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媒介(Mediation)とは
・媒介変数 mediator variable
→原因(独⽴)変数から帰結(従属)変数への因果関係の過程に⽣

ずる変数であり，帰結変数の変動の原因となり，それ⾃⾝
は独⽴変数によって変動させられる。そのような変数は独
⽴変数と従属変数のいずれにも関連している。

→つまり媒介(mediation)とは、
1. ある曝露や変数、状態が他の曝露､変数､状態に影響を与え

るプロセス
2. なぜアウトカムが発⽣するのか
の両⽅を意味する。

2疫学辞典 第5版 https://jeaweb.jp/files/activities/dictionary_of_epidemiology.pdf
VanderWeele, Tyler. Explanation in causal inference: methods for mediation and interaction. Oxford University Press, 2015.



なぜ媒介(Mediation)が重要なのか
・媒介分析(mediation analysis)を⾏う理由
1. 媒介分析は、原因要因がアウトカムに影響を与えるメカニ

ズム、経路(pathways)、および中間要因(intermediates)
を理解するのに役⽴つ。

→因果関係を説明する⽅法の1つとして、原因要因がアウトカ
ムに影響を与えるメカニズムを説明することが挙げられる。

2. 介⼊⽅法を再確認する。介⼊の効果を増加させるために、
介⼊⽅法をさらに改良したい｡

→特定のメカニズムをターゲットとする介⼊⽅法に改善する
ことができる。

→同様に、メカニズムや経路について明らかになれば､重要で
はない介⼊の構成要素を除外できる｡

3VanderWeele, Tyler. Explanation in causal inference: methods for mediation and interaction. Oxford University Press, 2015.



媒介分析
(Mediation analysis)
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媒介分析(Mediation analysis)に使⽤される語句
ある仮説について､下記の図のように⽰されたとする｡

・曝露要因(X)が直接(つまり媒介要因(M)を介さず)､アウトカ
ム(Y)に与える因果効果を c' とすると､ c' は直接効果
(Direct Effect)と呼ばれる｡

・曝露要因(X)が媒介要因(M)を介して､アウトカム(Y)に与え
る因果効果は間接効果(Indirect Effect)と呼ばれる｡

・直接効果と間接効果を⾜し合わせた､つまり曝露要因(X)が
アウトカム(Y)に与える因果効果は総合効果(Total effect)
と呼ばれる｡
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proportion mediated will lead to the same results [2].
However, previous simulation studies showed that the
different estimates of the indirect effect and propor-
tion mediated will no longer coincide when the out-
come is dichotomous and logistic regression analysis
is used to estimate the paths in Fig. 1 [2, 3].
To limit the discrepancies between the different ap-

proaches for calculating the indirect effect and propor-
tion mediated, several authors proposed to standardize
the logistic regression coefficients. MacKinnon and Dwyer
[3] proposed the use of y-standardization, Kenny [4] pro-
posed the use of full-standardization, and MacKinnon and
colleagues [2] proposed the use of the standardized logistic
solution. Standardization equalizes the scales of the coeffi-
cients across multiple different logistic regression models to
make the coefficients comparable. Another regression-
based method that has been proposed for estimating the
indirect effect and proportion mediated is the potential out-
comes framework. This framework provides definitions of
causal effects, which can be used to decompose the total ef-
fect into a causal direct and indirect effect without requir-
ing standardization of the coefficients [5].
It remains unclear which (standardized) approach for

calculating the indirect effect and proportion mediated
is preferred in what situation, and when the potential
outcomes framework should be preferred over multiple
regression and SEM. Therefore, our aim is to show the
relative performance of the unstandardized and stan-
dardized estimates of the indirect effect and proportion
mediated based on multiple regression, SEM, and the
potential outcomes framework for models with a dichot-
omous outcome and 1) a continuous mediator, and 2) a
dichotomous mediator.

Methods
Aim
The aim of this paper is to show the relative performance
of the unstandardized and standardized estimates of the
indirect effect and proportion mediated based on multiple
regression, SEM, and the potential outcomes framework
for models with a dichotomous outcome and 1) a continu-
ous mediator, and 2) a dichotomous mediator.

