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Background We conducted a meta-analysis to explore the relationship be-
tween exposure to air pollution and the risk of cognitive impairment of lon-
gitudinal cohort studies.

Methods PubMed, Web of Science and Wan Fang databases were searched
for relevant articles of longitudinal cohort studies published between January
1950 and September 2019. The pooled relative ratio (RR) and 95% confidence
interval (CI) were calculated using the random effect model.

Results Ten articles involving 519247 cases among 12 523553 participants
were included in this meta-analysis. The pooled RR of cognitive impairment
per 5 pg/m?® increments in exposure to particulate matter <2.5 pm (PM, 5)
was 1.08 (95% CI=1.03, 1.13; I?*=82.2% Pheterogeneiy<0.001). No association
was found between nitrogen dioxide/nitrogen oxide (NO,/NO,) and ozone
(O3) and cognitive impairment. For PM, 5 exposure, in subgroup analysis,
the above-mentioned significant positive association was found among stud-
ies conducted in population (RRper 5u9m*=1.05; 95% CI=1.01,1.09; I*=57.4%;
Preterogeneiy=0.016), in North America (RR,e; 5 ugm*=1.13; 95% CI=1.01,1.26;
[?=86.7%; Preterogeneiy<0.001) and with follow-up duration >10 years
(RRper 5 ygm?=1.10; 95% C1=1.03,1.17; I?’=86.3%; Pheterogencity<0.001).

Conclusions This meta-analysis suggests that exposure to PM, s might in-
i crease the risk of cognitive impairment.

Air pollution, mainly particulate matter (PM) and gas pollutants [1], is one of the
ten threats to global health in 2019, causing 7 million people dying prematurely
every year [2]. Updated estimations from the World Health Organization (WHO)
show that around 90% of the worldwide people are breathing polluted air [3].
Hence, air pollution has become the greatest environmental hazard to public health.

Cognitive impairment, mainly encompassing both Alzheimer disease (AD) and de-
mentia [4-6], is the 5" leading cause of global death in 2016 [7], occurring nearly 10
million new cases every year [8]. The cause of cognitive impairment is considered
to be a combination of genetic and environmental factors. As a modifiable environ-
mental factor, air pollution plays a crucial role in central nervous system diseases,
including cognitive impairment [9]. Accumulating animal studies indicated that
air pollutants could lead to neuroinflammation and oxidative stress [9-11], which
were involved in pathological evidence of cognitive impairment [12-16]. Based on
these findings, many studies have evaluated the association between air pollution
and cognitive impairment. Specifically, for PM, 5 exposure, a positive association
was found in four studies [17-19], whereas no significant association was shown
in other studies [20-25]. For NO./NOy exposure, although the risk of cognitive
impairment was illustrated in two studies [17,18], the link was not manifested in
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other studies [20,21,25,26]. For O; exposure, one study [17] revealed an inverse relationship with cog-
nitive impairment, while another study [20] found a positive relationship with cognitive impairment. In
light of the inconsistencies among the above epidemiological studies, we conducted a meta-analysis of
longitudinal cohort studies to synthesize the results of existing studies to evaluate the relationship of air
pollution with cognitive impairment.

METHODS

This meta-analysis was conducted according to the Preferred Reporting Items for Systematic reviews and
Meta-Analyses (PRISMA) guidelines [27].

Search strategy

We searched all relevant articles in English or Chinese from PubMed, Web of Science and Wan Fang da-
tabases published between January 1950 and September 2019. The following search strategy was used:
(air pollution or particulate matter or carbon monoxide or nitrogen dioxide or nitrogen oxide or sulfur
dioxide or ozone) And (cognitive impairment or dementia). The exhaustive search process in PubMed is
shown in Table S1 in the Online Supplementary Document. Furthermore, we reviewed the reference
lists of retrieved articles to identify additional relevant articles.

Inclusion criteria

The included studies ought to meet the following criteria: (1) longitudinal cohort studies published in
English or Chinese; (2) the exposure of interest was particulate (PM, s, particles with an aerodynamic
diameter 2.5 pm; PM,,, particles with an aerodynamic diameter <10 pm or PM, 510, particles with an
aerodynamic diameter 2.5-10) or gaseous (NO,, nitrogen dioxide; NOj, nitrogen oxide; Os, Ozone; CO,
carbon monoxide; SO., sulfur dioxide) air pollutants; (3) the outcome of interest was cognitive impair-
ment mainly including dementia and AD; (4) Multivariate adjusted odds ratio (OR), relative risk (RR) or
hazard ratio (HR) and their 95% confidence interval (CI) of cognitive impairment with exposures to air
pollution with per unit increase in pollutant concentrations (ug/m’, mg/m?, ppb, or ppm) were available,
or sufficient data could be used to convert these results.

