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The book of Why. Pearl (2018)



Counterfactuals

; <Imagination>

I) .

1 , -What if | had done..?
| 3. COUNTERFACTUALS

|J!'. I| ACTIVITY:  Imagining, Retrospection, Understanding - W h y ?

QUESTIONS:  What if T had done .7 1hy?
’ (Was it X thar caused Y7 Whar if X had not
1 A oceurred? What of 1 had acted differently?)

] | EXAMPLES:  Was it the aspirin that stopped my headache?

) i et Y1 o o i Intervention
] last 2 years?
<|Intervention>
(2. INTERVENTION .
ACTIVITY:  Doing, Intervening 'W h at If I dO . ?

QUESTIONS:  IFhar i T .7 How?
(What would Y e if Tdo X2

; E: -_F:[;_Q]_N_G___—___: 'IIITI |I IJk: Haowr can I make Y happen?)
i EXAMPLES:  If T rake aspirin, will my headache be cured? AS S O c i a t i o n
Whar if we ban cigarerrese
— <Observation>
(1. ASSOCIATION -“What if | see..?

ACTIWITY:  Seeing, Observing

C&EST[ONS: W hat if I ree .. f
(Howr are the variables related?

How would seeing X change my belief in Y?)

EXAMPLES:  What does a symptom tell me about a disease?
What does a survey rell us about the
('I.I."'.:I'.H M1 IS llf";

The book of Why. Pearl (2018)
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Causal Assumptions

{RTE D £ H5 Rk
FfHT & XM AEM Z CEREMIERIC, X-YBICKBBTRAFI AL, 2T
(Conditional Exchangeability) /¥y 7 F7REBIFL 5N TW5,
IEf&M (Positivity) RZDHEAEHEICEVTPX) 0 THL,

XPHAENESICKBCBRAINEY &, XPEDOEERS &

—Ht (Consistency) R AD B SN ECBEENS THA )Y EH—HT 5.

fEEOHREER% L HBBANCHT B XOEE, BOBAOXICE > TRHEE
(No interference) (440

o ;ﬁ;’;ﬁ&m P9 b b ORI DEL TFUNE L CREEATIS
SEREE R )| ETVEAUSEBIELTE L CHESATLS,
T HEED (R - BRM0) BRCES/ PINE,

HE i BEF
EEFIRFTE BRI - RF D
7o DR G L 2 F + —F 5[]



REFRBEERICHRTESRNSDM?

EFEENBEEL]: (AIohDNMAERIT) HBEE LA, (MAZEZIS
Bhotz) BEDT T MHLZREKT B TCEEHRENREZHT T 5,

Db LEALELRFTRAEY VEBEESZITTULED

TAED 85

TR L5 (EEECEL) 30 300 200

SN TAE %5 ? ?

7AE) LIEHRE (REE) [20] 200 (23] 2300

= 30+ [20] 500 2+ [23] 2500
REEUZY =ﬁ=o.025

@b LEFAZELFTREY VBEEZZIFTTUVWEDL>T=D

EE FEETA | BEREERE BHRESRE | o
? ?

TAED LIFRE

TAEY LS (REZ) [90] 300 6] 200

TAE LEHEE 7(7%;; t"éﬁﬁg 60 200 69 2300

&5t [90] +60 500 [6] +69 2000
REEY 25 =225=0,075

| cowzzmasv TEENIRAE BB L
3 EEOAA | BERESRE TR R
2

| =emsemesy BRE IS L

TACUVEEICLS
TEEN AR 26 2 DD

N

NRERD S,
(XEERBHBO /b, Tl
BEIREBEHEDH ET 2)

FRV R =
= 0.025-0.075
= -0.050

ERYRILE
= 0.025/0.075
= 0.333

#—t\ f/jw\ %%‘
FEZIRIE BT
SEZHFGE D 7= b D [K]-BHE
Fal o F + —FE4/[6]



AEBDT7OTH

> DAGZHWTHABREN=EIRT 5,




DAGZAHWTCHREERZEET S

o ZEHRLTOELY %

L)