Simulation set up
To assess the relative performance of the compared
methods, we simulated data for two types of mediation
models with a dichotomous outcome; 1) with a continu-
ous normally distributed mediator with a mean of 0 and
variance of 1, and 2) with a dichotomous mediator. For
both the dichotomous mediator and the dichotomous
outcome three prevalence rates were simulated: 0.10,
0.30, and 0.50. Therefore, three conditions were created
with a continuous mediator and dichotomous outcome,
and nine conditions with a dichotomous mediator and
dichotomous outcome. The exposure was a normally
distributed continuous variable with a mean of 0 and a
variance of 1 in all conditions. The dichotomous medi-
ator and outcome where generated directly from a logis-
tic model. Furthermore, in each condition the a, b, and
c’ paths in the underlying population model were set to
0.6, reflecting a medium-to-large effect size [2]. The
standardized effect estimates were yielded by standardiz-
ing the crude effect estimates in each simulated sample.
Table 1 provides an overview of the true underlying

estimates of the indirect effect for each simulated condi-
tion. The true values for the standardized effect esti-
mates were calculated by applying the standardization
equations to the true underlying crude effect estimates
[2, 6]. In all conditions the true proportion mediated in
multiple regression and SEM equaled 0.375. For the po-
tential outcomes framework the true proportion mediated

Fig. 1 Path diagram of a relatively simple mediation model

Table 1 True underlying indirect effect estimates for each
simulated condition

Continuous
mediator

Dichotomous mediator
prevalence

0.1 0.3 0.5

Multiple regression/SEM

crude 0.360 0.360 0.360 0.360

y-standardization 0.168 0.098 0.097 0.096

Full-standardization 0.196 0.048 0.044 0.048

Standardized logistic solution 0.360 NA NA NA

Potential outcomes framework 0.360 0.047 0.087 0.081

Abbreviations: NA not available

Rijnhart et al. BMC Medical Research Methodology           (2019) 19:19 Page 2 of 10

VanderWeele, Tyler. Explanation in causal inference: methods for mediation and interaction. Oxford University Press, 2015.
Rijnhart, J.J.M., Twisk, J.W.R., Eekhout, I. et al. Comparison of logistic-regression based methods for simple mediation analysis with a dichotomous outcome variable. BMC Med Res 
Methodol 19, 19 (2019). https://doi.org/10.1186/s12874-018-0654-z



古典的な媒介分析の⼿法
・媒介分析(Mediation analysis)では主に､ある1つの曝露要因

と媒介変数(複数可)とアウトカムにおける
1. 直接効果(Direct Effect)
2. 間接効果(Indirect Effect)
3. 総合効果(Total effect)
を推定することを⽬的とする｡

・ここでは古典的な媒介分析を紹介する｡
1. Difference Method
2. BaronとKennyによる媒介分析
3. Structural Equation Modeling
→本スライドでは上2つの分析⼿法を紹介する｡
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Difference Method
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推薦⽂献
Jiang, Zhichao, and Tyler J. VanderWeele. "When is the difference 
method conservative for assessing mediation?." American journal of 
epidemiology 182.2 (2015): 105-108.



1. Difference Method
・⼀番かんたんな⼿法
・まず､下記のような2つの回帰モデルを作成する｡

Model1: Y = β01X + intercept
Modle2: Y = β11X + β12M + intercept

Y=アウトカム
X=曝露要因
M=媒介要因
β=係数
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1. Difference Method
・間接効果(Indirect Effect)はβ01 − β11となる｡
・総合効果(Total effect)はβ01となる｡
→そのため､媒介変数による percentage differenceを下記式

で推定できる｡

β01 − β11
β01

×100

(単位は%)
また､オッズ⽐(OR)などの場合は､

exp(β01) − exp(β11)
exp(β01) − 1

×100

(単位は%)
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1. Difference Method
・実例
Otsuka, Tatsui, et al. "Association between social participation 
and incident risk of functional disability in elderly Japanese: The 
Ohsaki Cohort 2006." Journal of psychosomatic research 111 
(2018): 36-41.

The aim of this study was to examine the mechanisms linking social 
participation to incident functional disability.

10Otsuka, Tatsui, et al. "Association between social participation and incident risk of functional disability in elderly Japanese: The Ohsaki Cohort 2006." Journal of 
psychosomatic research 111 (2018): 36-41.



1. Difference Method
After calculating the HRs, we assessed the magnitude of the 
mediating effect of time spent walking, the psychological distress 
score, social support and cognitive activity separately according to 
the percentage changes in the HRs for social participation computed 
as the following equation [29].

We also calculated the HRs with all four mediators.
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gold standard [26].
With regard to physical pain, respondents were asked “Have you

had any physical pain within the last month?” and if so, they rated it
using one of five levels: faint pain, mild pain, moderate pain, severe
pain and excruciating pain. With regard to cognitive activity, re-
spondents were asked about the type of activity and its frequency se-
parately. Cognitive activity was classified into seven types: watching
TV, listening to the radio, reading a newspaper, reading magazines,
reading books, playing cards or games, and going to museums. The
frequency was assessed with five levels: almost every day, several times
per week, several times per month, several times per year, or less than
once a year, which were assigned a scored ranging from 1 (less than
once a year) to 5 (almost every day) [27]. We then calculated the
cognitive activity score using by adding the points for each activity
type, giving a range from 7 to 35 [28]. The respondents were divided
into three categories based on the cognitive activity score: tertle 1 (7-
19), tertile 2 (20–22), tertile 3 (23-35).