Exclusion criteria

(1) Review articles and studies were written in other languages instead of English or Chinese; (2) studies
that did not estimate the relationship between air pollution and the risk of cognitive impairment; (3) results
cannot be converted into RR and 95% CI with per unit increase in particulate (PM, s, PM,o, or PM, 5.10)
or gaseous (NO,, NOy, Os, CO, SO,) air pollutants concentrations (pg/m?, mg/m?, ppb, or ppm); (4) du-
plicated articles; (5) not cohort studies.

Two investigators independently performed the literature search. If there was disagreement on an article,
the consensus was reached through discussion. If data appeared in more than one study, we would select
the most comprehensive data.

Data extraction

Data extracted from each identified study by two investigators independently as follows: the first author’s
name, publication year, study areas and country, age range or mean age of participants, sex, follow-up
duration, sample size, number of cases, measurement of exposure, the source of outcome, RRs (we pre-
sented all results with RR for simplicity) and their 95% CI with per unit increase in particulate (PM, 5,
PM,, or PM, 5.10) or gaseous (NO,, NOy, Os, CO, SO,) air pollutants concentrations (ug/m?, mg/m?, ppb,
or ppm), adjusted covariates.

The included cohort literature was assessed by the Newcastle-Ottawa Scale (NOS) [28].

Statistical analysis

We use the inverse variance and the number of participants to weight the study-specific log RRs that
can calculate the pooled RR with corresponding 95% Clto evaluate the relationship between air pollu-
tion and cognitive impairment. For consistency, all RRs were standardized to an increment of 5 pg/m’
of particular matter (PM, 5, PM, 519, and PM,,) concentration and 5 ppb of gaseous (NO,, NOy, Os, CO,
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SO,) concentration. It is hypothesized that there is a linear relationship of exposure to air pollution and
cognitive impairment. If studies reported RR, per u units not in per 5 pg/m’ of particular matter (PM, s,
PM, 510, and PM,0) or 5 ppb of gaseous (NO,, NOy, Os, CO, SO,), the RRyundwdizea Was computed by the
following formula [29]:

RRstandardizcd — RRumcremem unit (eg, 5)/u

Where u represents the increment utilized in the original study to assess the effects. We used a unit con-
version factor: 1 ppb=1.88 pg/m’ for NO,/NO, and 1 ppb=1.96 ng/m’ for O, and standard condition
is ambient pressure of 1 atmosphere and a temperature of 25°C [30].

We adopted to I? statistic to evaluate the heterogeneity, and the I* values of 0%, 25%, 50%, and 75% rep-
resent no, low, moderate and high heterogeneity, respectively [31]. The random effect model (REM) was
utilized as the pooling method. Meta-regression with restricted maximum likelihood estimation was used
to explore the potential covariates that may exert substantial impacts on between-study heterogeneity
[32]. Subgroup analysis was conducted by the source of outcome, study areas, follow-up duration, and
adjustment status for comorbidity and smoking. We carried out the leave-one-out sensitivity analysis to
examine whether individual study influences between-study heterogeneity [33]. Influence analysis was
performed excluding one study at a time to ascertain whether the aggregate results could be significant-
ly affected by a single study [34]. Additionally, the funnel plot and Egger regression asymmetry test were
used to estimate the publication bias [35]. All statistical analyses were done using STATA Version 15.0
(STATA Corporation, College Station, TX, USA). A two-sided P<0.05 was equated statistically significant.

RESULTS

Search results and study characteristics

On the basis of search strategy, a total of 11090 articles were identified, involving 1085 articles from
PubMed, 382 articles from Web of Science, 9622 articles from Wan Fang and one article from reference
lists. After removing 207 articles because of duplicates, there are 10883 articles left. Reviewing the title
and abstract later, forty-one articles were remaining. We further excluded thirty-one articles after review-
ing the full-text. The flow diagram of the literature search is displayed in Figure 1. The detailed reason
for full-text reviewed articles exclusion is provided in Table S2 in the Online Supplementary Document.
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Figure 1. Flow diagram of the literature search for the study selection process.
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Ultimately, ten articles [17-26], including 11 studies on PM, 5, 7 studies on NO,/NOy and 4 studies on Os,
were satisfied the inclusion criteria and were enrolled in this meta-analysis. Eight articles [18,21-26] were
population-based studies and two articles [19,20] were hospital-based studies. The duration of follow-up
ranged from 4 to 18 years, with three articles [17,22,23] following equal to or less than 10 years and sev-
en articles [18-21,24-26] more than 10 years. Concerning the study areas, four articles [17,20,24,26]
were performed in Europe, five articles [18,19,21,23,25] in North America and one article [22] in Asia.

The quality assessment indicated that the Newcastle-Ottawa score of cohort studies was not less than 7.
Specific quality assessments are presented in Table S3 in the Online Supplementary Document. The
characteristics of the studies are shown in Table 1.

