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Prolonged rupture of membranes and the association with cerebral 

palsy in term born children: A national registry-based cohort study.

Maren Mynarek1, Solveig Bjellmo1,2, Kristin Melheim Strand3, Guro L. Andersen1,4, Stian Lydersen5, Torstein Vik1.  

AJOG Editor’s comment:
“…
A straight adjustment for gestational age as a confounder is grossly 
inappropriate! GA is an intermediate variable on the causal pathway 
(between ROM and … CP), and an adjustment will induce a strong 
collider stratification bias. I've written about this very issue:
Ananth & Schisterman (2017).
The reviewers' suggestion of additional adjustment for birthweight 
may be inappropriate too. Please ignore this suggestion since any 
adjustment for birthweight will induce a strong collider bias. “
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Am.J.Obstet.Gynecol., 217, (2) 167-175
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Background:

What are confounders, 
colliders, and mediators?
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Definition of a confounder
(Rothman: ”Epidemiology: An Introduction”. 2nd ed. Oxford 
University Press, 2012, page 108.)

Confounding can be thought of as a mixing of effects. A 
confounding factor, therefore, must have an effect and must be 
imbalanced between the exposure groups to be compared.

• A confounder must be associated with the disease (either as a 
cause or a proxy for a cause but not as an effect of the disease).

• A confounder must be associated with the exposure.

• A confounder must not be an effect of the exposure.

Comment: Data can only show us an association. The plausible 
direction of a causual effect must stem from other substantive 
knowledge about the phenomenon.
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Y

C is a confounder:
Adjust for C in the analysis. Else it would 
introduce bias.

Directed Acyclic Graph (DAG):
Arrows show the direction of (assumed) cause-effect
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A

U

Y

U is an umeasured confounder.
Adjusting for C removes the bias caused by U.

C
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How to adjust (control) for a variable 
(potential confounder)

• The variable as covariate in regression analysis

• Stratified analysis

• Separate analyses

• Restriction (to one value of the variable)
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Y

C is a collider:
Do not adjust for C in the analysis 
– that would introduce bias.
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M is a mediator: 
Adjust for M? Depends on the research question.
If you adjust for M, the estimated effect of A on Y would be 
only the direct effect not mediated through M.
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A

M

Y

M is a mediator: 
Adjusting for M may introduce bias due to an unmeasured 
confounder. 

U
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Data: 
Singleton births from Medical Birth Registry of Norway and the 
Cerebral Palsy Registry of Norway 1996 to 2006. 



20.08.2018

9

17

Adapted from Victora et al (1997)
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Direct effect
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Conclusions:
“Exposure to pre-eclampsia was associated with an 
increased risk of cerebral palsy, and this association 
was mediated through the children being born preterm 
or small for gestational age, or both. Among children 
born at term, pre-eclampsia was a risk factor for 
cerebral palsy only when the children were small for 
gestational age.”

22

BMJ article published 9 July 2013

Chiolero, A. and Kaufman, J.: “Adjustment for a mediator can 
induce bias.” Rapid response, BMJ, 25 July 2013.

“Indeed, if there was an unmeasured common cause of both the 
mediator gestational age and the outcome cerebral palsy (i.e., a 
confounder of the association between gestational age and 
cerebral palsy), adjustment for gestational age could create a 
spurious association between preeclampsia and cerebral palsy. 
Intrauterine infection could be such a common cause [3].”
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Unmeasured 
common cause 
(f.ex uterine 
infection)
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Article published 9 July 2013
Rapid response, BMJ, 25 July 2013.

Vik, T., and Strand, K.: “Does preeclampsia protect preterm babies 
from cerebral palsy? “ Rapid response, BMJ, 7 August 2013.

“ …  the lower odds for cerebral palsy probably means that very 
preterm births "caused by" preeclampsia (mainly iatrogenic, through 
caesarean section) may have less detrimental effects on the foetal 
brain than the causes of spontaneous preterm birth. We underscore 
this interpretation by stating that “In our study, among children with 
cerebral palsy born very preterm and unexposed to preeclampsia, 
65.9% of mothers went into labour spontaneously. The corresponding 
proportion in children with cerebral palsy exposed to preeclampsia 
was 13.3%.”
We appreciate this opportunity to re-emphasize that our study should 
not be interpreted as evidence that preeclampsia protects against 
cerebral palsy. “
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Am.J.Obstet.Gynecol., 217, (2) 167-175
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Adjust for mother’s age (confounder) 

Ananth: Need to 
adjust for sub-fertility 
Ananth is wrong at 
this point (?)

Direction ?

?
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Ananth page 169: 
However, if control is made for the intermediate variable I, 
then the total causal effect of the X →Y association 
cannot be consistently estimated.

But OK if proper mediator analysis is used? 

Not OK if there is some unmeasured confounder U. 

U
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Ananth page 169: 
If one controls for the variable I in Figure 2B, which is a proxy 
for the variable U (on the causal pathway between exposure 
and outcome), the total causal effect of the X →Y association 
again cannot be consistently estimated. To clarify, if an 
intermediate such as gestational age is adjusted on the 
preeclampsia-cerebral palsy association, the total effect will 
be underestimated.
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Ananth page 169: 
If one does adjust for gestational age or preterm delivery 
in the presence of an unmeasured confounder between 
gestational age and cerebral palsy, the preeclampsia –
cerebral palsy estimate will be rendered biased, a bias 
called collider stratification bias.

Also the case for this simplified model?
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Ananth page 169: 
If one does adjust for gestational age or preterm delivery 
in the presence of an unmeasured confounder between 
gestational age and cerebral palsy, the preeclampsia –
cerebral palsy estimate will be rendered biased, a bias 
called collider stratification bias.

Ananth page 170: 
However, not adjusting for gestational age avoids the 
collider and will yield an unbiased estimate of the total 
effect.  … 
Adjusting on such a common effect (ie a collider) can 
result in selection bias. In the preeclampsia – cerebral 
palsy example, gestational age is a collider.

32
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Note: G has been corrected for a typo pointed out by Ananth, March 2018.
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Er det galt å justere for gestasjonsalder i 
epidemolologisk årsaksforskning?

• Kanskje nyttig å skiller mellom to typer studier:
– Prediksjon eller prognose

– Årsaksanalyse (analytiske studier) 

• DAG, confounders, mediation etc er bare relevant 
innen siste type studier(?)

• Avhengig av forskningsspørsmål, vil den ene eller 
andre typen studie være relevant.
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