DOI : 10.6314/JIMT.202601_37(1).05

Py AR 2R 2026 : 37 : 20-24

AEERFETRERT
HIB MG B R B R R 3
B kB 7% S0 3 97 i

b3

& B A Bk S o

wm =

AR RBEATRABAFTRATRCHETACRTRBIEALAMALE AN - A&
A RFAEZ G ERBERER > B AR RIR &R F— > HEEKRENR
AR Boy: AXELSRFREBRAFARERETFSHETZRAINITRE > P RBI TR
FEHERCRETRBELEERCRZBE > BB L AR RN LHA Lo EE o FEE
W REAGE S RPAIBARBRERREMNEH SR FMERTREAEI - &
J B P 4B AR 2t 48 # (time-dependent covariate ) & JE R ML STAL A  SRAE IR B R K L b JR 2L
Z R e E BB FRERBAT > RBRR ST RIT MY I R4 RBR G LIRS

AH R RSB GR 2R AR

B R B RETDMMBEEEEIHE -

725 o R 2 LI SRR 5 R o SR B 3 ALOR
Em BRATREALD B BIERHIER

H R o 65 R B BRI SLIR LA A 0 A Bh AN 18 5] A0 B8 S8 L B8R O oo B R IR

X

RAfEEE - EZXIME (Home blood pressure)
EIEEEE (Telemedicine)

(GIMERA (Cardiovascular disease)

IRIEEF (Environmental factors)
SR (Ambient temperature)
ZER5Z (Air pollution)

51 E

OIVE PR RIVIAL fE S BRE BSEIA - T il
R 422 141 U B I L 238 2 SR B 06 (L R B R L RS
Z— 2o BRI ERIK T4 - mokE SIS

o BB - Rl iR LB G
L U8 S S SR U R B B 25 TR > - AR
1M 5 2HERR A 7 A S I R - 1 P A
BRIRESR AR — R -

3 25 SRR 2 BRI B SRV S R S22 S 5 e 2

WA wES WA TP ERPTLHR 7R &K ERAAR



Environmental Factors and Home Blood Pressure 21

B5 AT REELEIM R b7 - S B o I S A
o ORI - BRAIFIE 2 DU i I #) &kt
HEIT AT+ P R R B S AT R R M B 5% -
HLiRZ il #8 g Ay B AR SRR BB SEAS
RAR—E - PR T HAERRRISR FARER © -
RIS S @ ELE BT EIEEERTR
IR/ R AVNER 7 W PN 3N

Fi 2 J& 2% M B2 B& 3] (home blood pressure
monitoring ) B3 fR BEFR YL K 0 BRR B15LA
A Ede ~ KB ERGE H R A T S R MLR &
FoE R BE T A T B 45 B LI R R AR A2 it
THTHIELRE 70 o A2 MR (office blood
pressure ) * JEZZIFRRE B8 H B S B BEAE A [F] R
S ABR 14T B ML AR R By - 7 BE 3 A A A S
B AR M B s %

B B T A F T [R] 2 S R R P 1
T —RYI LR A JE 80 SR ML BBk Ry BB
WH9E - 43 BIERET SR b 22 R0 G g e L i g
PR A MRz s 101 - iEn ARSI
IR LA B B AR MR E T ALY - S5 SRR SN
JEPEA SRR SR BRI - TR A R R
B B MR R 2 BT RE 2 AR MR eI EAR I - HEEY)
BRI e T HPR R -

AR EE G i FE R - AR BHER LA 7
AE I RRER #2 Ay ey £ - SIS — 20 B am L B A Y
MR ~ 18w T S S A AR RIS Y B -

EBHEARR

T3k

ASCFr#E G Z W FEPREL R Al B B IR
BATRERZERIRE R - e H R Rz RIE
HE 2 18 MO M PR R - B AR R 5
IR 52 s 6 > AE H RS A0 T 45 o ST
HEIFRELEPHRIER » SO Ao BT [ (o 22 IR SRt
Be—ikEHBERT IS USR8 ~ RI01H HIRe ]
FRARE MR IR - S 50 B KRS ] e m e
R R

RERBEEHAKEE S (TRERR K
BRRE) KRR EEHR - KEEEE
Ml ETTECES - BRI - R B - DUk

ZIRZERITHYIIERT - B RIREE A FH AR
JEFTREFEAEAE BRI » 43 BT Al A AN [T e R 9
(lag) WYFRFREIE - DIGHAL T I AR 2 -

EMET T3 F o ARRYIETEER R A JE
WO+ R I RR T K B 4 B e [ &R - I
DR A R e A3 g 7 O A BRI - ~ A8
Frf~ SRl e BRI R BE Y i B - #ER
8 5 SR 2 (R B3 B 45 22 R L ITTL R 2 52 R P
£ ARG | W 9eE— 2 B EE e A
HU ( generalized additive model, GAM ) » L& T4
Ji IR A < FRRR IR BT - BER R AU R E B
IRATE R AT was 121 .