Social support included five types: able to consult someone when
you are in trouble, able to consult someone when you are in bad phy-
sical condition, able to get help with your daily housework, able to get
someone to take you to hospital, and able to get someone to take care of
you.

2.6. Statistical analysis

We counted the person-years of follow-up for each subject from
April 1, 2007 until the date of incident functional disability, date of
emigration from Ohsaki City, date of death, or the end of the study
period (November 30, 2015), whichever occurred first.

We used the multiple adjusted Cox proportional hazards model to
calculate the hazard ratios (HRs) and 95% confidence intervals (CIs) for
incident functional disability according to the number and frequency of
social participation for each activity separately. Multivariate models
were adjusted for the following variables. Model 1 was sex- and age-
adjusted. To examine whether the association between the frequency of
social participation and functional disability was attributable to a
healthy physical status or other lifestyle factors, Model 2 was further
adjusted for several variables (described in Table 2).

After calculating the HRs, we assessed the magnitude of the

mediating effect of time spent walking, the psychological distress score,
social support and cognitive activity separately according to the per-
centage changes in the HRs for social participation computed as the
following equation [29].

⎡⎣⎢ − ⎤⎦⎥ ×((HR )–(HR ))
((HR ) 1)

100base model base model with mediator

base model

We also calculated the HRs with all four mediators.
We conducted stratified analysis to test the interaction between

male and female,< 75 years old and ≥75 years old, and employed and
retired. We conducted sensitivity analysis that selected only individuals
who had not developed functional disability within two years after the
start of follow-up (Model 3), which excluded 754 cases. We also con-
ducted sensitivity analysis only for individuals who had better motor
and cognitive function (motor function score < 3 and cognitive func-
tion score 0 in the Kihon checklist) (Table 4), and this included 6,073
cases.

All data were analyzed using SAS version 9.4 (SAS Inc., Cary, NC).
All statistical tests described here were two-sided, and differences at
p < .05 were accepted as significant.

2.7. Ethical issues

We considered the return of completed questionnaires to imply
consent to participate in the study involving the baseline survey data
and subsequent follow-up of death and emigration. We also confirmed
information regarding LTCI certification status after obtaining written
consent along with the questionnaires returned from the subjects at the
time of the baseline survey. The Ethics Committee of Tohoku University
Graduate School of Medicine (Sendai, Japan) reviewed and approved
the study protocol.

3. Results

3.1. Subjects characteristics

Only 155 individuals were lost to follow-up because of emigration
from the study area, without developing any functional disability; thus,
the follow-up rate was 98.7%. From the resulting 84,760 person-years,

Table 1
Baseline characteristics according to number of social participation (n=11,992).

Characteristic Number of Social Participation Type p-Value††

None One activity Two activities Three activities

Age (y), mean (SD) 75.1 (6.5) 73.1 (5.7) 72.7 (5.5) 72.1 (4.9) < 0.001
Male (%) 39.0 42.1 50.9 58.4 < 0.001
Current smoker (%) 13.2 13.1 13.6 14.2 0.248
Current drinker (%) 27.8 36.5 45.4 51.8 < 0.001
Body mass index (kg/m2), mean (SD) 23.4 (3.7) 23.5 (3.3) 23.6 (3.1) 23.9 (3.0) < 0.001
Employeda, yes (%) 30.8 36.6 39.0 42.0 < 0.001
Education until age ≥19 y (%) 21.1 28.8 30.5 36.9 < 0.001
Pain (-) (%)b 65.8 71.3 77.5 78.8 < 0.001
Better motor function (%)c 67.8 81.2 85.0 89.8 < 0.001
Better cognition (%)d 53.1 64.6 68.6 74.5 < 0.001
Cognitive activities, yes (%)e 41.8 41.2 48.9 61.2 < 0.001
Time spent walking ≥1 h/d (%) 23.4 27.2 30.1 32.1 < 0.001
Psychological distress, yes (%)f 8.2 4.2 2.5 1.2 < 0.001
Social support, yes (%)g 72.7 72.8 78.6 82.2 < 0.001

a Employed includes self-employed.
b Pain (-) includes no pain, faint pain and mild pain.
c Motor function score in Kihon Checklist< 3.
d Cognitive function score in Kihon Checklist =0.
e Cognitive activity score ≥23.
f K6 score ≥13.
g Answering 'yes' at all of the five social supports.
†† Probability values for trend were calculated by the Mantel-Haenszel χ2 test for variables of proportion and by ANOVA (linear contrast) for continuous variables.

