#445-5723: &% | Journal of Environmental and Occupational Medicine | 2024, 41(2)

219

T AT 8 R 2 R R
N SHE

A I, RS PR, L, SRR, biEss

1 AUARFERARDERFERITRFER, | &R M, 510080
2. UIRFIEFAXTEFR, @)1 BES, 610041

HE

WERITREMRPINERE ZMIEREN. BRBRERAES, WHERKEMTHERT
ERBIPk AL, TR, FEERE RN ES I AR FTH, EAFERITREE RIET
RIBHETEZSRIHENER, TEATEX(V) EA—ThEEBRFEF RN ERFEAEN
R R E, B AERERITRERR T FARNEBT v NERFRIE, AR T
BRINA IV #HTH SRR TR AR ENARHES BRI, SaifERITRMUENA v
FIEHITRR BT EG TR EL, SBER v HS MR RE S AN ERESE
AN BERITRZERENNERESR, ZAREENBREFEREN A ERYNHNEA
RHARIRMES £F LB EMKIE,

FKHE  TREE®R ,; AR ; RRITRS ; MRRE ; BN ; NA

Applications and advancements of instrumental variable approach in causal inference in envi-
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Abstract:

In environmental epidemiological research, extensive non-random environmental exposures
and complex confounding biases pose significant challenges when attempting causal inference.
In recent years, the introduction of causal inference methods into observational studies has pro-
vided a broader range of statistical tools for causal inference research in environmental epidemi-
ology. The instrumental variable (V) approach, as a causal inference technique for effectively
controlling unmeasured confounding factors, has gradually found application in the field of envi-
ronmental epidemiological research. This article reviewed the basic principles of IV and summa-
rized the current research progress and limitations of applying IV for causal inference in environ-
mental epidemiology. IV application in the field of environmental epidemiology is still in the initial
stage. Rational use of IV and effective integration with other causal inference methods will become
the focus of the development of causal inference in environmental epidemiology. The aim of this
paper is to provide a methodological reference and basis for future studies involving causal in-
ference to target population health effects of environmental exposures in China.
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IR,

EFItk, A8/ 53 LL“instrumental variable” “environ-
mental/air exposure” “epidemiological” “health” 3 28 XX
XEE, LW TRATEXR MR/ E[RBE MR’
R AR REIR(RER 1986 F 1 B E 2023
F78), K& PubMed. Web of Science. 5 [E| 1.
ARHIERIRRS T &, RAWE 49 RN A v #1T
F RIERTRVIR IR R TIR FE Xk X 49 B X ER# T3
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Figure 1 Schematic diagram of instrumental variable approach
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RTS8 A M B BORE, v KR Z XIS AR
BEiERM, Heh, 54 A R RANREERR, BXE
MEBWETLE; TS B 2RNERY. XFEEE
XyFEMEERAE, BNHAB =%, TXM
AP, URIBEE Z HERE IV KRB ENRR
m&, RBEE ZHELR=TMRILZ: OS54
ABHEFRE, AL 2 X, BX; QEFZTHY B
BIRIR, ELtk 2 F0 U, RAEX; @ESEmE v Z[EFR
FHEEEMEX, REBIE[RERTLMER, v O]
183 25 H A9 7 B ER B /)N = Fe 2] YA(two-stage least
square regression, 2SLS) RIX G B ES E R E R
L mEit. ELLEEF, E—MEEEITFFA v &
BEER X DRASRNERFMEX(X) FIRHEX(X,)
MERS; BEZMEEFAFMASRKNERFEEZEFHEX
MR BERRETHER TR R,