L)

DAG & % 7
DAG %k D RO EAKREIF
DAG D

i N B

v AETSEERERRT S

Pretreatment criterion
Common cause criterion
(Modified) Disjunctive cause criterion
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When in Doubt, DAG It Out

Onyebuchi A. Arah®P=42

Biometrika. 1995 Dec 1;82(4):669-88
Epidemiology.2019 Jul;30(4):517.
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Confounding bias

Fracture seems to be “associated with”
income through age

C
(Age)

X Y
(Fracture) (Income)



Simpson Paradox

Is exercise good or bad for our cholesterol levels?

O
Cholesterol Cholesterol 28000 égooo(’g;ggg 2
55

- X

Exercise

Exercise

Causal Inference in Statistics: A Primer. Pearl (2016)



Misclassification bias/Measurement error

Depression seems to be “associated with” self-reported
income due to (differential) measurement error

Uy

|

Y*
(self-reported
Income)

|

X Y
(Depression) (Income)



Misclassification bias/Measurement error

(Independent) Nondifferential misclassification

UX UY
X* Y*
(self-reported (self-reported
diabetes) Income)
X Y

(Diabetes) (Income)



Misclassification bias/Measurement error

(Independent) Differential misclassification

UX UY
X* Y*
(self-reported (self-reported
diabetes) Income)
X Y

(Diabetes) (Income)



Misclassification bias/Measurement error

(Independent) Differential misclassification

UX UY
X* Y*
(self-reported (self-reported
diabetes) Income)

| |

X Y
(Diabetes) (Income)



Misclassification bias/Measurement error

(Independent) Differential misclassification

UX UY
X* Y*
(self-reported (self-reported
diabetes) Income)
X Y

(Diabetes) (Income)



Misclassification bias/Measurement error

(Dependent) Nondifferential misclassification

UX UY
X* Y*
(self-reported (self-reported
diabetes) Income)
X Y

(Diabetes) (Income)



Misclassification bias/Measurement error

(Dependent) Differential misclassification

UX UY
X* Y*
(self-reported (self-reported
diabetes) Income)
X Y

(Diabetes) (Income)



Collider bias/ Selection bias

By restricting the analysis to patients who are hospitalized,
depression seems to be associated with fracture due to
collider bias.

X Y
(Depression) (Fracture)

[S]
(Hospitalized patients)



Collider bias/ Selection bias

[Study sample
selection| \
Income - CVD
(Unmeasured
c;nfounders)
| Loss to
_ follow-up]|
Income - CVD

Is healthy worker bias selection bias or confounding bias?



Let’s Make a Deal: Revisited




Monty Hall paradox

Car hidden behind Door 1

Car hidden behind Door 2

Car hidden behind Door 3

Player initially picks Door 1

iR

ik

i

Host randomly opens either
goat door

Host must open Door 3

Host must open Door 2

b =~ | b/ @ @
Probability 1/6 | Probability 1/6 Probability 1/3 Probability 1/3
Switching Shitiohing Switching wins Switching wins
loses loses

http://www.math.keio.ac.jp/~ishikawa/QLEJ/index068.html



http://www.math.keio.ac.jp/~ishikawa/QLEJ/index068.html

Monty Hall paradox

F—2ZDLDREF TR,
F—ERESELNBNERT D I EHE

=

EIR L7 F7 (X) EfED K77 (Y)

NS

[AEE’FHAWNEZ KT (2)]

Z£% . Mathematical proof by Bayes’s rule

P(Y=D,| X=D,, Z=D,)

—P(Y=D,, X=D,, Z=D,)/P(X=D,, Z= C,)

—P(Z=D, | X=D,, Y=D,)P(X=D,, Y=D,)/P(X=D,, Z= D,)
—2xP(Z=D, | X=D,, Y=D,)P(X=D,, Y=D,)/P(X=D,, Z= D)
~2xP(Y=D,| X=D,, Z= D,)
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Pretreatment criterion
Common cause criterion
(Modified) Disjunctive cause criterion