Quantitative synthesis

Table 2 shows the summary risk estimates of cognitive impairment for air pollution according to study
characteristics.

PM. ; exposure and the risk of cognitive impairment

Eleven studies [17-25] comprising 519247 cases among 12523553 participants were included. The
pooled RR of cognitive impairment per 5 pg/m? increments in exposure to PM, s was 1.08 (95% CI=1.03,
1.13; *=82.2%; Pheterogenciy<0.001; Figure 2). A positive significant association (RRyer 5 ugm?=1.36; 95%
CI=1.24, 1.50; P=99.7%; Pheterogeneiy<0.001; Fig.S1 in the Online Supplementary Document) of cogni-
tive impairment with PM, 5 exposure was found after sensitivity analysis with the number of participants
as the weight.

We carried out subgroup analysis by the source of outcome, study areas, follow-up duration, and adjust-
ment status for comorbidity and smoking. PM, 5 revealed a statistically significant positive association
with the risk of cognitive impairment in population-based studies (RRper 59m*=1.05; 95% CI=1.01, 1.09;
P=57.4% Pheterogencity=0.016), whereas no statistically significant association was found in hospital-based
studies (RRyey 5 ygm?=1.20; 95% Cl1=0.82,1.75; I’=97.1%); Pheterogeneiy<0.001). Regarding study areas, the
RRper 5 ygm® were 1.13 (95% CI=1.01, 1.26; ?’=86.7%); Pheterogeneiy<0.001) for studies conducted in North
America, 1.34 (95% CI=0.94, 1.89; ’=73.4%; Pheterogenciy=0.005) in Europe and 1.10 (95% CI=0.98,
1.04) in Asia. For follow-up duration, the RRy. 5,9m* Were statistically significant among the studies with
following duration >10 years (RRper 5ugm=1.10; 95% CI=1.03, 1.17; ?=86.3% Phecerogeneiy<0.001), while
the association was not significant among the studies with following duration <10 years (RRyer sygm’=1.11;
95% CI1=0.95, 1.31; P=70.4%; Pretcrogenciy=0.018). There was a statistically significant positive relationship
between PM, s and the risk of cognitive impairment in studies adjusting for comorbidity (RRper 5 ugm?=1.10;
95% CI=1.03, 1.17; I?’=85.3%; Pheterogenciy<0.001), while no association was found in studies that did not
adjust comorbidity (RRper 5um?=1.07; 95% CI=0.90, 1.26; I?’=64.1%); Pheterogenciy=0.039). The combined
RRper 5 pgin® (RRper s g =1.21;95% CI=1.00, 1.46; I?’=57.0% Pheterogenciy=0.040) in smoking-adjusted stud-
ies were higher than that (RRye 5 ugm=1.06; 95% CI=1.01, 1.11; ’=90.2%); Precrogenciy<0.001) in studies
that did not adjust for smoking.

NO,/NOy exposure and the risk of cognitive impairment

Seven studies [17,18,20,21,25,26] comprising 285 752 cases among 2 589 907 participants were includ-
ed. The pooled RR of cognitive impairment per 5 ppb increments in exposure to NO»/NO, was 1.02 (95%
CI=0.99, 1.04; P=93.9%; Pheterogencity<0.001; Figure 3). A positive significant association (RRper sppp=1.03;
95% Cl1=1.02, 1.04; P=96.9%; Pretcrogenein<0.001; Fig. S2 in the Online Supplementary Document) of
cognitive impairment with NO,/NOy exposure was found after sensitivity analysis with the number of
participants as the weight.

We carried out subgroup analysis by the source of outcome, study areas, follow-up duration, and adjust-
ment status for comorbidity and smoking. NO»/NOj revealed a statistically significant positive associa-
tion with the risk of cognitive impairment in population-based studies (RRyer 5ppp=1.048; 95% CI=1.004,
1.094; P=68.5%; Preterogenciy=0.013), whereas no association was found in hospital-based studies (RRy.r s
b =0.99;95% CI1=0.95, 1.02; I?’=94.7%); Phetcrogenein<0.001). Regarding study areas, we didn't find relation-
ship in either North America (RRyer 5ppp=1.03; 95% CI=0.98, 1.08; I?=66.4%; Preerogenciy =0.051) or Europe
(RRper 5ppp=1.01; 95% CI1=0.98, 1.05; ’=90.1%; Preterogencity<0.001). There was no relationship between
NO,/NOy and the risk of cognitive impairment both in studies adjusting for comorbidity (RRpe 5 ppp=1.04;
95% CI1=0.99, 1.09; P=72.6%; Pheterogenciy=0.012) and not adjusting for comorbidity (RRye 5pp=1.00; 95%

