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So, what if I have some missing data or 
patients in my clinical trial: what's the 
big deal, and wouldn’t imputation solve 
the problem? 
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• As a professor, I get 

academic credit by giving 

presentations like this 

I recently presented a version of this talk at the meeting on Hot Topics 
in Neonatology in Washington DC in 2022 
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Paper published in Pediatrics as a special article with an editorial  
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How prevalent is problem of missing data in perinatal 
and neonatal trials? 

❑ We searched Medline (via PubMed) for RCTs that enrolled 
newborns or their birthing parents, reported outcomes n the 
children 

❑ Trials published between January 1, 2020, and December 31, 2022.  

❑ Sources: 

✓ High-impact general medical journals: Lancet, NEJM, JAMA,  

BMJ 
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✓ Pediatric specialty journals: JAMA Pediatrics, Pediatrics, 
Lancet Child and Adolescent Health. 

Setting the stage 
❑We are talking about missing outcome data in 

a trial 

✓Part or all outcome data for some patients 

✓These are not missing by design 
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❑We are NOT talking about missing 
demographic or prognostic data 

❑This assumes that we have information on 
some or all baseline characteristics 
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What did we find? 

❑Included 87 eligible perinatal and neonatal RCTs  

❑77/87 (89%) trials had missing primary outcome 
data  

❑61 (79%) used a complete-case analysis as their 
primary approach 
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❑38 (49%) trial reports included some sensitivity 
analysis using a variety of imputation methods 
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❑There is high prevalence of missing data in 
recent perinatal and neonatal trials  

❑The handling of missing primary outcome data 
has been largely inadequate in recent perinatal 
and neonatal trials 
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Unfortunately, perinatal and 
neonatal area is not the only  

clinical area challenged by 
these deficiencies 
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This talk was about imputation of 
missing data in trials: What you need  
to know about what imputation is, why it 

is necessary, what the current  

practice looks like, what the best  
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methods to impute are, what it cannot 
do, and how to prevent the need for it 
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What is imputation 
of missing data? 

What does imputation mean? 
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“The practice of filling in missing 
data with plausible values.” 

(Schafer JL. Multiple imputation: a primer. Stat Methods Med Res 1999;8:3–15) 

In general, imputation methods fall under 4 main categories 

❑ Single imputation methods: replacing missing data with single plausible value 

✓ Mean/median imputation 

✓ Last observation carried forward/backward 

✓ Worst/best case scenario 

✓ Prediction of missing data 
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❑ Multiple imputation methods: replacing missing data with multiple plausible values 

❑ Model-based imputation methods 

✓ Likelihood based methods 

✓ Mixture models 

✓ Monte Carlo Markov Chain (MCMC) 

✓ EM algorithm  

✓ AI methods 

❑ Weighting methods 

✓ Inverse probability weighting 
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Complete Case Analysis 

 Time 1: no missing data Time 2: with missing data 

 

Analysis Result Using Complete  

Cases 
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Single Imputation Analysis 
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Time 1: no missing data Time 2: with missing data 

Single Imputation: 

LOCF 
Analysis based on imputed 

dataset 
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Adhoc: Single Imputation Analysis 
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Time 1: no missing data Time 2: with missing data 

Single Imputation: 
Worst Case Scenario 

Analysis based on imputed dataset 
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Multiple Imputation Analysis 



 

 

 

research.stjoes.ca 

 

Imputation 1 

Imputation 2 

Imputation 3 

Result 1 

Result 2 

Result 3 

Pooled results 

Analysis 

Analysis 

Analysis 
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The steps for model-based imputation 

1. Use ML (maximum likelihood) to estimate 
parameters based on complete data 

2. Use ML to impute missing data based on 
estimated parameters in Step 1 

3. Re-do step 1 based on imputed dataset 



 

 

 

research.stjoes.ca 

4. Repeat Steps 1-3 until no changes in 
parameter estimates 

Inverse Probability Weighting Method 

❑ Inverse probability weighting in conjunction with regression 
modeling 

❑ Also commonly referred to as  

✓ weighted complete-case analysis 

✓ inverse probability of participation/attrition weighting 
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❑ The IPW is based on the assumption that individual information 
that can predict the probability of inclusion (non-missingness) 
are available  

❑ The procedure is done in the following steps:  

1. Calculate the probability of non-missing information PS(X) 
using a logistic regression model—the response is the 
nonmissingness and the covariates are its possible 
predictors. 

2. The weight of each subject is given by the inverse of the 
predicted probability (ie. weight = 1/PS(X) ) 
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3. Then the analysis is performed using a weighted regression 
model 

Inverse PSW Method  

Probability score PS(X)   = 0.10 

            IPW=    1  = 10 
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                       0.10 

= 9 replicates 
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IPW is used to inflate the 
weight for participants who  
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are under-represented due to 
missing data from similar 
participants 
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❑There are several methods for dealing with 
missing data 
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❑All can be classified under 4 classes: single, 
multiple, model-based imputation and weighting 
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Why do we need imputation 
for missing data? 

