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Topics

1. Target effects

2. Assumptions for making valid causal inferences 
from mediation analyses

▪ Temporal sequence of interventions, mediators, 
and outcomes

▪ Exchangeability (no unmeasured confounding)

▪ Consistency and positivity

3. Estimation

4. Example: mediation analysis of the "SPRINT trial"
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1. Target effects

Direct effects

• The effect of an intervention on 

an outcome that does not 

operate through the selected 

mediator (through other 

mechanisms)

Indirect effects

• The effect of an intervention on 

an outcome that operates 

through a selected mediator
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2. Assumptions for making 
valid causal inferences from 
mediation analyses



2.1 Temporal sequence of interventions, 
mediators, and outcomes

• In the context of RCTs, it is mostly guaranteed that the 

mediator and outcome are measured after assignment to 

interventions

• The only requirement is for the mediator to be measured 

before the outcome



2.2 Exchangeability 
(no unmeasured confounding)

• Exchangeability in the context of mediation analysis requires that there are 
no unmeasured confounders of the intervention–mediator, intervention–
outcome, and mediator–outcome effects

• In most RCTs, we can assume that the intervention–mediator and 
intervention–outcome effects are unconfounded because of random 
allocation of participants

• However, random allocation of the intervention does not prevent 
confounding of the mediator-outcome effect

• Thus, careful selection, measurement and adjustment for mediator-
outcome confounders is essential in mediation analyses of RCTs, while also 
ensuring that those confounders are not affected by the intervention
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2.3 Consistency and positivity

• As with any causal analysis, mediation analysis requires the 

intervention and mediators to be well-defined (consistency), 

and there be a non-zero probability for any participant to 

enter the intervention/control groups and exhibit any level 

of the mediator (positivity)



3. Estimation

• If the casual assumptions seem tenable, there are several strategies for 
estimating indirect and direct effects.

• Often mediation analyses will rely on two working models.

➢ 1. Treats the mediator as the dependent variable

➢ 2. Treats the outcome as the dependent variable

• Most estimation strategies will use parameters from these working models to 
make predictions about unobserved potential outcomes. These predicted 
potential outcomes are then combined with observed potential 
outcomes to estimate the target effects of interest



Example paper using 
mediation analysis



The Systolic Blood Pressure Intervention 
Trial (SPRINT) compared the benefit of 
treatment of  systolic blood pressure to a 
target of less than  120 mm Hg with treatment 
to a target of less  than 140 mm Hg

We randomly assigned 9361 persons with a 
SBP of 130 mm Hg or higher and an 
increased cardiovascular risk, but without 
diabetes, to 
➢ Intensive treatment: a SBP target of less 

than 120 mm Hg (intensive treatment) or 
➢ Standard treatment: a target of  less than 

140 mm Hg 
The primary composite outcome was myocardial 
infarction, other acute coronary syndromes, stroke, 
heart failure, or death from cardiovascular causes



SPRINT results (NEJM 2015)

Efficacy outcome

• Lower rate of the primary composite 
outcome in the intensive-treatment 
group than in the standard-treatment 
group (1.65% per year vs. 2.19% per year; 
hazard ratio with intensive treatment, 0.75; 
95% confidence interval [CI], 0.64 to 0.89; 
P<0.001)

• All-cause mortality was also significantly 
lower in the intensive treatment group 
(hazard ratio, 0.73; 95% CI, 0.60 to 0.90; 
P=0.003)

Tolerability outcome

• Rates of serious adverse events of 
hypotension, syncope, electrolyte 
abnormalities, and acute  kidney injury or 
failure, but not of injurious falls, were 
higher in the intensive treatment group
than in the standard-treatment group



How about the harmful effects of 
Low Diastolic blood pressure ?
(intensive Rx also lower DBP)

▪ It is debated whether low diastolic blood pressure (DBP) leads to 

undesirable cardiovascular outcomes. From a physiological perspective, 

coronary perfusion occurs mostly during diastole, and low DBP may reduce 

the coronary flow

▪ The J-shaped relation was also observed in data from the ONTARGET and 

TRANSCEND trials, suggesting that DBP below 70 mmHg is associated 

with increased risk of cardiovascular outcome

▪ McEvoy et al. found that low DBP was associated with higher levels of 

troponin T, which indicates damage of the myocardium

Polese JA et al.; Circulation 1991

Bohm JM et al.; Lancet 2007

McEvoy JW et al.; Am Coll Cardiol 2016



In a formal mediation analysis, we investigated whether the effect of 
intense (target SBP: 120 mm Hg) vs. standard (target SBP: 140 mmHg) 

intervention on a composite endpoint would be mediated through an 
indirect, potentially harmful, effect through low DBP (< 60 mmHg)

Example paper using 
mediation analysis

Mediator = low DBP



Requirements for mediation analysis

• Since addressing mediation questions requires some 
temporal ordering
✓ The treatment must occur before the mediator and in turn, the 

mediator must be measured before the outcome

✓ We conducted our analysis among 8301 participants who were 
still at risk for the primary outcome one year after randomisation, 
and who had a non-missing blood pressure measurements at that 
time, since we consider DBP60 one year after randomisation as our 
mediator.
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Statistical analysis

• Our aim was to separate the total effect of intensive therapy 
compared to standard therapy into two separate pathways:

➢ A direct path that summarizes all effects not going through DBP60, 
e.g. a beneficial effect of reducing SBP

➢An indirect path, potentially harmful, that acts through on-
treatment DBP60





Steps

Step 1: Evaluated whether the criteria for formal mediation analysis were satisfied. 