T. Otsuka et al. -RXUQDO�RI�3V\FKRVRPDWLF�5HVHDUFK��������������²��
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Otsuka, Tatsui, et al. "Association between social participation and incident risk of functional disability in elderly Japanese: The Ohsaki Cohort 2006." Journal of 
psychosomatic research 111 (2018): 36-41.



1. Difference Method
結果

Among the estimated mediating effects, cognitive activity accounted 
for 9.3%, time spent walking for 8.3%, psychological state for 4.6%, 
and social support for 2.8% of the reduced risk of incident functional 
disability.

12Otsuka, Tatsui, et al. "Association between social participation and incident risk of functional disability in elderly Japanese: The Ohsaki Cohort 2006." Journal of 
psychosomatic research 111 (2018): 36-41.

8.3% for time spent walking, 4.6% for psychological state, 2.8% for
social support and 22.2% for considering all four mediators (Table 6).

4. Discussion

In this cohort study, we investigated the association between social
participation and incident functional disability, and the magnitude of
the mediating effect for considering the mechanisms operating in this
relationship. We observed an inverse association between the number
of social activities participated in and incident functional disability,
even with the addition of some adjustment items. This finding was
consistent with previous studies [6,30]. Analysis of the magnitude of
the mediating effect showed that cognitive activity contributed most to
the effect, followed in order by time spent walking, psychological dis-
tress score and social support.

Our study had several strengths: (i) it was a large population-based

cohort study of 11,992 persons; (ii) it had a 9-year follow-up period;
(iii) it had a follow-up rate of almost 100%; (iv) many confounding
factors were taken into account; (v) we investigated the dose-response
relationships between the frequency of participation for different types
of activity and incident functional disability; (vi) in order to consider
the mechanisms responsible, we analyzed the mediating effect of these
activities.

As there was a possibility that we might have included subjects who
were functionally debilitated at the time of the baseline survey, we
considered the effects of reverse causality. Even after excluding in-
dividuals who developed incident functional disability in the first 2
years of follow-up and including only individuals who had better motor
and cognitive function, the inverse association between social partici-
pation and incident functional disability persisted. This suggested that
the present results were unlikely to be explained by reverse causality.

In terms of the differences in social participation type (volunteering,
hobbies and neighborhood association activities), we did not observe
any apparent differences in their relationship with incident functional
disability (Table 2). Therefore, any type of social participation may
have a preventive effect against disability.

In previous studies, several mechanisms have been suggested for the
relationship between social participation and incident functional dis-
ability [5–7]. According to our findings, cognitive activity and time
spent walking appeared to be more important mediators than psycho-
logical state or social support. Cognitive activity is known to be a
preventive factor for cognitive decline [8–11]. Time spent walking is
also known to be a preventive factor for incident functional disability
and mobility impairment [31,32]. Therefore, maintaining cognitive and
physical function through social participation may contribute to pre-
vention of functional disability. However, because the mediating effect

Table 4
Association Between Social Participation and Functional Disability Including
Only Participants Who Had Better Motor and Cognitive Function (n=6,073).

Number of social participation type

None One activity Two activities Three activities

1.00 (reference)a 0.89 (0.77-1.02) 0.89 (0.77-1.03) 0.77 (0.67-0.89)

Frequency of Social Participation

None < 1 time per month 1-3 times per month ≥1 time per week

Volunteering
1.00
(reference)

0.82 (0.70-
0.95)

0.86 (0.72-
1.02)

0.88 (0.70-
1.11)

Hobby activities
1.00
(reference)

0.90 (0.76-
1.06)

0.88 (0.76-
1.02)

0.83 (0.72-
0.97)

Activities in neighborhood association
1.00
(reference)

0.92 (0.81-
1.06)

0.82 (0.72-
0.95)

0.92 (0.75-
1.13)

Better motor and cognitive function (motor function score<3 and cognitive
function score =0).
Adjusted for age (65-69, 70-74, 75-79, 80-84, and ≥85 y), sex, history of dis-
ease (stroke, hypertension, myocardial infarction, arthritis, osteoporosis, frac-
ture (yes, no), cancer), education level (age at final graduation from school<
16, 16-18, ≥19 y, missing), smoking (never, former, current, missing), alcohol
drinking (never, former, current, missing), body mass index (in kg/m2;< 18.5,
18.5-24.9, ≥25.0, missing), pain (< 3, ≥3), and employment (employed or
retired).

a Hazard ratio (95% confidence interval).

Table 5
Association between Number of Social Participation Type and Functional Disability Stratified by Sex, Age and Employment (n=11,992).