EXLMRIER, BENEEETEEFTENA IV
HITOM, BPMIBIR B IERBENGFERE M, H
Wi g it 16 30 KA B, B A B G EB Hausman 1258
A0 Durbin-Wu-Hausman #2538, EXRFEEE VBN
M, BV IV IR E X ZEMEXMERNKES, SN
MEFE155 v, SHRENEEXIE, HIg R
PEE ML RO, F 489+ 2. Cragg—Donald Ziit &. Stock
and Yogo 1238 LA X Kleibergen-Paap Wald 4t it/ 7%
A A FILeEs VY SSTFERANRET SR F
FITERK, FRITE>10 MIAAZER IV, R 22
55 VYL b, BRI IVELERBETE—HZ (B
WA NEH), AR IV MK TFEREZENEH N
BRI EEIRFAGIERSN v 2EINE, ELEE
IRRIEILEIE sargen A ) 10IEZEY,
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Table 1 A quality evaluation framework for applying instrumental
variable approach to causal inference studies in environmental
epidemiology
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BREFIVEERICEM: AR ARVEEMIMERE. MU TFRNE
RRRAR, HERBIVR BT MR ERT MR RER
REVERRREZ B XEGRERIIIFARITE)
REBHNNEERRREVAIFERE KT LN UERERBT
fhIvARR A EIATBENE

REWVHEREDH: UERE T LOHEESEERIVIRIZEIER TR
BRI

XHVEY IR R T I IERIERRE . BIEIC TR R, IR AR
ARARLMREL, UARIVEERRSENL RS
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MERITREM RN E B IV EERFEAN:
BARE. £BUREER. HESEFRE. BERXE
HRRUKEMEAR. FIEMAXEBNEREEMN
IV BIRRS D RFLE 2

RN, B 33 R( 4
67.3%) XEAR A BARRIEN Vo B RRITHREH
R, BRARRT—EMESCERNEE S ERNMENT
MENEM, [EIRS B LA IR IR R B £ R RIIEE R,
HULERATE Vo SEARFZEX IVEEA[|R
HE Iv(29 B SHIEAR Iv(4 BXE) . SREA
RERTAN IV, BERNE. X@E, R TELRE
= E (planetary boundary layer height, PBLH) . [ERI=.
BXARHE, fl, FEEN—THRRH, AREF A
XEfER v, RS F IR A AT AR (par-
ticulate matter with aerodynamic diameter of less than
2.5 um, PM,5) ST F AR T XM E ST L AN E R K
F7® Ju EF) A R E R EBRAEHIE, X IRE
A PM, s IR ERY IV, AR T =S RXT A CIERE
RIWRERZMm, ERETR PM,s IRE S A E IR
RETRR XK, EEMRAER PBLH EAT S5 H
MY v, 18R T =R EEE(air quality index, AQl)

SEEIZEZ BNRRXEY, W, EEHRRE
BZMRLXRAREN IV HITOH, FIU0 Bae F0IE
T—NMEAEXKRERE. RERMAMXE IV, LUEITF G
RERE ST RIIERKE
MIBRE AR IV REITER KR H140, £
— A A PE 144 MR HEIER RS SRS
AOZFBREEMBIAR T, Zheng EVNE DA
BRIV, Z5R&KRB PMm,  REIGII—MIEE, E@ts
EURFR 0.043 MIEE, SN, Liu FPERXIGE ™=
REBEEWMEATRERB IV, ARTSBREEE(AIr
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HEMm, ZMARLZI, ESREETEZEMERIE
MR, ORI B BITHH BRI MER £ AT EEME
FEFRANBIX T, XE 177
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SREENZANUNE) \HEEREMIHARE,
BT MRS EaTSRERHFIPENESEX
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— & 1k & (nitrogen dioxide, NO,) . — & 4 #i (sulfur
dioxide, SO,) W R EMMEE) LEEAKE, HIEMHER
X, o, E—IE R RNMAARLFER, HT™E
THXHNESERERPEESFETE, LFETAYR
EXEMA, AR ARMUFBARZBBIER IV, AR
PRZ2HA (8] Bk ) 5% B8 X mig U 3t X 43 22 O A ) L &2 i
BEBRNRN™ ., AXMNEENRBEEEAIR,
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KEEEBMIM, X5RFENEFTLEEX,
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Table 2 Summary and quality assessment of causal inference studies in the field of environmental epidemiology applying instrumental