In general, missing data create many problems including 

❑ Increase the risk of bias 

❑ Decrease statistical power 

❑ Reduce the representativeness of the sample 
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❑ Negatively impact the 

✓applicability of results 

✓reliability of results 

✓interpretability of results 

✓validity of the statistical methods (at least in 
trials) 
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So, imputation for missing 
data is a viable solution to 
these problems! 
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In practice, evaluation of 
the quality or certainty  

evidence from published  

study reports require that  
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we assess the risk of bias in  

the evidence 

The Cochrane Risk of Bias Tool  



 

 

 

research.stjoes.ca 

2 (RoB 2) and the ROBINS-1 

for assessment of risk in  

observational studies tool partly  
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require evaluation of the risk of 
bias due to missing data 
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1. bias arising from the randomization process; 
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2. bias due to deviations from intended interventions; 

3. bias due to missing outcome data; 

4. bias in measurement of the outcome; and 

5. bias in selection of the reported result. 
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Therefore, it is required in the 

overall evaluation of the  

certainty of evidence through  

GRADE  
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As a result… 
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Reporting guidelines for 

study protocols  

recommend description  
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of how missing data will 
be handled 
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Guideline  Item  

SPIRIT   

(BMJ. 2013;346:e7586.)  

20c Definition of analysis population relating to 

protocol non-adherence (eg, as randomised 

analysis), and any statistical methods to handle 

missing data (eg, multiple imputation)  

  

SPIRIT-PRO   

(JAMA. 

2018;319(5):483494)  

20c    State how missing data will be described and 

outline the methods for handling missing items or 

entire assessments (eg, approach to imputation and 

sensitivity analyses).  
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SPIRIT-AI   

(BMJ 2020;370:m3210)  

20c Definition of analysis population relating to 

protocol non-adherence (eg, as randomised 

analysis), and any statistical methods to handle 

missing data (eg, multiple imputation)  

  

SPENT 2019  

(BMJ 2020;368:m122)  

20c Statistical methods to handle missing data (eg, 

imputation). In addition for series: Definition of 

analysis population relating to protocol nonadherence 

(eg, as-randomised analysis).  
  

The SAP guideline for RCTs recommends it 
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Item 28: Missing Data 
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Reporting and assumptions/statistical methods to handle missing data 
(eg, multiple imputation) 
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It never used to be explicitly stated in the CONSORT  
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Statement and its extensions  
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Not it is! Fresh from the press today!  
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Update on CONSORT 2025 FYI 

❑ New CONSORT 2025 Update 

✓ BMJ: www.bmj.com/content/389/bmj-2024-081123 

✓ Lancet: www.thelancet.com/journals/lancet/article/PIIS0140-6736(25)00672-5/abstract 

✓ JAMA: https://jamanetwork.com/journals/jama/fullarticle/2832868 

✓ Nature Medicine: www.nature.com/articles/s41591-025-03635-5 

✓ PLoS Medicine: https://journals.plos.org/plosmedicine/article?id=10.1371/journal.pmed.1004587 

❑ New CONSORT 2025 E&E 

✓ BMJ E&E: https://www.bmj.com/content/389/bmj-2024-081124 

http://www.bmj.com/content/389/bmj-2024-081123
http://www.bmj.com/content/389/bmj-2024-081123
http://www.bmj.com/content/389/bmj-2024-081123
http://www.thelancet.com/journals/lancet/article/PIIS0140-6736(25)00672-5/abstract
http://www.thelancet.com/journals/lancet/article/PIIS0140-6736(25)00672-5/abstract
http://www.thelancet.com/journals/lancet/article/PIIS0140-6736(25)00672-5/abstract
https://jamanetwork.com/journals/jama/fullarticle/2832868
http://www.nature.com/articles/s41591-025-03635-5
http://www.nature.com/articles/s41591-025-03635-5
http://www.nature.com/articles/s41591-025-03635-5
https://journals.plos.org/plosmedicine/article?id=10.1371/journal.pmed.1004587
https://www.bmj.com/content/389/bmj-2024-081124
https://www.bmj.com/content/389/bmj-2024-081124
https://www.bmj.com/content/389/bmj-2024-081124
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❑ BMJ has also published several editorials highlighting the importance of 

CONSORT (and Doug Altman’s legacy and pivotal role) and reporting guidelines 

more generally: 

✓ https://www.bmj.com/content/389/bmj.r734 

✓ https://www.bmj.com/content/389/bmj.r718 ✓ https://www.bmj.com/content/389/bmj.r494 