Number of social participation type p-interaction

None One activity Two activities Three activities

Sex
Male 1.00 (reference)a 0.73 (0.64-0.84) 0.86 (0.74-0.98) 0.69 (0.60-0.79)
Female 1.00 (reference) 0.83 (0.75-0.93) 0.78 (0.68-0.88) 0.72 (0.63-0.83) 0.890

Age
< 75 y 1.00 (reference) 0.74 (0.64-0.86) 0.82 (0.71-0.96) 0.68 (0.58-0.80)
≥75 y 1.00 (reference) 0.81 (0.73-0.90) 0.81 (0.72-0.91) 0.72 (0.64-0.82) 0.143

Employment
Employed 1.00 (reference) 0.86 (0.72-1.03) 0.89 (0.74-1.08) 0.76 (0.63-0.92)
Unemployed 1.00 (reference) 0.75 (0.67-0.84) 0.78 (0.68-0.88) 0.68 (0.59-0.77) 0.284

Adjusted for age (65-69, 70-74, 75-79, 80-84, and ≥85 y), sex, history of disease (stroke, hypertension, myocardial infarction, arthritis, osteoporosis, fracture [yes,
no], cancer), education level (age at final graduation from school< 16, 16-18, ≥19 y, missing), smoking (never, former, current, missing), alcohol drinking (never,
former, current, missing), body mass index (in kg/m2;< 18.5, 18.5-24.9, ≥25.0, missing), motor function score (< 3,≥3, missing), cognitive function score (0,≥1,
missing), pain (< 3, ≥3), employment (employed or retired).

a Hazard ratio (95% confidence interval).

Table 6
Magnitude of the mediating effect.

Model Hazard ratio Percentage of
mediating effectb

HR (95%CI)

Base modela 0.892 (0.866-0.920)
Base model+ social support 0.895 (0.868-0.922) 2.8
Base model+ psychological state 0.897 (0.870-0.925) 4.6
Base model+ time spent walking 0.901 (0.873-0.928) 8.3
Base model+ cognitive activity 0.902 (0.875-0.930) 9.3
Base model+ all mediators 0.916 (0.888-0.944) 22.2

a Model 2 in Table 2.
b [{(HR model 2)− (HR model 2 with mediator)} / {(HR model 2)− 1}]× 100.

T. Otsuka et al. -RXUQDO�RI�3V\FKRVRPDWLF�5HVHDUFK��������������²��
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BaronとKennyによる
媒介分析
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variable distinction in social psychological research: Conceptual, 
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2. BaronとKennyによる媒介分析
・下記の図を⽤いる｡

ただし､総合効果(Total effect)は c とする｡

1. 曝露要因(X)とアウトカム(Y)との関係を調べるために､次の
回帰分析を実⾏する。

Y = intercept + cX + e
*回帰係数は総合効果(Total effect)の c である｡
→まず､この式で c が有意であることを確認する。
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proportion mediated will lead to the same results [2].
However, previous simulation studies showed that the
different estimates of the indirect effect and propor-
tion mediated will no longer coincide when the out-
come is dichotomous and logistic regression analysis
is used to estimate the paths in Fig. 1 [2, 3].
To limit the discrepancies between the different ap-

proaches for calculating the indirect effect and propor-
tion mediated, several authors proposed to standardize
the logistic regression coefficients. MacKinnon and Dwyer
[3] proposed the use of y-standardization, Kenny [4] pro-
posed the use of full-standardization, and MacKinnon and
colleagues [2] proposed the use of the standardized logistic
solution. Standardization equalizes the scales of the coeffi-
cients across multiple different logistic regression models to
make the coefficients comparable. Another regression-
based method that has been proposed for estimating the
indirect effect and proportion mediated is the potential out-
comes framework. This framework provides definitions of
causal effects, which can be used to decompose the total ef-
fect into a causal direct and indirect effect without requir-
ing standardization of the coefficients [5].
It remains unclear which (standardized) approach for

calculating the indirect effect and proportion mediated
is preferred in what situation, and when the potential
outcomes framework should be preferred over multiple
regression and SEM. Therefore, our aim is to show the
relative performance of the unstandardized and stan-
dardized estimates of the indirect effect and proportion
mediated based on multiple regression, SEM, and the
potential outcomes framework for models with a dichot-
omous outcome and 1) a continuous mediator, and 2) a
dichotomous mediator.

Methods
Aim
The aim of this paper is to show the relative performance
of the unstandardized and standardized estimates of the
indirect effect and proportion mediated based on multiple
regression, SEM, and the potential outcomes framework
for models with a dichotomous outcome and 1) a continu-
ous mediator, and 2) a dichotomous mediator.

