46 ) <001
RIS C

E= 208 (46 ) 109 ( 38 ) <0.01
AR (EL PR 1% 25 - £) 1336 (183 ) 1366 (198 ) <0.01
AR I FE GELEA % 27 ] - 427) 80.0 ( 120 ) 812 ( 125 ) 0.4
R 709 ( 106 ) 716 ( 102 ) 023
Sleep Trough BP surge 288 (162 ) 338 ( 186 ) <0.01
Prewaking BP surge 193 ( 138 ) 142 ( 136 ) <0.01
TIFI5T

L IRIEEIA £, counts/min 239.6 ( 160.6 ) 2488 ( 181.9 )  0.42

BEHRAF ], min 4114 ( 958 ) 4334 ( 882 ) <0.01

FEIRIR, % 845( 76 ) 851( 87 ) 030
kR4, clock hour 2242 (768 ) 2249 ( 778 )  0.04

S GRS PR #2205 #1005 D) , min 16.7 (299 ) 12.3 (241 ) 0.02

BEH Coefficients 95%CL
[DINZZ S
JEAREIE
i 043 % 016, 0.70 0.36**  0.09 , 0.64
Bk 295% 638, 048 -2.77 -6.19 , 0.66
BML, kg/m® 0.10 -0.48, 0.68
BERE D) 0.15 -7.27, 7.58
i F RiE B0 -2.21 -6.18, 1.77
2.44 104, 5.92
5.40 * 013, 1067  2.04 -3.13 , 7.20
-2.91 -8.03, 2.21
3461  -0.08, 6.99 2.93 -0.60 , 6.46
“E {43 (million JPY per year) -0.90 -2.41, 0.60
HBEEH(Z10y) -8.52 %% 12,52, -4.52 -5.54 %% -970 , -1.39
M AL~V
WiEH (F1-40) SL98*F <290, -1.06 140 %% -2.37 , -0.42
TIFT
WOLKIEB, per 50 counts/min  0.50 **  0.13, 0.87 039*% 002, 0.77
B S (KT &, per 50 counts/min  0.34 1199, 2.68
] 0.01 -0.005, 0.02
0.12 -0.05, 0.29
0.59**  -079, 039  -044** -0.65 , -0.23

Prewaking morning BP surge
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TER Coefficients 95%CL Coefficients 95%CL
TEALV~VER
AN
Al 0.12 -0.13, 0.37
Bk -1.30 -4.45, 185
BMI, kg/m? -0.21 0.74, 0.32
BUERED) 0.85 -5.93, 7.63
i 144 -5.08, 2.19
-0.88 -4.08, 2.31
-2.11 6,97, 274
-2.80 748, 187
5 0.66 -2.60, 3.93
R T
S ({44 (million JPY per year) -0.41 -1.80, 0.97
BEEH (Z10y) 576%F  -9.49, -203  -4.80*  -852, -1.07

VIR

SL72E 264, 079 -0.89F <186, 0.07

HlOLKIEIIE, per 50 counts/min 048 ** 012, 0.84 0.33F  -0.02, 0.69
A& {KIE B, per 50 counts/min  -0.03 -0.07, 0.02
0.01 -0.01, 0.02
0.26** 009, 042 023*% 005, 0.41
-0.65**  -0.85, -0.45  -0.52** -0.72, -0.31




QMBPS & =i LA+ D 22 [F 0 BEE
sleep—trough morning surgelZxf L. HEL&E
T NE L OO A THUVDHHE L7224
BET /BT S, i, oM ERIE R
HAEE BN A B IEORHE, HEFKTH
BRAOMEL R L,

prewaking surgelZxf L C., HEREET /LT
X, HIRIEENE, BEIRZVRNIEORE, BE
EHRNAOR#EEZ R L, ZEEET LTI,
MEARZDRICAH B 2 EOBE, HEFRICHE
RAORE AR LTz, HIKEBIEN LV &L
JEDS EH-9 5 &S AEBSREEERAF ST - E A
FEDFATIERC, HEFHDP R VA TITE L
JEATRAB BV E Vo T2 TR & — 809
HIERTH -T2 (Tabled) .