Notation
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Z: RIET L

X: FAT (VRI7ET)
S: 77 MALDFH
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Pretreatment Criterion

K IREBELYAICRIESN =T R TOEKTHET S

BT LHIEHEFBEZEDRIAEINT-LDIZHIET HZLT.
BICEETZITHLNRD—EZEHEIE ) FRERNEEND
YR O%EITHNS,

BREBELTIMLOEBORRTHNIE. TXTREICEKITITS
I$9 THAH=6H. COEHFRIRIFEITE LTS,

L rA hY

N

European journal of epidemiology. 2019 Mar;34(3):211-9.




Pretreatment Criterion

LA, COF7TA—F TEAATREELDEMES A TLEST
REE AN

LI T OHITlX., Pretreatment Criterion|Zf5 & WH S E T RE
EHELTGEIRSNDON WIZKDREBIEIERB/NNMT A=5|EH
—LTLZED,

(e

Uy

W A ""Y

European journal of epidemiology. 2019 Mar;34(3):211-9.



Common Cause Criterion

KBRBELTIMNLOHKBEDRRZT XTHETS

ETOHBEDFERZHETHIENTENIL, RIFIEXTALATHE
TH D,

LHL. HBOEENKRBEDEZSILIZDRY TIELGLY, LTD
BITIELZFARE T AL TRIBEXM U TES—7A . Common Cause
CriterionTIX (P O FALDIRETHELY) LIFE RSN,

N

European journal of epidemiology. 2019 Mar;34(3):211-9.




Disjunctive Cause Criterion

Pretreatment Criterion: T Z W E L EIT:EATLES,
Common Cause Criterion: B G ZE#ZEELEYZIFLTLED,

—Disjunctive Cause Criterion: EZFZ#HT&HEB=-770—F

KRBELYEICAESNA-ZEHRT. RE-TIOMLLWT AL
RETHNITHET S

CO770—FZzRAWSE, EBOFITHEY I SRBELEHZEIR
L./ \AMF7RZzEIEETHENTES,

Vs (U) A Y

European journal of epidemiology. 2019 Mar;34(3):211-9.



Modified Disjunctive Cause Criterion

Modified Disjunctive Cause Criterion

KRBELYEICAESA-ZEHRT. BRE-TIOMLLWT AL
FRETHNISRET S HEEEHZSHLAL

Disjunctive Cause CriterionT=& AZ{EZ U HT=FZHIRED
JRRTHA=O. AT HEHELTEIRINTLES, — AT,

BRERHZZHRBEITSHE RAERHUICKORIREIERT HC
EMRNONTUNDT=8 ., EHEHNETIEAELY,

(U)\\

European journal of epidemiology. 2019 Mar;34(3):211-9.




Modified Disjunctive Cause Criterion

Modified Disjunctive Cause Criterion

KREBESYEICAESN-ZERT. RE-TIMLLVTIAD
RETHNITHETS+EELTIHLOXBEDFRED

rox &H5

X

FUDproxy THAHWIE

Disjunctive Cause Criterion TCIFEIRINLELY, — 5 TWEERZE
I AHCET UIZEKBNATREE T T HR[EEENH S,

o

(U\ . A

W

Y

European journal of epidemiology. 2019 Mar;34(3):211-9.



Modified Disjunctive Cause Criterion

VIBEZELYEIZATEIN-ZEHT. BEOREFEIL
TIOMMLDIRREREGZLAERZTEHH(EERIL—IL),

VIREEREE AN DERZERCEMIL—ILQD),

VIRBELTOMLDEBEBDOREE Dproxy THAEH %
EHBHGEMIL—ILD),

European journal of epidemiology. 2019 Mar;34(3):211-9.
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EDERERABTHREN?