That is, we investigated the association between treatment and DBP60 in a binomial 

model to see whether the first criterion for mediation analysis was satisfied

Step 2: Fitted a Cox model for the primary outcome including treatment and DBP60, 

assessing whether DBP60 is associated with the primary outcome

Step 3: Based on the results from these two models, we decided on performing a formal 

mediation analysis to estimate the so called natural direct and indirect effects.

These natural effects are defined within the counterfactual framework 
using non-parametric structural equation models, which provide the 

theoretical framework for causal mediation problem
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Target effects in this study

Natural direct effect

• Compare the risk of the primary outcome 

for participants in the intensive treatment 

group with those in the standard treatment 

group if their mediator level (DBP60) had 

taken the value that would have been 

observed if they had been in the 

standard treatment group

Natural indirect effect

• Compare the risk for the primary outcome 

if the mediator takes the value it would 

naturally take under intensive therapy 

compared to the risk of the primary 

outcome if the mediator takes the value 

it would take under standard therapy, 

even though the treatment was kept at 

intensive therapy



Analysis

• We performed crude analyses and additionally considered 
different sets of mediator-outcome confounding variables
➢ Model 1: adjusted for age, sex and race

➢ Model 2: additionally adjusted for the lifestyle characteristics, smoking 
status and categories of body-mass index

➢ Model 3: additionally adjusted for participants' existing baseline 
cardiovascular disease and number of blood pressure agents

➢ Model 4: additionally adjusted for biomarkers of cardiovascular risk, 
creatinine and triglycerides.



Further analyses

• In sensitivity analyses, we removed the event of stroke 

from the outcome definition

• In stratified analyses, we evaluated total, direct and indirect 

effects in

➢ age ≥ 75 years vs < 75 years

➢ baseline DBP 60-80 mmHg vs > 80 mmHg



Results
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Steps

Step 1: Evaluated whether the criteria for formal mediation analysis were satisfied. 

That is, we investigated the association between treatment and DBP60 in a binomial 

model to see whether the first criterion for mediation analysis was satisfied

Step 2: Fitted a Cox model for the primary outcome including treatment and DBP60, 

assessing whether DBP60 is associated with the primary outcome

Step 3: Based on the results from these two models, we decided on performing a formal 

mediation analysis to estimate the so called natural direct and indirect effects.

These natural effects are defined within the counterfactual framework 
using non-parametric structural equation models, which provide the 

theoretical framework for causal mediation problem

ORs of DBP60 to be 3.14 (95% CI [2.74, 3.60]),
comparing intensive and standard treatment groups

HR of 1.90 (95% CI [1.46, 2.47]) for the mediator



Randomization can deal with
unmeasured confounding of the
intervention-mediator and the 
intervention-outcome relationship, 

but not mediator-outcome 
confounding since randomisation
of the intervention does not result 
in randomisation of the mediator 
values

Therefore, authors assessed the 
effects on outcome, adjusted for 
mediator-outcome confounding 
using measured covariates in the 
SPRINT study

A major criticism of causal inference 
approaches in general is that criteria for 
identification are partly relying on 
untestable assumptions, 
like the no-unmeasured confounding

Sensitivity analyses



Stratified analyses

Age ≥ 75 years 
vs 

< 75 years



Stratified analyses

Baseline DBP 60-80 mmHg 
vs 

> 80 mmHg



Summary

Step 1: ORs of DBP60

comparing intensive and 
standard treatment groups

Step 2: HR of 1.90 for the 
effect of mediator on outcome, 

irrespective of treatment

Adjusted HR of the total 
effect for effect of treatment 

on outcome

Adjusted HR of the direct 
effect for effect of treatment 

on outcome

Unadjusted indirect effect of HR 
1.12 (95% CI [1.06, 1.18]) of the 

effect of DBP60 on outcome
Significant

Adjusted indirect effect of HR 1.04 
(95% CI [0.98, 1.10]) of the effect of 

DBP60 on outcome
Non-Significant



In conclusion, patients with DBP60 have significantly increased
cardiovascular risk, irrespective of the treatment group. 

However, we do not find clear evidence that treatment induced 
DBP60 is harmful itself

Conclusions (1)



The increased risk in subjects with diastolic pressure below 60 
cannot fully be explained by the intensive treatment itself, but may 

be due to other measured factors. More generally, this analysis
shows that adjusting for mediator-outcome confounding is 

essential, even in RCTs

(M is not randomly assigned but is self-selected)

Conclusions (2)