=BT L H B » M FEE K
— BB RCRATRETEALET - TR IR IR R R
R IMER LAY R ARG - DU HAEHEE A
FRRTES P EE -

ENE
oY af

(—) RERBHEHERME * {ERERREITER

TIERR

ASRYIWFFERER - GRS SRR B TH 2R
SE) - B EER RS B BEE R - R
TR TERIMERE 2 BB TR R R
BIFRRERRE o DURIE R B - RIRERSE FE %
I BE BT B SAHRE EL R SR TR R AR 22 ia
Py B fe SR I R ] AU SRR L SHE - 1T B
BEBEE R S L] LT

b — RS B AR R SRR o e R
A—BRIER S o HELERVEB R AT - ATRE(R
Ay B30 220 Mg i 2 5 R L ] ) B B 28+ BT
i 2= 2 o B IERRVERERY - 15 DUSE AT A4 2
[ERHEAIRE - IR R R AR BRI R
e E B -

(D) mABHRSHREHHRRIZFNESE
FRER IERE S AR T 52 - i A S ey =S8
FIMBEE R, - RESE G 2 2B (E BE AE A [RIBR B 5k
fF R EIMLER BB - th—Fr i ARIERK R A
HEES - KRR H AR IR E IR
SPIEME - 11 R G A R S R T ) B 5t R 08 Bl



22

g LT

BEAh - JE SRR B RS SR 8 B RR AT
REPRERE - IRERNTZEAER
R A SR R - T2 EE e A H
I L B RGHERS - SE R R G 8
B RIR R (I T Al THY R LA -

SEEER

(=) YR EFHE R EEHBR

WSl RIREER - BRI R SE ) B BR BT R R
Fir 5 BRI B 388 b B — e 72 B AR BT 0UR -
Fi € SRV A R BRI GR T 2R ER
IMEEFZE ] - R0 » BOfEAEZEY GRS @ BREEX
FHIMERRY s BN AE - BUREEVI LS &
I MEBREERE T AT R 2R I 4 PR IS JE

b — B PR MR PR B AL » I RREE A {2
fRBR A ZEY B S %L - IR S BT
RIBRRTERRE  FlEEs BT -

(PY) BRAREAHBEREESIR A
REBRBR AR LT 2 HETRBEER T A 1
o5 LR+ B A TR YAE St it B I o I JRR AL -

IETmHB&H*ﬁB&E A o GEA AR 2k

F o e Lo RN R DL exposome HUBEE: » H5ER
BERFE R B O ME R E S - Ik

B— HABmIsMERER 1017 -

I \Egﬁ

ASRYIHFERR - Rk B2 R R F RN
K- S LIE R R SRR MBE A
S E HM LAY - HAE R RURERR ‘xﬁm§bé5§3
ﬁ#ﬁﬁ%ﬁ°%@fﬁJ”xh FEZEY)IG
RINEOLT - IREI R ATIE mmm@@mmm
RSEEWERE - B I RR P22 AR 1 2 SE YRR
BEVKR - S 2 HNIMERR L AIFRE
e

EIR A AR RS MR E R 15
DUSERGT B ARG TR 5 - BTl BR b 2 R B
[ BRI B £ o E— WP gl m A E L B R
TERE I BRI FE R BR ] - th Rl PR S R SE t 758
AR 7S > (o BB IR] 115 AR AL H S IR
BB i 2 e

g

Z B R
AT M A A B L
{43

H

TR - BN R A
RSN » 13 B PR B 3L S 4 1
A LRy 120

S

G KRR RE T OTA R R EE
AHITZE % b Fir A 22 B s 5 1L JRR B 8 S R A
BRI o K G KB e i B g O e (1P
EE TR E R

e

1. Lewington S, Clarke R, Qizilbash N, Peto R, Collins R;
Prospective Studies Collaboration. Age-specific relevance
of usual blood pressure to vascular mortality. Lancet
2002;360(9349):1903-13.

2. Franklin SS, Wong ND. Hypertension and cardiovascular
disease: contributions of the framingham heart study. Glob
Heart 2013;8(1):49-57.

3. Brook RD, Rajagopalan S, Pope CA III, et al. Particulate
matter air pollution and cardiovascular disease. Circulation
2010;121(21):2331-78.

4. Pope CA 3rd, Dockery DW. Health effects of fine particulate
air pollution. J Air Waste Manag Assoc 2006;56(6):709-42.

5. Atkinson RW, Peacock JL, Marston L, Konstantinou KI,
Anderson HR. Meta-analysis of time series studies and panel
studies of particulate matter (PM) and ozone (O3): report of

{1

AR REHE — TR SRR RIS G
H

a WHO task group. Copenhagen: World Health Organiza-
tion; 2004.