REE & BhE S 2 A F T N EEK

Bl BIEERBZRET DL RAEXRBEAFICKDH/ AT AN
HEshdEAFMLNTINS,

< EL{Kf1> (V)
H>7)L%k 100,000 OR=1_5\ OR=15
IREEDIEE 35%

TN LDIEE 10% Z —— A MV
OR=5 OR=2
ADYIZxT B UTERAE SETL ZCERE

FSESIES (ISMTRIEL) | USMMTRABY) |UNLTAHY)
v H 1.99 2.23 2.31




EQERERET H_EM ?

TS~ X LH

R & B3 2R £

Pl BIEERBZHRET DL RAEXBEAFICKDH/ AT AN

B hZTERMBN TN,

Xf=1=L.zZhUEDLTHEAEL TS
eI ZZFABLTUIZKE/NMTR

BT HAD. EEDINAT X% 3.4

KT B EIZDEN S, 3

826

(U) 022

/// 1.8

s 1.4
/7’ —— A — Y

- — Without adjustment of near-1V
— With adjustment of near-1V

0.01 0.05 0.1 0.2 0.3

Relationship between near-1V and
unmeasured confounder (beta)

BMC medical research methodology. 2022 Dec;22(1):1-0.
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REE & BhE S 2 A F T N EEK
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EQERERET H_EM ?

REE & BhE S 2 A F T N EEK

B2 PRIZE#HZRET HE ORBE-FRIEF-TIMILD
ERZECARETTES @FLLWVALTABELTLES,

< B> (V) _

> 7 )LEL 100,000 OR= \ OR=2

IREEDEE 50%

7oA LDSERE 10% Ao M—-—
\ OR=3

ADYIZxTF B RETL MEUTERE MTCERE
FSESES (INATFTRIEL) | UNMTRABY) |\ TFTAHY)

v H, 3.55 3.00 2.60
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BRELAFAISHELIR—RTA BRI BRFLEZDOMN?

TNELFREFEDH?

Uncontrolled common
causes of obesity and

health outcomes
I

I

I

I

I

[Obesity,,] ! > [Obesity,,]

,l
I
I

N

—>  Health outcomes

[Common causes of PFAS, / Toxics. 2020 Dec 20;8(4):125.

obesity, and health outcomes]
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Education —» Cognitive Function

Change in Function
19195 1565-1858

[ GugnT;;& Score ] Observed Change Score

/ 1995-1908

I"Eaﬁ"‘rﬁ;:;t Error Measurement Error

1998

Unmeasured Chamge in Funciion
Causes of Decline 1895-1548

\\ :

B _ Observed Change Score
Education —» [Cﬂgnrh:;;;"ﬂhﬂn] 1995-1998

American journal of epidemiology. 2005 Aug 1;162(3):267-78.
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Propensity Score Methods
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Estimating the joint effect of diabetes and subsequent
depressive symptoms on mortality among older Latinos

Baseline covariates

age, sex, country of birth, education Follow-up (time-varying) covariates
levels, married, smoking, alcohol, BMI. waist circumference
occupation, physical activity, BMI, " hypertension, cardiovascular disease,
waist circumference, hypertension, statin prescription.

cardiovascular disease, statin

prescription, LDL cholesterol,
depressive symptoms (at enrollment)

L 4 L 4
Diabetes R Depressive symptons s Cardiovascular death
(at enrollment) (at follow-up) All-cause death

Annals of Epidemiology. 2021



Estimating the impact of sustained social participation
on depressive symptoms in older adults

(A) Analysis of social participation at baseline

Causal Contrast of Interest
1. Prevalence Difference

Prryo™ = 1] = Pr[v™ = 1]

2. Prevalence Ratio

Pryyo™ = 1]
Pr[y =" = 1]

(B) Analysis of time-varying social participation from two time points

e
Ly — > Ay — L, —> A,
e =

Causal Contrast of Interest
1. Prevalence Difference

Pr[yle=t®=t = 1] — pr[yfe=04=0 = 1]

2. Prevalence Ratio

Pr[yau=1.a1=1

) |

1
Pr[yzaE,:D.al =0 1J

Epidemiology 32(6):p 886-895



Type of Social Participation

Sustained social participation may be a key for long-term

prevention of depressive symptoms among older adults.