JUNE 2020 + VoL. TONo. 1 » 010417 4 www.jogh.org * doi: 10.7189/jogh.10.010417



Air pollution and cognitive impairment risk

Sdddvd

(80T €01 90T (qdd ¢ 19q) anea 1uspeambo

(80T ‘€O'D) 90" T:(cw/3rl O 1od) “nea [euidLo €O

(6001
'x3s Aq paygnens uonounj pie ‘000°T) S00'T :(qdd ¢ 19q) anjea Juapeamba (70’1 o .
w
-zey aurpaseq Yim uonisod drwou ‘00°T) TO'T ;w8 07 19) anfea [eurdo QN paseq E— ﬁo%ﬂ«b oot xOZ,ONOZ (8rS 1D €1 ylog e [07]
-0D90100S PISL|-BaIe ‘SNILls [eILeut (660 [endsoy SUb pUE oz 805 ‘00T-$9 (61007) ©212D
- u
‘quaq jo aoefd ‘uoneonps 98y ‘96°0) 26°0 :(qdd ¢ 19q) anfea 1uateambo (6670 > pur AN Nd
‘96'0) £6°0 :(;w/S T 194d) anfea [eursiio “<ON
(o'l
‘96°0) 66°0 :(W/Bil ¢ 12q) anfea [ewSLO < NG
"STURISTUILUT 101 PUE UOTIEdN o o radd u.uﬁoomw e worEAmbs (00"
-pa ‘91e1 Judwikojdurdun [2A3-U0IS | £6°0) 860 (4c & 12d) 21| Teat .Aoo,H
. 96'0) 86'0 :(qdd £'9=4OI 194) anfea [eursio 0
-IAIP SNSU?D ‘101LDIPUl INOS/110U PO T220D
Kousprsar ueqan ‘mumb swoour Ppaseq €0 “ON  (918.1¢0) [8T]
anfu weiq opewnen wupdgs 0 .3& oy MMNMSHWW Mcwm_wnﬂ. S0 wonendog M at “ond ee99o0r b TOREETEE PRI 100 wan
-Ie ‘9INIej 11eal] 9ANSIZUOD ‘OIS ort(qdd T4t mm H ,nC. 124 [Pust ON
9seasIp 11edY A1BU010D ‘UoTIsUIad 1 (B (<0 H> €0 C> bs Ccart ‘e
Ay “sa19quIp Jo K10181 *xX98 9Ty +0'T :(cW/o1l ¢ 13d) an[eA Ju[eAIND (SO T *€0'T)
$0°T (W/3rig =1 12d) M[eA [BUISLIO “ TN
onel-dry-istem T i(cw/8d ¢ a9, .Amwﬂmmm MW.WW:S_uw (€T T 68
pu [oyod[e Xaput sseut Apoq But ° H A . E%zm bnc m5~m> umsmw:.o ¢ wmmmwmm u@m&o : ose Jpowt
jours Kpanoe [eorskyd ‘Surang $TT (¢ T 19d) an[eA [eUISLIO ‘ISNEYX? dyjel] paseq enusweg P “UNg (T09) - qog ‘cg-cc  uIpams [+2] (810D
. . (0€18 °00°T) uonemdog uostadsiq 9081 wpno
POOM TeITUAPISAT W] TN J ‘Isney o o
¢ g ¢ 66'8 (/B ¢ 1ad) 2anea 1wReamba (147 ‘00'1)
-X9 dUJje1) WOlj SN J ‘X3S 98y
GG'T :(qw/BT 19g) anyea [eutdLo ‘Furuing POopy
‘uotsua11adAy pue 2xo1s ‘sa1aqerp
Jo L1011y [E2IpaW dur[aseq ‘pgody o o
((qdd b
‘[oyoo[e ‘onel diy—istem xapur ﬂaﬂ H, wm, o mo ﬁ AW \wnm snww%_wm Huwmwnu :ow MmMMo enuawag N1 *ON (o) 81 q1og ‘¢8-CS  Uapams Gmmwﬂoc
ssew £poq ‘Bunjows Kranoe et (TTT1°86°0) SO'T (¢ 0T 13d) dnfea [eULSLIO hendod 9081 pno
-sAyd ‘uoneonpa ‘xas 98k durpaseq
(060
29°0) 62°0 :(qdd ¢ 13d) ampea yudpeamb? {(£:6°0
‘9/°0) 68°0 :(w/39¢ ¢ =01 12d) an[eA [PuISLIO €O
(SET 90D
“(2In[rey 119y ‘OIS ‘ISBISIP 11edy 171 :(qdd ¢ 199) anyea 1usreambs ((27°T ‘SO'T)
£ d T 4= 3110 ‘¢ €0 T
DTWIAYOST) u_vﬁmoawu uoneAldap oT'1 Amﬁ\w L+ 2 =¥01 13dq) 2M[eA [euidLo ‘CON paseq enuswag dpowt mu ON (1810 6 qog ‘62-0¢  ureig [21]
o[dnuu jo xopur ‘xopur ssett (6SE 60T 46T uonendog uorsiadsi(y SUN 8/60¢€1 (8T07) £a1eD