6. Bhaskaran K, Gasparrini A, Hajat S, Smeeth L, Armstrong B.
Time series regression studies in environmental epidemiol-
ogy. Int J Epidemiol 2013;42(4):1187-95.

7. Parati G, Stergiou GS, Asmar R, et al. European Society of
Hypertension guidelines for home blood pressure monitor-
ing. J Hypertens 2008;26(8):1505-26.

8. Pickering TG, Miller NH, Ogedegbe G, et al. Call to ac-
tion on use and reimbursement for home blood pressure
monitoring: a joint scientific statement from the American
Heart Association, American Society Of Hypertension, and
Preventive Cardiovascular Nurses Association. Hypertension
2008;52(1):10-29.

9. Stergiou GS, Palatini P, Asmar R, et al. Blood pressure moni-

toring: theory and practice. European Society of Hyperten-

sion Working Group on Blood Pressure Monitoring and Car-
diovascular Variability Teaching Course Proceedings. Blood

Press Monit 2018;23(1):1-8.

Huang CC, Chen YH, Hung CS, et al. Assessment of the

relationship between ambient temperature and home blood

pressure in patients from a web-based synchronous tel-
ehealth care program: retrospective study. J Med Internet Res
2019;21(3):e12369.

11. Huang CC, Chen YH, Hung CS, et al. The association

10.



12.

13.

14.

15.

Environmental Factors and Home Blood Pressure 23

between short-term exposure to ambient air pollution and
patient-level home blood pressure among patients with
chronic cardiovascular diseases in a web-based synchronous
telehealth care program: retrospective study. JMIR Public
Health Surveill 2021;7(6):¢26605.

Gasparrini A, Armstrong B, Kenward MG. Distributed lag
non-linear models. Stat Med 2010;29(21):2224-34.

Wood SN. Generalized additive models: an introduction with
R. 2nd ed. Boca Raton: CRC Press; 2017.

Diggle PJ, Heagerty P, Liang KY, et al. Analysis of longitu-
dinal data. 2nd ed. Oxford: Oxford University Press; 2002.
Omboni S, McManus RJ, Bosworth HB, et al. Evidence
and Recommendations on the Use of Telemedicine for the
Management of Arterial Hypertension: An International
Expert Position Paper. Hypertension 2020;76(5):1368-83.

17.

18.

19.

20.

. Wild CP. Complementing the genome with an “exposome”:

the outstanding challenge of environmental exposure meas-
urement in molecular epidemiology. Cancer Epidemiol Bio-
markers Prev 2005;14(8):1847-50.

Vineis P, Chadeau-Hyam M, Gmuender H, et al. The expo-
some in practice: Design of the EXPOsOMICS project. Int J
Hyg Environ Health 2017;220(2 Pt A):142-51.

Ezzati M, Riboli E. Can noncommunicable diseases be pre-
vented? Lessons from studies of populations and individuals.
Science 2012;337(6101):1482-7.

Hajat S, Kosatky T. Heat stress and public health: a critical
review. Annu Rev Public Health 2008;29:41-55.

World Health Organization. Ambient air pollution: a global
assessment of exposure and burden of disease. Geneva:
World Health Organization; 2016.



Environmental Factors and Home Blood Pressure
in Patients with Chronic Cardiovascular Diseases:
Clinical Research and Care Advances

Ching-Chang Huang

Department of Internal Medicine and Telehealth Center,
National Taiwan University Hospital, Taipei, Taiwan

Background: Environmental factors such as ambient temperature and air pollution have been shown to
be closely associated with the occurrence and prognosis of cardiovascular diseases. However, their immediate
impact on blood pressure regulation and clinical significance have been inconsistently reported, mostly based
on population-level studies, limiting clinical application. Objective: This article synthesizes a series of studies
conducted by our research team using a telemedicine platform to evaluate the effects of temperature and air
pollution on home blood pressure in patients with chronic cardiovascular diseases and discusses their clinical
and public health implications. Methods: Patient-level longitudinal home blood pressure data were combined with
meteorological and air pollution monitoring records. Time-dependent covariates and nonlinear statistical models
were applied to assess the associations between environmental exposures and blood pressure changes. Key
Findings: Lower ambient temperatures and various air pollutants were significantly associated with changes in both
systolic and diastolic blood pressure. Except for ambient temperature, most relationships between environmental
factors and home blood pressure exhibited nonlinear patterns. Although antihypertensive medications provided
partial modulation, they could not fully offset the influence of environmental exposures. Conclusion: Environmental
factors are important background risks for blood pressure control. Integration of home blood pressure monitoring
with environmental information may enhance individualized care and overall cardiovascular risk management.