———
_e_
Any Activity 1 .
" 5 Hypothetical Intervention
Sports 1 — —e—A ¢ Participation in 2010
o ¢ No participation in 2010
* o ® Participation in 2010 and 2013
Volunteer = + Participation in 2013 withholding participation in 2010
B o + Participation in 2010 withholding participation in 2013
HobE: —— —G—A b Never participated
—a—
“— = Analytic Approach
Local Community 4 A ’ Baseline exposure
Y —
ied # Time-varying exposure
S
Senior Club 1 — i
—8-
0.18 021 024 0.27

Estimated Prevalence of Depressive Symptoms in 2016

Epidemiology 32(6):p 886-895



Mediation & Interaction

Current environmental health reports, 7(3), pp.231-242.



Aldosterone

Serum Aldosterone Concentration, Blood Pressure,
and Coronary Artery Calcium
The Multi-Ethnic Study of Atherosclerosis

Kosuke Inowel, Deena Goldwater, Matthew Allison, Teresa Seeman.
Bryvan R. Kestenbaum, Karol E. Watson

Serum Aldosterone Concentration, Blood pressure, and Coronary Artery Calcium: Multi-Ethnic Study of Atherosclerosis

Aldosterone and CAC

Adjusted relative ratio of CAC (95% Cl)

(=4
3

N
(=)
1

-
@
1

-
(2]
"

=
s
1

=
N
N

-
o
1

-

20 -

1.8 4

16 1

14

1.2 4

1.0

0

50 100 150 200 250 300
Serum Aldosterone Concentrations (pg/ml)

{

PRA < 0.5 pg/Uh PRA > 0.5 pg/L/h

Adjusted relative ratio of CAC (95% Cl)
per 100 pg/ml increase in aldosterone

I Mediation Analysis |

Aldosterone

Mediator

Systolic BP

Diastolic BP

Blood
Pressure

Indirect effect
(around 45% of
total effect)

Coronary Artery

¥ Calcium (CAC)
Direct effect

m Total effect = Indirect effect

= %mediated=43%
= %mediated=48%

1.0 1.1
Adjusted relative ratio of CAC

*High Impact Paper for Fall

1.2

2020 in Hypertension



Contribution of Vaccinations to Reducing

Socioeconomic Disparities in COVID-19 Deaths

A (exposure): Poverty rate.

M (mediator): Vaccination rate (up to December 315, 2021).

C (confounders not affected by exposure): proportion of males, proportion aged 65+ years, proportion of
individuals by race/ethnicity, proportion of adults without a 4-year college diploma. Additional analyses
included proportions of smokers, adults with diabetes, obese adults, adults with chronic obstructive pulmonary
disease, adults with high blood pressure, adults with coronary heart disease, and adults with stroke.

Y (outcome): COVID-19 deaths per 100,000 population (April to December 2021).
Annals of Epidemiology. 2023



The reductions in COVID-19 death rate and the proportion eliminated
of the poverty-COVID-19 death rate association by vaccination rate.

600 1

COVID-19 deaths per 100,000

A. Maximum (95.0% fully vaccinated)
o ¢ Effect | Lower CL | Upper CL | P-value
Total effect 25.4 20.3 30.5 <0.001
Controlled direct effect | 4.9 -7.1 17.8 0.40
¢ Proportion eliminated 0.81 0.33 1.28 <0.001
()
0. o. ° °®
o0 o o
% ’0 [ o 00 )
e o %

o ®o Observed
vaccination rate

® Vaccigation rate
maximized

10 20 30 40
Poverty rate (%) Annals of Epidemiology. 2023



Mediation & Interaction

a Controlled direct effect b Reference interaction effect
AN N A )
C—X—M——Y C—X— M —>Y

C Mediated interaction effect d Pure indirect effect
m m
C——X—/M—Y C—»X—>M—>Y

Current environmental health reports, 7(3), pp.231-242.