Apoq ‘Gunjows K1o1UYIR ‘X3S 98y

SINInLSnray

A%ﬁ&l G 19) anfea Eu_mZS_uw COTTI0T) 80T
(qu/BrgG 0 =g 12J) anfea [euwiduo ‘(dyjen) <INJ

(8T 11D
9 T :(¢w/3rl ¢ 19q) anpea WwREAMbD {(TT°T “TO'T)
90T :(sw/Brg6 0 =01 12d) 2n[ea [eUISLO <IN

(19 %56) 44

03LN0
10 194n0g

woaing

1NIN
-34NSYIIN 34nS0dX]

(sasva)

34nS0dX:
1 z1s 1dIvg

SHYIA
dn-MoTiog

xig
*(4van) 39y

Y]

AMINNDY (4v3A) “doHLNY

JJuduredwt 2anTuS09 Jo st 3y pue uonnjod Ire U29m19¢ UOTIBIDOSSE ) UO SAPNIS PIPNIOUT JO SONSLadeIey) | a|fe]

010417

JUNE 2020 + VOL. IONO. 1

www.jogh.org ® doi: 10.7189/jogh.10.010417



w8l 9 1=qdd 1 €O w8 g8 1=qdd T FON/CON :$10108] UOISIOATOD)

uotq 12d sired - qdd

Apnis [euISLIo J) Ul Pasn UONEITUIIUO0D €0 *ON ‘ON ‘SN JO JUIWIDUL Y] SIIOUIP N ‘ON[LA [RUISLIO SAIOUIP ¥ ‘ON[LA JUI[LAINDI SII0UIP PP 3] anfea Tud[eAmnba o) 01 anjea [eurStio ) SunidAuod 10§
UONENDI YT ST )¢ 55 run oo ¥ = PP Y] ONBA TUDLAIMbY {opot UOISSa15a1 asN-Pue — ()] AUOZO — €O OPIXO UIFoNTU — *ON IPIXOIp uafontu — QN ‘wrl ¢'zs 1onew aemonted — STAJ NSL JANR[L —

‘(uots
-ud11adAy “erwapidijsAp saiaqerp
‘swordwiks aarssardap jo aoussaid)

. SjuouwaINseaw
SONIPIQIOWOD pUe SIdX? ‘osnjoy o Juow
~o0[e *smwIs Sunjows ‘axons 1wap ,AS 1c8 .9 660 A.Ama\mn € 194) dnfeA udRAMbI paseq aedun MRS Suniq - (€€91) v _hSH — €zl
_puruosessamiessdw) spunoy 7€ 1 ¢470)86°0 {(w/B 0T 1od) onpea euiSo - uonemdog oapmugon,  oTwHEd pue 0$10¢ W 49 (€100) doo
-u0d renuaod o) ‘dn morjoj jo [pAsrpuneId
ISUI[ ‘YN ‘OUIODUT ‘XIPUT SSet
Apoq ‘uoneonps ‘uordar ‘ader A8y
B2 (90 T°00°T) €0'T :(qdd ¢ 193) anjea Juapeamba
Areuownd 2A1IONIISO d1UOIYD (1T °00°T) 90T :(qdd €9°6 199) anjea [eutdLio €O paseq B— suon 665D (27l
pue eulyise ‘o1s ‘uondIejul [erp ‘F0'1 ) : €O ““INd 01 ylog ‘GO reuryD
-1e20AU ‘9seasIp daIsua1IadAY ‘sm ‘86°0) TO'T :(cw/B1l G 19q) anjea Juapeamba {(T1°T uonemdod  uiRyzly w1 SuLonuon 0696 (c100) Bunf

-I[[W sa1qeIp ‘dwodut ‘x3s 9By ‘¢6°0) €0 (WS T ¢ T 12d) anfea [EuiSLO “CINJ
£1153qo pue ‘uorsuadAy aso (€01 €610)86°0 .3&.& < wu& oneA [PUIBLO ON . S
~19%a ‘s8nIp AIojPWILIRUI-NUE (2D 8T'T poaseq ANTP ! OreD (d|