Simulation set up
To assess the relative performance of the compared
methods, we simulated data for two types of mediation
models with a dichotomous outcome; 1) with a continu-
ous normally distributed mediator with a mean of 0 and
variance of 1, and 2) with a dichotomous mediator. For
both the dichotomous mediator and the dichotomous
outcome three prevalence rates were simulated: 0.10,
0.30, and 0.50. Therefore, three conditions were created
with a continuous mediator and dichotomous outcome,
and nine conditions with a dichotomous mediator and
dichotomous outcome. The exposure was a normally
distributed continuous variable with a mean of 0 and a
variance of 1 in all conditions. The dichotomous medi-
ator and outcome where generated directly from a logis-
tic model. Furthermore, in each condition the a, b, and
c’ paths in the underlying population model were set to
0.6, reflecting a medium-to-large effect size [2]. The
standardized effect estimates were yielded by standardiz-
ing the crude effect estimates in each simulated sample.
Table 1 provides an overview of the true underlying

estimates of the indirect effect for each simulated condi-
tion. The true values for the standardized effect esti-
mates were calculated by applying the standardization
equations to the true underlying crude effect estimates
[2, 6]. In all conditions the true proportion mediated in
multiple regression and SEM equaled 0.375. For the po-
tential outcomes framework the true proportion mediated

Fig. 1 Path diagram of a relatively simple mediation model

Table 1 True underlying indirect effect estimates for each
simulated condition

Continuous
mediator

Dichotomous mediator
prevalence

0.1 0.3 0.5

Multiple regression/SEM

crude 0.360 0.360 0.360 0.360

y-standardization 0.168 0.098 0.097 0.096

Full-standardization 0.196 0.048 0.044 0.048

Standardized logistic solution 0.360 NA NA NA

Potential outcomes framework 0.360 0.047 0.087 0.081

Abbreviations: NA not available

Rijnhart et al. BMC Medical Research Methodology           (2019) 19:19 Page 2 of 10

Rijnhart, J.J.M., Twisk, J.W.R., Eekhout, I. et al. Comparison of logistic-regression based methods for simple mediation analysis with a dichotomous outcome variable. BMC 
Med Res Methodol 19, 19 (2019). https://doi.org/10.1186/s12874-018-0654-z
村⼭航. "媒介分析・マルチレベル媒介分析." Web site: http://www4. ocn. ne. jp/murakou/statistics. htm (2009).



2. BaronとKennyによる媒介分析
2. 次の回帰モデルを調べる。
M = intercept + aX + e
→aは曝露要因が媒介要因に与える影響(係数)である。ここで

a(係数)が有意であることを確認する。

3. さらに次のモデルを調べる。
Y = intercept + c'X + bM + e
→上記式でも､b(係数)が有意であったならば媒介モデルがほ

ぼ成⽴したことになる

15proportion mediated will lead to the same results [2].
However, previous simulation studies showed that the
different estimates of the indirect effect and propor-
tion mediated will no longer coincide when the out-
come is dichotomous and logistic regression analysis
is used to estimate the paths in Fig. 1 [2, 3].
To limit the discrepancies between the different ap-

proaches for calculating the indirect effect and propor-
tion mediated, several authors proposed to standardize
the logistic regression coefficients. MacKinnon and Dwyer
[3] proposed the use of y-standardization, Kenny [4] pro-
posed the use of full-standardization, and MacKinnon and
colleagues [2] proposed the use of the standardized logistic
solution. Standardization equalizes the scales of the coeffi-
cients across multiple different logistic regression models to
make the coefficients comparable. Another regression-
based method that has been proposed for estimating the
indirect effect and proportion mediated is the potential out-
comes framework. This framework provides definitions of
causal effects, which can be used to decompose the total ef-
fect into a causal direct and indirect effect without requir-
ing standardization of the coefficients [5].
It remains unclear which (standardized) approach for

calculating the indirect effect and proportion mediated
is preferred in what situation, and when the potential
outcomes framework should be preferred over multiple
regression and SEM. Therefore, our aim is to show the
relative performance of the unstandardized and stan-
dardized estimates of the indirect effect and proportion
mediated based on multiple regression, SEM, and the
potential outcomes framework for models with a dichot-
omous outcome and 1) a continuous mediator, and 2) a
dichotomous mediator.

Methods
Aim
The aim of this paper is to show the relative performance
of the unstandardized and standardized estimates of the
indirect effect and proportion mediated based on multiple
regression, SEM, and the potential outcomes framework
for models with a dichotomous outcome and 1) a continu-
ous mediator, and 2) a dichotomous mediator.