variable approach

Fe W5 P %5 V(52) = @ﬁggm O
1 Schwartz J (2018) NO,« PM,; plAmE PBLH(SR) vV v v vV
2 JuK (2022) PM, 5 BELR PBLH(SXK) vV Vv Vv v X
3 JuK (2023) PM, 5 IMERGER PBLH(SR) vV Vv Vv X X
4 Ke L (2023) PM, INHIEE PBLH(SR) vV X v X v
5 Gu H (2019) PM, 5 BiTERE RR(RR) v Vv X X X
6 Gu H (2020) PM, 5 DB KR(RR) v Vv X X X
7 Bai S (2022) 0, B KR(RR) vV v X v
8 JuK (2023) PM, s O; mER RERER) vV v v vV
9 Wang X (2023) PM, 5 IANENBEST RER(RR) vV Vv X X Vv
10 Deryugina T (2019) PM, X NE(RR) vV vV v v v
11 Heyes A (2019) PM,s. CO. NO, SO,« O AQI  42BR NE(RR) vV vV v vV
12 Austin W (2020) PM, 5 COVID-19 RE(RR) T A
13 Rocha R (2022) PM, 5 FETERMERE RmE(R8) vV v v vV
14 Austin W (2023) PM, COVID-19 NERR) vV Vv X v v
15 3% (2022) PM, REFEBMR RE(RR) vV Vv X X v
16 Cheung C W (2020) AQl FEToR XA, BEB(RR) vV Vv X v
17 Godzinski A (2021) PM, s« PMjg NOp 050 COL SO,  ZETEE PBLH. R(RR) vV v v Vv
18 Schwartz J (2015) PM, 5 f = TEEANTRER) v X X X X
19 Jans J (2014) PMyo J LB R A RIS R PRSR) A A A Y
20 Arceo E (2016) PM;en CO )R PRSR) vV v X v v
21 Chen S (2018) AQl RS ElRES PR(RR) v Vv Vv v X
22 Jans J (2018) PM,o 0% 38 5 SR PFRRR) vV Vv X X X
23 Deschenes O (2020) PM, 5 {REFABRE PFRRR) X v X X X
24 Liao L (2021) PM, 5 ERZEMA PRER) v Vv X X X
25 Zhang J (2022) PM, s« PMyq DME &SR WRER) vV vV X v X
26 Ren Y (2023) PM, s\ SO, Bk, OIB2EE WR(SR) vVoX X X v
27 Bae S (2020) 0, [lAme: APEIEST. MERFMNE(RR) X v X X X
28 Zhang B (2020) PM, 5 SR EEMOIBRE BXARBSR) v v vV v ¥
29 Schwartz J (2017) PM, s« NO,. BC A PBLH. RUR(SR) vV vV X X v
30 Ebenstein A (2015) PMyo MR R SR ERR R IR (I vV Vv X X X
31 Zheng S (2019) PM, OIR{RRER b, EEL(HIIE) vV v X X v
32 Heft-Neal S (2020) PM, BT XE D ERERR. #IE) vV Vv X X X
33 Liu X (2022) PMyon SO, NO, HAELR R (EIE) vV Vv X X X
34 Fan M (2020) PM, 5 FEToR KEBIIRERFTREF) vV Vv X X X
35 Kurata M (2020) PM, 5 RERE. WILELER REEEARREHE B LL B (1 =E5F) vV Vv X v X
36 Schlenker W (2016) CO. NO,\ 05 Rk RAOERERR VISR TERERAHSET vV oV X v v
37 Moretti E (2011) 0, IR R AR SHI/EABRBEBRESF vV Vv Vv X X
38 Liu H (2021) AQl 1@ MRS, (O X 7= R R M () vV Vv X X X
39 Powdthavee N (2020)  NOx PM,, lvayL] AOBEMEESF) X v X X X
40 Adjei-Mantey K (2021) ERESEH ILEXEIRE KA AEFSE) X v X X X
a1 ChenY (2013) BEEFHY FREEEm CEBET SR (BER) vV Vv X X X
42 Bishop K C (2023) PM, 5 Fl/RIRIGERR. FIR CEEESED (BUER) vV Vv X X X
43 Fa] F 3 (2019) PM, sn PMy, eSS 20145 APEC(BER) v v X X X
44 3KI3R (2022) PM, OIR{RRE REE(BER) vV Vv X v X
45 F37IF (2020) PM,o DI 7 MIRMRIER(EER) vV oV X X X
46 Zhang Y (2022) PM, 5 R BRI RURSE SNP(ELAth) vV Vv X X X
47 Lagravinese R (2014) PM;o. NO,. CO. O; IR ERR [ 5 5Epk F (ELAth) vV VvV X X X
48 Cole M A (2020) PM, 5 COVID-19 [ S5 2K I (HAth) v Vv X X X
49 Kim M J (2021) PMon O, 0L, RARIR RIS [ s 5Spk F (ELAth) vV vV X X v