Mediation & Interaction

Controlled direct effect (CDE)

Mediator:
Adult socio-economic status (2013)

~,
PP
-

7 \,
/ \
7
J ACGE x Adult SES AN
4 Fa ~
Vi ,” \‘s RS
’ - ~o A Y
/ g ~. %
'O \‘
Exposure: Qutcome:

Adverse childhood experience Depression in 2016

Mediated interaction effect (INT,.)

Mediator:
Adult socio-economic status (2013)

Qutcome:
Depression in 2016

Exposure:
Adverse childhood experience

Reference interaction effect (INT,.)

Mediator:
Adult socio-economic status (2013)

~,
o —————
”

Qutcome:
Depression in 2016

Exposure:
Adverse childhood experience

Pure indirect effect (PIE)

Mediator:
Adult socio-economic status (2013)

o

ACE x Adult SES

Qutcome:
Depression in 2016

Exposure:
Adverse childhood experience

Table 4. Decomposition of the estimated effect of adverse childhood experiences on depressive

symptoms mediated by adult socioeconomic status (N = 7,271)

4-way decomposition Estimated Effect (95% CI)  Proportion Attributable Proportion Attributable to Interaction 26.5%
Total Effect 0.40 (0.25, 0.59) NA _Proportion Eliminated 30.9% ]
CDE 0 28 (0 08_0 46) A9 104 Proportion Mediated 10.1%
| INT 0 08 (001 _015) 208% |
0,
INTimed 0.02 (0.00, 0.06) 5.1% Social psychiatry and psychiatric epidemiology,
PIE 0.02 (0.01, 0.04) 4.4%

57(6), pp.1147-1156.




Instrumental Variable Methods

Z: Instrumental

Y Outcome

Variahble /F X: Exposure
U: Unmeasured ///

Confounder

. E(y|z=1)-E(y|2=0)
IV assumptions E(X|Z=1)-E(X[Z=0)

Z is not independent of X

Z is independent of U

Z is independent of Y conditional on X, U, and C
Monotonicity or no defier

Glymour et al. Methods in Social Epidemiology. 2006.



Mendelian randomization

RED : BIn T4 RSEE LEEL T 5,
KED : BIo %A TY M AL LIGEDFEREZ A L Thinb,
REG : BILFLRIIBZE LN L CORT vV P ALICHERE 2 5,

ﬂiﬁo - ARMNTE 586
E &?Lﬁé > BRT U kA L
—— I
kEG

RE@-a:BEDOT Y P AHLICEZZEIEANCLELOT —ETH 5,
RED-b : BIo %R L BRBROBEIIHAIC X O FT—ED M TH 5,



Primary Aldosteronism and Risk of Cardiovascular Outcomes:

Genome-Wide Association and Mendelian Randomization Study.

b)

Confounding

|
v?vrzs : - N(?)P factors
® HOTTIP | !
| ‘ ® | 2
: i i
; i

ol
!
A ! |
' “ ‘I ' ' "H'ﬁ 7identified Primary Cardiovascular
variants Aldosteronlsm outcomes

T
1 2 3 K 8 9 10 n IZ 13 |5 17 19 21 X

Chromosome

15
®
- OF
3
-

~log10(P)
Y
X

c)
A: Coronary artery disease (East Aisan) B: Congestive heart failure (East Aisan) C: Stroke (East Aisan)

MR Test MR Test MR Test
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Option 1. Draw DAG of your own research

Option 2. Draw DAG of the following paper

Abstract
We used marginal structural models to evaluate associations of social support with antepartum
depression in late pregnancy, if everyone had had high social support both before pregnancy and
during early pregnancy, compared with having low social support at one of the 2 time points or
low social support at both time points. In 2012-2014, pregnant Peruvian women (n = 3,336)
were recruited into a prospective cohort study (at a mean gestational age of 9 weeks). A follow-
up interview (n = 2,279) was conducted (at 2628 weeks of gestation). Number of available
support providers and satisfaction with social support were measured using Sarason Social
Support Questionnaire—6. Depression was measured using the Edinburgh Postnatal Depression
Scale. Low number of support providers at both time points was associated with increased risk
of depression (odds ratio = 1.62, 95% confidence interval: 1.12, 2.34). The association for low
satisfaction at both time points was marginally significant (odds ratio = 1.41, 95% confidence
interval: 0.99, 1.99). Depression risk was not significantly higher for women who reported high
social support at one of the 2 time points. Our study reinforces the importance of assessing
social support before and during pregnancy and underscores the need for future interventions
targeted at increasing the number of support providers to prevent antepartum depression.
American journal of epidemiology, 187(9), pp.1871-1879.