@N KB - =R X UBREIEEE & MBPS D BE:#
LHBERDOER
RMAEHERYE (AIC) ZHWT, L ERF
ETFNDOYETNIEY 2+ 5 L. WEE%K
Zsleep—trough surge & L7228 W T
Y. prewakoing surgeZftEAEH L L2546
IZBWTH, EHICREIREZHAW-ET L
B BIRWAIC, D F VENT-HUTITFE Y 2R
L. PWT=ER - S5 EHW =TT VDA
Tholz, Thix, AKIEERE VLT
BFFEIZ T, SIRIEHRO W 5 &2 7208
2N X 0 IEMEC N B EE & i E ORI AR 2 T
WBHZ EERLTVWD,
OZAEER O ELZIE L - L EET
JLVDFER IS, Prewaking morning surgeld.
SRR 1 CIETIZ L » T, 0.32, SRR
CIETIZ X »7T0.56, BREEEE 1 CETICX
S T0.52mmHgiK T3 B ENghot-, &6
IZSleep—trough morning surgeld. #M5iE 1
CETIZE»>T, 0.23, EREEEICKTICX
> 7T0.46, MBETEE 1 CIKTIZE-T

0. 44mmHgl K T4 5 Z L B35 o T2, B
EA~OHWEAL L TORHATE %,
SEATRFSE CIEMBPS  1mmHg A2 X » THA
WLEDY AT DODBIZF1I% EHATHZ D,
HLEADORRAENOCLU EH S LEETH L
CHETERY A7 1I5%LL BT D R[REMENR H Y
. SEIEDMBPSIZE KIF TR I M TX 20
Z MG InoT,

FERIKTABHIET A2 LIk o T, &AZF5
R EH 2R % TR 2 /R 5 20 LAY
Bohi,

Table4 #iREFREL LN ET—= 74—V DR

prewaking surge

ZERET T
coefficients 95%CI P-value AIC
W 3 -0.52 -0.72, -0.31 <0.01  6057.1
JE =R i -0.56 -0.78, -0.34 <0.01 6212.2
PRIt -0.32 -0.45, -0.18 <0.01 _ 6233.8

sleep-trough surge
ZAET VY

W 5 0 -0.44 -0.65 , -0.23  <0.01  6093.5
JE =R IR -0.46 -0.68 , -0.24 <0.01 6245.4
HR R -0.23 -0.36 , -0.09  <0.01  6265.3
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4 HEORE (1924 x4 H=T68 A - H)
DB, 4HBABLTWVWEEDN 146 4
(76.0%) . 1~3 H AIBD 42 4(21.8%). A
WL 24, AIRIAIN 24T, AR
HITZEN 584 HTH-7=, TAIBH Y HI IX
AR BfRAT C. WREIHEIIE & B ERA D
REE 238072 (8 =-4.27 ,95%CI -7.29, -1.24) ,
S BT HZE AR AR TIGHE W I & A
77 B A FR D T AR + - BLLERRE - ER IR -
BEARZH R - ANRIERF - KRR SEIRE, %
AT CHE LS AEEET LITBNTDH,
TAEH Y B IR MG LT & FERA
DOEEEZRDT- (=384, 95%CI -6.93,
-0.75) , RMMLE TS L7z OB R B oG
RINF+THY., ABIZED U AZIEKTOAEE
PERENTZ, (FINAIL Medical Tribune
vol.46,No14, p16 IZ#H U H7-)

Table5 A;ADA LK ME MEORME

Variables B coefficient (95%CI) Pvalue
ABHY -3.84(-6.93 , -0.75 ) 0.01
353 0.35( 0.02, 068 ) 0.04
% (815 2.87(-1.24 , 698 ) 0.17
REBIEHY 6.40(-2.19 , 1499 ) 0.14
HERHEHY 6.79( 0.99 , 12.60 ) 0.02
FfiFTF(100HBM)  -2.88(-4.57 , -1.19 ) <0.01
BERR ZN (%) -0.28(-0.44 , -0.13 ) <0.01
ABEEF (min) 0.02(-0.01 , 0.04 ) 0.14

KRHEEERECC) 0.06(-0.05 , 0.18 ) 0.26
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