[F 1 BREIFN: OFRER v IR EM; QRS v SHEEBEZENXEERERK, ORSEMNEFEREERE v MIMNERE KT NS
1 OIRE v USRS D OXF v BIEITNE#TIT I HER. BE . KSHFRIY (particulate matter with aerodynamic diameter of less
than 2.5 um, PM,;); AT NERHIY) (particulate matter with aerodynamic diameter of less than 10 um, PM,,); —E XA (nitrogen dioxide, NO,);
Z&AUER (sulfur dioxide, SO,); R (Ozone, 0,); —& Lk (carbon monoxide, CO); KFIAFAESE (planetary boundary layer height, PBLH); %
(black carbon, BC); =S F2FE%K (Air Quality Index, AQl); I KEZEELHZT (Asia-Pacific Economic Cooperation, APEC); BEIZE B Z 75 (single

nucleotide polymorphism, SNP); #TEERREANA (Corona Virus Disease 2019, COVID-19)o
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55 RBEXNBERNSE
HE] AR R B IR R MR IR —FRI5 b Y SC
W%, BalENTSRISEB AT AR RCTHY
BEMN 72 B, ALEIT SR SRR ZBHNERX R,
EFTANBIXEN A, B 5 BXHE( 4 10.2%) KK
RHBHHREE IV, FI0, THRER—TLIEHA R A,
MAREBXRAPEI AL E=HNEPHEBR (IR E
FAIBER") BRIV, BUBRE PM,, 5 AE G Z[BIRIX
5, lLSb Bishop FPMEA 1970 FHEE (BEST
SIEN EA PV, BY IV, [T KRR E T PM,, SRR
RIBERHEREREIZ MR R XE, ST
BRAKE PM,, X 65 % Ll EEF AFET LB H
R, fREREERIBRIEB WXESEHEN IV,
XET WXEFERETERTRAN TIMXBN =TSR
2, NTHMEERMAIRE T BRI ERELRIFE,
—EIRERITRE MR ER R L
HAARA X S SIS RIREER V), XBEA
SRR T L) R AT RETE —ERBY Bl NFFELTE TS, Ith5h,
HF=SREREEYMELR, FETEE —R8/5%
Yel e R R E 2B X5, FIt, fFREH
MRt e EM=EFE G TERERX R,
FHEMOHARME, ERTRBEE LN VY, fliE
HETRBIUHARPELERRZERZ S M (single
nucleotide polymorphism, SNP) E A IV, AT, B &1IF
WBRITRFEOEPERERTEREN IV IHARED,
AR =R FEEm S SRR P, 2T
EEMEE—INTER gstt1 FAERNITAF, =
RLBEBREREGX, BEREFNEUERDN
TARNREBX—KEBEY, Lo, BRRFIAS
PM, s #EXHY SNP EAT IV, R PM, s 5 B ARBRTHAE R
BREZBINRRXRZY, BERTREN VAT
ISR TIR U P 5 i — P RV IR R I,

R EPRIR, BRIFERITRF R RIERT A R A E
7T %M Vo ERRZERM v 1, —LFEERMI
FMABRTZLE VY, T Martens FPNHEARNRE
MY v B FEnhsk B AR T E(FIaNHHF 5 A 52 FEL
SR S EREENWL), HRX T BIEEFEBRATR
BRIV, ERBRATRBEERSHIVE5REZEIRGS
KBk, EUERERABENARHR, —LEFEEAR
HEBRERNRMIH v IEEREY, BhEZERD, BUR
EB5EIEXN IV, AlgERER IR FRNERIE
ZWRIE, AN TR SN EZHHNRNERIE
=X, ERMRFAANNXE S, BHBDHARE

BZN IV ETON. Bt L EEFEES N VR ERS
EiRFIREEERRME(L 1.v WEXRE), BizH
FEREERE RFDIHZSD IVEEN, ZEIR5!
REXBIRMOBHEDE N IVELHN,; AR
NN IV EZETR, & EIRAN = iR G
BH—NIVEEYN. XF&N v HRIESEFER
3V ERRRITRERRFRHNBREM .