enuRuRg ‘ON ““Nd 1 ylog ‘¢z epeued
« . . . . . Iw
10I915-UOT ‘35N UTWIRIA ‘X35 9Ty w@ 0) L0'T :(cw/3r ¢ 194) anjea EQEZS@W .Aow 1 uonendog EUL A[[9eS 6+Cs (9100 A
€6°0) #1°T :(w/3rl 0T 12d) 2n[ea [ewSLo “INg
‘uoneonpa pue juswfojduwaun
‘SIUBISTUIWT JUIDAL [[9AJ] eale ‘U013 “(6T'T ‘66°0) OT T :(qdd ¢ 19q) anfea reursuo TON
-1 WIRYMOU PUEB 0UIPISAI [eInt Ppaseq . ot (655D . [12]
Kunanoe (eoisfyd xoput ssewr poq (8T1 uopepdog A ant ONTIN o pe 8t HOA09 - EPEEED - (6107) ofuent
‘sneis Supjows ‘anumb awoour ‘66°0) #T1°T (w3 G 19q) anyea Juapeambd (49T
‘SNIeIS [EILIBUW “UONEINP? ‘XIS 9Fy ‘66°0) 67T (w8 0T 199) anfea [eursuo <IN J
3seqEIEp (SOV)
*95BaSTp JO A1119AS wANsAS Lrend) 61]
T
pue uorsstupe Lreuowndorpred paseq y (V) s£o . (€9+0€0)
. r oo T ol 3 I < 3
Joud Kue 10§ pue SnIels SIoU0dd (99T 6T D) 0T (/B ¢ 1) npea [eUBHO endsoy pruRa -ua8y uond nd 908186 a HoedeL ety Awwwwvzw%% ©
-010S [eNPIATPUL ‘Je1 ‘XS 9Ty -0IJ [eruamiuol ! R
-laug SN YL

W09LN0 NI (sasva) SHYIA xs [134]

wWoarn 38NS0dX A4LNNO
10 340§ 0 unsvaw 38nS0dXg 1 s TIdNYS  dN-MOTIO§  ‘(4v3x) 30y J (4v3A) “doniny

suawisnray (19 %56) 44

ponunuo) .— G_n_-w.—.

©
=
<1}
>
=

www.jogh.org ® doi: 10.7189/jogh.10.010417

* VOL. IONoO. 1 « 010417

JUNE 2020



Air pollution and cognitive impairment risk

Tahle 2. Summary risk estimates of cognitive impairment for air pollution according to study characteristics

PM; 5 NO,/NO

STUDY CHARACTERISTICS " RR (95% CI) P (%) [Frerm " : RR (95% CI) F (%) [Fsr
All studies 11 1.08 (1.03, 1.13) 82.2% <0.001 7 1.02 (0.99, 1.04) 93.4% <0.001
Source of outcome:
Population-based 9 1.05 (1.01, 1.09) 57.4% 0.016 5 1.048 (1.004, 1.094) 68.5% 0.013
Hospital-based 2 1.20(0.82, 1.75) 97.1% <0.001 2 0.99 (0.95, 1.02) 94.7% <0.001
Study areas:
Europe 1.34 (0.94, 1.89) 73.4% 0.005 4 1.01 (0.98, 1.05) 90.1% <0.001
North America 5 1.13 (1.01, 1.26) 86.7% <0.001 3 1.03 (0.98, 1.08) 66.4% 0.051
Asia 1.01 (0.98, 1.04) / /
Follow-up duration:
<10 4 1.11(0.95, 1.31) 70.4% 0.018 1 1.21 (1.06, 1.35) / /
>10 7 1.10 (1.03, 1.17) 86.3% <0.001 4 1.01 (0.99, 1.03) 94.4% <0.001
Adjusted comorbidity:
Yes 7 1.10 (1.03, 1.17) 85.3% <0.001 4 1.04 (0.99, 1.09) 72.6% 0.012
No 4 1.07 (0.90, 1.26) 64.1% 0.039 3 1.00 (0.97, 1.04) 91.2% <0.001
Adjusted smoking:
Yes 1.21 (1.00, 1.46) 57.0% 0.040 3 1.10(1.02, 1.19) 53.2% 0.118
No 5 1.06 (1.01, 1.11) 90.2% <0.001 4 1.00 (0.98, 1.03) 96.5% <0.001

author year RR (95% Cl) Weight(%)

Carey,IM 2018 :i=- 1.36(1.11, 1.82) 321

Carey, IM(traffic) 2018 i—i— 1.94 (1.09, 3.59) 063

Oudin,A(wood burning) 2018 J } 8.95(1.00, 81.30) 0.05

Oudin, A(traffic) 2018 H 1.93(0.07, 55.15) 0.02

ChenH 2017 1.04 (1.03, 1.05) 21.50

Loop,MS 2013 0.99 (0.85, 1.16) 6.62

Cerza F 2019 0.99 (0.96, 1.02) 19.96

Kioumourtzoglou,MA. 2016 1.46 (1.29, 1.66) 8.68

llango,SD 2019 1.14(0.99, 1.28) 8.49

Yu,YJ. 2016 1.07 (0.96, 1.18) 10.83

Jung, CR. 2015 1.01(0.98, 1.04) 20.02

Overall (I-squared = 82.2%, p = 0.000) 1.08 (1.03, 1.13) 100.00

NOTE: Weights are from random effects analysis

T T T
.0123 1 81.3

Figure 2. Forest plot for the pooled relative ratio (RR) and 95% confidence interval (CD) of studies on
PM, 5 exposure (per 5 pg/m’ increment) with cognitive impairment. The size of the gray box is posi-
tively proportional to the weight assigned to each study, and horizontal lines represent the 95% CI.