Simulation set up
To assess the relative performance of the compared
methods, we simulated data for two types of mediation
models with a dichotomous outcome; 1) with a continu-
ous normally distributed mediator with a mean of 0 and
variance of 1, and 2) with a dichotomous mediator. For
both the dichotomous mediator and the dichotomous
outcome three prevalence rates were simulated: 0.10,
0.30, and 0.50. Therefore, three conditions were created
with a continuous mediator and dichotomous outcome,
and nine conditions with a dichotomous mediator and
dichotomous outcome. The exposure was a normally
distributed continuous variable with a mean of 0 and a
variance of 1 in all conditions. The dichotomous medi-
ator and outcome where generated directly from a logis-
tic model. Furthermore, in each condition the a, b, and
c’ paths in the underlying population model were set to
0.6, reflecting a medium-to-large effect size [2]. The
standardized effect estimates were yielded by standardiz-
ing the crude effect estimates in each simulated sample.
Table 1 provides an overview of the true underlying

estimates of the indirect effect for each simulated condi-
tion. The true values for the standardized effect esti-
mates were calculated by applying the standardization
equations to the true underlying crude effect estimates
[2, 6]. In all conditions the true proportion mediated in
multiple regression and SEM equaled 0.375. For the po-
tential outcomes framework the true proportion mediated

Fig. 1 Path diagram of a relatively simple mediation model

Table 1 True underlying indirect effect estimates for each
simulated condition

Continuous
mediator

Dichotomous mediator
prevalence

0.1 0.3 0.5

Multiple regression/SEM

crude 0.360 0.360 0.360 0.360

y-standardization 0.168 0.098 0.097 0.096

Full-standardization 0.196 0.048 0.044 0.048

Standardized logistic solution 0.360 NA NA NA

Potential outcomes framework 0.360 0.047 0.087 0.081

Abbreviations: NA not available
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2. BaronとKennyによる媒介分析
4. 曝露要因(X)が媒介要因(M)を介してアウトカム(Y)に与える

間接効果(Indirect Effect)､つまり a×b が有意であるかど
うかを検定し､これが有意ならば媒介効果が成⽴したと考え
る。

→検定はSobelʼs testなどがあるが､各統計ソフトウェアが対
応しているか確認のこと｡

5. また､ c から c'への回帰係数の変化(c − c' )は､曝露要因
(X)からアウトカム(Y)への効果が媒介要因(M)によって説明
された値であり､下記式が成り⽴つ｡

c − c' = a × b
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ous normally distributed mediator with a mean of 0 and
variance of 1, and 2) with a dichotomous mediator. For
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dichotomous outcome. The exposure was a normally
distributed continuous variable with a mean of 0 and a
variance of 1 in all conditions. The dichotomous medi-
ator and outcome where generated directly from a logis-
tic model. Furthermore, in each condition the a, b, and
c’ paths in the underlying population model were set to
0.6, reflecting a medium-to-large effect size [2]. The
standardized effect estimates were yielded by standardiz-
ing the crude effect estimates in each simulated sample.
Table 1 provides an overview of the true underlying

estimates of the indirect effect for each simulated condi-
tion. The true values for the standardized effect esti-
mates were calculated by applying the standardization
equations to the true underlying crude effect estimates
[2, 6]. In all conditions the true proportion mediated in
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tential outcomes framework the true proportion mediated
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2. BaronとKennyによる媒介分析
・実例
Lim, Yin Cheng, et al. "Association between night-shift work, 
sleep quality and metabolic syndrome." Occupational and 
environmental medicine 75.10 (2018): 716-723.

This study aimed to determine the association between night-shift 
work and metabolic syndrome, and assess whether sleep quality is a 
mediating factor.

The Baron and Kenny’s method and Sobel test were applied to assess 
whether the association between night-shift work and metabolic 
syndrome was mediated by sleep quality (the PSQI global score). 

17Lim, Yin Cheng, et al. "Association between night-shift work, sleep quality and metabolic syndrome." Occupational and environmental medicine 75.10 (2018): 716-723.



2. BaronとKennyによる媒介分析
・結果

Based on Baron and Kenny’s criteria, it therefore appears that the 
association between night-shift work and metabolic syndrome is not 
mediated by the PSQI global score, which is further supported by the 
Sobel test (Z=0.22, p=0.825).

18

721Lim YC, et al. Occup Environ Med 2018;75:716–723. doi:10.1136/oemed-2018-105104

Workplace

relationships and bidirectional effects. Since shift work and 
sleep quality were self-reported, the possibility of misclassifica-
tion cannot be ruled out. Even though sleep was not measured 
using objective means such as actigraphy or polysomnography 
in this study, it should be noted that the PSQI is a validated tool 
to measure sleep quality. We lacked information on the dietary 
intake of participants. Although eating habit may be a predictor 
of MetS,21 this is unlikely to exert a major impact on our current 
results given that a previous study found only small differences 
in the eating patterns and nutritional intake between shift and 
non-shift workers.39 Data on stress levels of the participants were 
also not collected, which may be an important mediating factor 
between night-shift work and MetS.36 We also lacked informa-
tion on occupational hazards. Thus the confounding effects of 
these factors could not be evaluated. The use of convenience 
sampling remains a limitation of the current study.