X is a cause of Y if Y listens to X and decides

its value in response to what it hears.

—Judea Pearl



References

1. BREREARE - BEMRDO-DHORRMERL 7 F v — [F3[E] BRHRICDAGZERT S

Greenland S, Pearl J, Robins JM. Causal diagrams for epidemiologic research. Epidemiology, 1999:37-48.

3. Digitale JC, Martin JN, Glymour MM. Tutorial on directed acyclic graphs. Journal of Clinical
Epidemiology, 2022;142, 264-267.

4. VanderWeele TJ. Principles of confounder selection. European journal of epidemiology, 2019; 34, 211-219.

5. Glymour MM, Weuve J, Berkman LF, Kawachi I, Robins JM. When is baseline adjustment useful in analyses of
change? An example with education and cognitive change. American journal of epidemiology, 2005:162(3), 267-
278.

6. Inoue K, Goto A, Kondo N, Shinozaki T. (2022). Bias amplification in the g-computation algorithm for time-
varying treatments: a case study of industry payments and prescription of opioid products. BMC Medical
Research Methodology, 22(1):120.

7. Inoue K, Tsugawa Y, Mangione CM, Duru OK. (2021). Association Between Industry Payments and
Prescriptions of Long-acting Insulin: An Observational Study with Propensity-Score Matching. PLOS Medicine:
18(6), e1003645.

8. Inoue K, Yan Q, Arah OA, Paul K, Walker DI, Jones DP, Ritz B. (2020). Air pollution and adverse birth
outcomes: Mediation analysis using metabolomic profiles. Current Environmental Health Reports; 7(3):231-242

9. Inoue K, Goldwater D, Allison M, Seeman T, Watson K. (2020). Serum Aldosterone Concentration, Coronary
Artery Calcium, and Mortality: The Multi-Ethnic Study of Atherosclerosis. Hypertension. 76(1):113-120.

10. Goto R, Kawachi I, Kondo N, Inoue K (2023). Contribution of Vaccinations to Reducing Socioeconomic
Disparities in COVID-19 Deaths Across US counties. Annals of Epidemiology 86:65-71.e3

11. Shiba K, Torres J, Daoud A, Inoue K, Kanamori S, Tsuji T, Kamada M, Kondo K, Kawachi I. (2021). Estimating
the impact of sustained social participation on depressive symptoms in older adults. Epidemiology: 32(6), 886-
895.

12. Inoue K, Mayeda ER, Nianogo R, Paul K, Yu Y, Haan M, Ritz B. (2021). Estimating the joint effect of diabetes
and subsequent depressive symptoms on mortality among older Mexican Americans. Annals of Epidemiology: 64,
120-126.

L



	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22
	Slide 23
	Slide 24
	Slide 25
	Slide 26
	Slide 27
	Slide 28
	Slide 29
	Slide 30
	Slide 31
	Slide 32
	Slide 33
	Slide 34
	Slide 35
	Slide 36
	Slide 37
	Slide 38
	Slide 39
	Slide 40
	Slide 41
	Slide 42
	Slide 43
	Slide 44
	Slide 45
	Slide 46
	Slide 47
	Slide 48
	Slide 49
	Slide 50
	Slide 51
	Slide 52
	Slide 53
	Slide 54
	Slide 55
	Slide 56
	Slide 57
	Slide 58
	Slide 59
	Slide 60
	Slide 61
	Slide 62
	Slide 63
	Slide 64
	Slide 65