CI=0.97, 1.04; I’=91.2%); Pheterogenciy<0.001). The combined RRy.r 5, Were statistically significant (RRper 5
pb=1.10;95% CI=1.02, 1.19; ?’=53.2%); Pheterogenciy=0.118) in smoking-adjusted studies, but not in stud-
ies that did not adjust for smoking (RRper 5 pp=1.00; 95% CI=0.98, 1.03; ?=96.5% Phetcrogencity<0.001).

O; exposure and the risk of cognitive impairment

Four studies [17,18,20,22] comprising 282 944 cases among 2 644 151 participants were included. The
pooled RR of cognitive impairment per 5 ppb increments in exposure to Os was 1.00 (95% CI1=0.95,1.06;
?=92.9%; Pheterogencin<0.001; Figure 4). An inverse significant association (RRpe: 5p»=0.98; 95% Cl1=0.96,
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author year RR (95% CI) Weight(%)

1
1
Carey,IM 2018 : —OH 1.21(1.06, 1.35) 3.30
i
Oudin A 2016 —:—I— 1.05(0.98, 1.11) 9.08
'
1
'
Chen,H 2017 [+ 1.03 (1.03, 1.04) 24.19
'
'
[
CerzaF 2019 ol 0.97 (0.96, 0.99) 2233
1
!
Cerza,F 2019 . 1.00 (1.00, 1.01) 24.46
'
'
'
llango,SD 2019 -— 1.10(0.99, 1.19) 5.19
'
1
'
Yu,YJ. 2016 _'l_-:- 0.98 (0.93, 1.03) 11.45
'
Overall (I-squared = 93.4%, p = 0.000) <® 1.02 (0.99, 1.04) 100.00
'
'
1
'
NOTE: Weights are from random effects analysis :
T * T
741 1 1.35

Figure 3. Forest plot for the pooled relative ratio (RR) and 95% confidence interval (CI) of studies on
NO,/NOx exposure (per 5 ppb increment) with cognitive impairment. The size of the gray box is pos-
itively proportional to the weight assigned to each study, and horizontal lines represent the 95% CI.

author year ES (95% CI) Weight(%)

Carey,IM 2018 %ﬁ— 0.75 (0.62, 0.90) 7.02
Chen H 2017 - 0.98 (0.97, 1.00) 31.98
CerzaF 2019 — 1.06 (1.03, 1.08) 30.93
Jung, CR 2015 H— 1.03 (1.00, 1.06) 3007
Overall (I-squared = 92.9%, p = 0.000) <> 1.00 (0.95, 1.06) 100.00
NOTE: Weights are from random effects analysis
T T
62 1 161

Figure 4. Forest plot for the pooled relative ratio (RR) and 95% confidence interval (CI) of studies on
Os exposure (per 5 ppb increment) with cognitive impairment. The size of the gray box is positively
proportional to the weight assigned to each study, and horizontal lines represent the 95% CI.

0.99; P=95.2%; Pheterogeneiy<0.001; Fig.S3 in the Online Supplementary Document) of cognitive impair-
ment with Os exposure was found after sensitivity analysis with the number of participants as the weight.
Meta-regression

As displayed in Figure 2 high heterogeneity (I?=82.8%, Phetrogeneiy=0.030) was found in the analysis of
PM, 5 and the risk of cognitive impairment. Hence, we performed meta-regression with the covariates of
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the source of outcome (P=0.663), study areas (P=0.403) follow-up duration (P=0.993), whether ad-
justed comorbidity (P=0.679) and whether adjusted smoking (P=0.475) to explore potential sources of
the heterogeneity. However, no covariates contributed to the heterogeneity of between-study.

In the analysis of NO,/NOy and the risk of cognitive impairment, as displayed in Figure 3 high hetero-
geneity (I7?=93.4%, Preerogenciy<0.001) was found. The meta-regression with the covariates of the source of
outcome (P=0.219), study areas (P=0.065), follow-up duration (P=0.053), whether adjusted comorbidi-
ty (P=0.979) and whether adjusted smoking (P=0.540) to explore potential sources of the heterogeneity,
and no covariates contributed to the heterogeneity.

Sensitivity analysis and influence analysis

For the PM, 5 exposure and the risk of cognitive impairment, we carried out the leave-one-out sensitivi-
ty analysis. After excluding two studies [19,20], I? decreased from 82.2% to 57.4% (P=0.016), and the
result remained significant (RRper 5um'=1.05; 95% CI=1.01,1.09; Figure S4 in the Online Supplemen-
tary Document).