Apart from the robust mediation analysis that we undertook 
to ascertain the role of sleep quality as a potential mediating 

factor in the association between night-shift work and MetS, we 
also performed post-hoc analysis to determine whether other 
lifestyle factors may have explained the association. Given the 
lack of evidence on the role of lifestyle factors in mediating the 
association between night-shift work and increased risk of MetS, 
our null findings are particularly important in directing future 
research. Since MetS has a long latency period, it is noteworthy 
that our study population is highly appropriate given that 90% 
of the participants in the present study have been in the same 
work schedule for more than 10 years, and half of the partici-
pants have been in the workforce for more than 20 years.

The findings of the present study are especially important in 
the Asian context, given the high burden of cardiovascular risk 
factors in the background population and high proportion of 
workers involved in night-shift work.12 Screening for metabolic 
disturbances should be initiated early for night-shift workers 
to reduce the burden of CVDs. This study further signifies 
the importance of monitoring the sleep quality of night-shift 

Table 3 Association of night-shift work status, type of work schedules and duration of night-shift work with metabolic syndrome

Night-shift work status n

Model 1 Model 2 Model 3

OR 95% CI OR 95% CI OR 95% CI

Non-night-shift work 317 1.00 Reference 1.00 Reference 1.00 Reference
Night-shift work 177 1.69 1.16 to 2.46 1.90 1.25 to 2.88 1.92 1.24 to 2.97
Types of work schedules*
  Permanent daytime 253 1.00 Reference 1.00 Reference 1.00 Reference
  Day–evening 64 1.33 0.76 to 2.33 1.26 0.70 to 2.27 1.51 0.80 to 2.82
  Permanent night 8 1.37 0.32 to 5.88 1.82 0.41 to 8.03 1.85 0.41 to 8.34
  Day–evening–night 75 2.48 1.46 to 4.19 3.09 1.72 to 5.55 3.27 1.78 to 5.99
  Day–night 94 1.83 1.12 to 3.00 2.01 1.19 to 3.39 2.06 1.19 to 3.56
Duration of night-shift work†
  Permanent daytime 253 1.00 Reference 1.00 Reference 1.00 Reference
  1–5 years 6 1.01 0.30 to 3.43 1.07 0.31 to 3.74 1.07 0.31 to 3.74
  6–10 years 13 0.76 0.24 to 2.41 0.79 0.24 to 2.61 0.79 0.24 to 2.61
  11–15 years 21 0.83 0.37 to 1.90 0.82 0.35 to 1.90 0.82 0.35 to 1.89
  16–20 years 44 0.40 0.22 to 0.74 0.38 0.20 to 0.70 0.38 0.20 to 0.70
  >20 years 93 0.62 0.40 to 0.94 0.50 0.31 to 0.81 0.50 0.31 to 0.81
Model 1: unadjusted model.
Model 2: adjusted for age (continuous), sex and ethnicity.
Model 3: adjusted for age (continuous), sex, ethnicity, education level, total income, alcohol intake, smoking status, physical activity, and family history of diabetes, hypertension 
or dyslipidaemia.
*Permanent night: 20±2 night shift/month; day–evening–night: 10±2 night shift/month; day–night: 12±2 night shift/month.
†The day–evening shift was not included in the analysis.

Figure 1 Mediation model using Baron and Kenny’s criteria between night-shift work and metabolic syndrome by PSQI global score. Models adjusted for 
age (continuous), sex, ethnicity, education level, total income, alcohol intake, smoking status, physical activity, and family history of diabetes, hypertension or 
dyslipidaemia. B, unstandardised beta coefficient; PSQI, Pittsburgh Sleep Quality Index.
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古典的媒介分析の限界
・古典的媒介分析は⼤きな限界を有している｡
→交互作⽤を考慮していない､媒介変数とアウトカム間の交絡

要因を考慮していない､など｡
→現在では反事実モデル(Counterfactual Model)に基づいた

媒介分析(Causal Mediation Analysis､または
Counterfactual-based Mediation Analysis)が主流となって
きているが､難しいためこのスライドでは触れない｡

→勉強したい場合は次スライドの推薦⽂献を参考のこと｡

19VanderWeele, Tyler. Explanation in causal inference: methods for mediation and interaction. Oxford University Press, 2015.
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