FERMANNRRF, KEBD AR KA 25LS #H1T
IV &it, EMAREA XAEMITHREL, [~ X nMHE
BUSEHT IV it B ARER D SR (45 R, & 92.0%) 1
R7TEEF v INIEIREM, HIRE T v SR E XN
FEITERER P B. B EEEMGET IV 5ERNEERE
ZRARMXEL, BRILEL v SEABERXEEN
KBk, FE 49 AR P, RE BIMARIKES T IVEE
FUEFREREBIXEL, o, B 18 MHARKRE T VY
BE D, REDHEBERESER IV WERRI
ERPEMIZERT R B 20 IEARST v BEIT
MM VEH T2 EMARRRFITIC, B30, Ebenstein
¥V NEREEAAMREILERFTT LR, B
R REM S E AL F ARG IT M ABYZE L,
Heyes " 7E IV EEZR T HAMHAITIE T 2= KITHR
Y3t AR R E MBS N, &5, BABOHARKIR
ERA IV BERA T AARNERIEEER,.

RE v ZFRRITRER AP IR ZH
R A, BRI, Bk, ERMFIIERMELIRE
WREMHN V. LEHEUSS SN RENRER
TREMRRT, AT ZMHEEIEZ—INEER, EX
FRE— VXA T AR BENESSERY
HARNERZ (G ITE. EARHARFAMND 49 7= XHR
R, KA RIXBE— IV HITHOMW, RE 3WAR
EDHHPEET ZD V. Godzinski FYIESZ A Iv
NS B A MERE Iv; ESMBMRS,
MREBE LTS D8I v W5 5R#TE T, HERZ
FREZNIVEBRNSETUER—TES IVHE
FREDH Y, ERFLIIEF, IERZITEF
NEIR v, BRI SR AETRIEHIEEN v, B
FERTHIE IV IR T DA EBEREEEXKENE. BiE
WER IV IERE BEEAREELIEY, YLHE
AHIINE IV BY, Lewbel F R —FEE R 5 &K
BIVHEZ. SLETEHE IVRIE, RIEE IV
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Al ERBURIE DR 7 AR ER,

HR, SEMNERRERIFERITRARHE
BEENIKR, BIERA IV it 2 —5 YRR
Bl REFERE, BME 1T BN 329 F 39 F R
(local average treatment effect, LATE) " 540, TERAZS
PRI 5 IR A AR RBER X R, mEXRER
ZEN v, EX R FREAESNEMAE, F
BH1HAIZ LATE, X Fh LATE A BES X BUR HIE 78
BMRFEEM, ERRARANNNXHA, TG
STt BFFITIE: Heft-Neal F ORI AR LHMERE
BRIV IRER PM,, 58) LFETRE R KB, t{1igH
IV BHITHERARE M PM, XT) LE BRI FIIMN.
A, EFEBNEIRBEAGREUBESYAY IV it
ZZE, S—FHmE, NA IV G ZFHE R EE
MM N EERE ISR BER M 75 A B 58
REFISNRE) - F3TLL LRI, Moretti F*'5R FEY
FERERIN B—SRZYFHIT IV I, 7E 2SLS 5
—MEZMENEIPEE MRS R IENHT
EHTIEH, M Schlenker E¥RA S —F5%, B
[EIRY5 Z 480 H1E /5 F IR i HP B AR N K S a# 1T
R, AR ARENRS KRB HNE—E
Y39,

&iE, A IV IR ERITREEEIRE SRS
BN I BY TN FELR 4 RU N B9 R) . AFR RPTAINAY
B/ KA — R, FEB 2SS AT AR R
EEMEBTHUUNRBEESERIFLEXBKNE T,
BRIFEENRFE I G EZREZNRERN, — LM A
75, SR IV ATE—ERE L] DUR R LEfa) @,
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