In the influence analysis, no individual study had an overmuch impact on the pooled effect for PM, 5 and
NO,/NOy with the risk of cognitive impairment (Figure S5 in the Online Supplementary Document
and Figure S6 in the Online Supplementary Document).

Publication bias

The visual scrutiny of the funnel plot (Figure S7 in the Online Supplementary Document and Figure S8
in the Online Supplementary Document) seemed to be asymmetrical for PM, s and NO,/NOy, while the
Eggers test displayed no evidence of significant publication bias in the analysis between PM, 5 (P=0.155)
and NO»/NOy (P=0.792) and the risk of cognitive impairment, respectively.

DISCUSSION

This meta-analysis of longitudinal cohort studies included 10 articles to quantitatively evaluate the associ-
ation between air pollution exposure and the risk of cognitive impairment. The results demonstrated that
exposure to PM, s was significantly related to an increased risk of cognitive impairment. More specifically,
for every 5 pg/m’ increase in PM, 5 concentration, the risk of cognitive impairment increased by 8%. Nev-
ertheless, there is no statistical association between NO,/NOy and Os exposure and the risk of cognitive
impairment. And the correlation direction did not change after sensitivity analysis. For PM, 5 exposure,
subgroup analysis showed significant associations in population-based studies, studies that conducted in
North America and studies with follow-up duration >10 years.

Several biological mechanisms have been put forward for the positive relationship of particulate matter
(PM) with cognitive impairment. First, exposure to air pollution, particularly PM might cause neuroinflam-
mation, oxidative stress and change brain innate immune responses in early adulthood [36]. At present,
inflammation and oxidative stress have been confirmed as basic mechanisms by which air pollution may
affect central nervous system disease (CNS) [9]. Second, PM can activate microglia [37], excessive and
chronic activation may lead to neurotoxicity [38]. Importantly, microglial activation has been implicated
in the progression of diseases such as dementia [39]. Third, the olfactory bulb is another pathway [40]
through which PM enters the body, reaching the brain directly and inducing a series of changes such as
increased the level of amyloid-B42, hyperphosphorylated t, and neural degeneration [41,42].

High heterogeneity appeared in this meta-analysis of PM, s and NO»/NOy and the risk of cognitive im-
pairment. To search for potential heterogeneity, we performed the following work. Meta-regression was
performed to detect the potential factors that contributed to heterogeneity between studies, however, no
factors were found to do with it. We also conducted influence analysis, and the results indicated that no
individual study had an excessive impact on the pooled effect of PM, 5 and NO,/NOy and the risk of cog-
nitive impairment. For PM, 5 exposure, the leave-one-out sensitivity analysis indicated that two studies
[19,20] affected the heterogeneity and after further excluding two studies, the pooled RR was decreased
but not altered substantially. In two studies, the source of outcome was from the hospital-based popula-
tion, which was likely to not cover all patients and could introduce selection bias.

Our study presents several advantages. First, our meta-analysis included a large number of participants
from longitudinal cohort studies, providing high statistical power and making it more likely to obtain a
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reasonable conclusion. Second, the pooled RR of this meta-analysis was based on data on dose-response
relationships in the original studies, thus the existence of causation was further supported. Furthermore,
to minimize between-study variation, we normalized the exposure levels of PM, 5, NO,/NO, and Os across
studies into uniform units, and the pooled RR was standardized per 5pg/m’ increments for PM, 5 and 5
ppb for NO»/NOy and Os. Third, original studies were all fully taken into account potential confounders
such as age. Moreover, sex, comorbidities, and smoking were adjusted for in most studies. As well, the
quality assessment score of each study was higher than 7, demonstrating that the quality of the included
articles was generally good.

Nevertheless, several limitations of our meta-analysis should be recognized. First, although as much as
possible potential confounders were adjusted for in most studies, several studies still did not adjust for
potential confounders, such as comorbidities. Comorbidities include heart disease, stroke, diabetes, hy-
pertension and so on, which may elevate cognitive impairment risk [43-45]. In the analysis of PM, 5 and
cognitive impairment, a significant association was found in studies adjusting for comorbidity, but no as-
sociation was found in studies that did not adjust for comorbidity, therefore the combined result was un-
derestimated. Second, varied exposure assessment methods differed in its ability to provide estimates of
individual exposure levels, which might increase the instability of the results to some extent. Third, the
definition of cognitive impairment was inconsistent, resulting in misclassification bias.

CONCLUSIONS

In summary, the results of this meta-analysis demonstrated that exposure to PM, s was associated with an
increase in cognitive impairment risk. The results may have substantial public health significance for the
prevention of cognitive impairment through air pollution interventions.
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