❑ New CONSORT/SPIRIT 2025 Website 

✓ www.consort-spirit.org 

Update on SPIRIT 2025 FYI 

❑ New SPIRIT 2025 Update 
✓ BMJ: https://doi.org/10.1136/bmj-2024-081477 

https://www.bmj.com/content/389/bmj.r734
https://www.bmj.com/content/389/bmj.r718
https://www.bmj.com/content/389/bmj.r494
https://www.bmj.com/content/389/bmj.r494
http://www.consort-spirit.org/
http://www.consort-spirit.org/
https://doi.org/10.1136/bmj-2024-081477
https://doi.org/10.1136/bmj-2024-081477
https://doi.org/10.1136/bmj-2024-081477
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✓ JAMA: https://doi.org/10.1001/jama.2025.4486 

✓ Lancet: https://doi.org/10.1016/S0140-6736(25)00770-6 

✓ PLOS Med: https://doi.org/10.1371/journal.pmed.1004589 

✓ Nature Med: https://doi.org/10.1038/s41591-025-03668-w 

❑ New SPIRIT 2025 E&E 

✓ BMJ E&E: https://doi.org/10.1136/bmj-2024-081660 

❑ New CONSORT/SPIRIT 2025 Website 
✓ www.consort-spirit.org 

https://doi.org/10.1001/jama.2025.4486
https://doi.org/10.1016/S0140-6736(25)00770-6
https://doi.org/10.1016/S0140-6736(25)00770-6
https://doi.org/10.1371/journal.pmed.1004589
https://doi.org/10.1038/s41591-025-03668-w
https://doi.org/10.1038/s41591-025-03668-w
https://doi.org/10.1038/s41591-025-03668-w
https://doi.org/10.1136/bmj-2024-081660
https://doi.org/10.1136/bmj-2024-081660
https://doi.org/10.1136/bmj-2024-081660
http://www.consort-spirit.org/
http://www.consort-spirit.org/
http://www.consort-spirit.org/
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But, it is expected that if 
planned in the SAP or  

protocol, then the results  



 

 

 

research.stjoes.ca 

on handling of missing data 
will be reported 
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Regulatory agencies 

have provided guidance  

on how address it in  



 

 

 

research.stjoes.ca 

regulatory studies 
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Other major 

methodology groups  

have set standards of  
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how to deal with it 
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What is the current 
practice? 
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Unfortunately, 
the practice is 
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not good! 

Many  reviews show that the practice is far from optimal. 
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And the latest reviews show that nothing has changed 
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❑ The practice is variable 
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❑ The least optimal methods are frequently used 

❑ The most appropriate methods are infrequently 
used 

❑ Regardless of whether or not the design is a 
randomized or non-randomized, the handling of 
missing data in longitudinal studies is inadequate 
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What are the best 
imputation methods? 

It depends! 
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On What? 

The choice of methods 
depends on the  
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assumptions about the 
pattern of missingness 
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Different patterns of 

missing data 
 

 

• The likelihood of missing data is unrelated to any  
observed or unobserved variables. 

Missing completely at random (MCAR) 

• The likelihood of missing data is related to  
observed variables but not to unobserved  
variables 

Missing at random (MAR) 

• The likelihood of missing data depends on the  
unobserved data 

Not missing at random (NMAR) 
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Madison Zhang 

Former PhD HRM Student 
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❑ Consider using multiple imputation or mixed model 

methods—they have been shown were superior to other 

methods in terms of overall performance and bias,  

❑ Avoid LOCF approach 

❑ Perform sensitivity analysis to assess robustness 
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What is performance based on? 

Bias:  deviation from the truth (ie. Specified effect value ) 

Accuracy :   mean square error (MSE), which incorporates both bias and  
variability of the effect 

Coverage :   the proportion of times that the obtained confidence interval  
contains the true specified effect value 

Empirical Type I error rate :   the proportion of simulation samples in  
which the null hypothesis of no effect is rejected at the nominal, usually  
5  per cent, significance level, when the null hypothesis is false 

Empirical type II error rate :   the proportion of  p - values from testing the  
null hypothesis of no difference on each simulated sample that are less  
than the nominal 5 per cent significance level, when the null hypothesis  
is true 

Empirical Power:  1-  Type II error rate 
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Important 

Please note that ignoring missing 
data is essentially another way 
of handling missing data which 
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assumes that they are missing 
completely at random 
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❑ The choice of method is dependent on 
assumptions on pattern of missingness 

❑ In general,  

✓ single imputation methods such LOCF, mean 
imputation, worst/best case scenarios, don’t 
perform well 

✓ MI or model-based imputation methods 

perform better 
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What imputation cannot do  

Imputed data cannot… 

❑be used as replacement for better design 
and conduct of trials to prevent missing 
data!  
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❑tell why data were missing! 

❑tell whether or not the imputed value is 
true 

❑be used as clinical decisions for individual 
patients with missing data! 
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I tell colleagues that the 
best approach to missing 
data is to PREVENT IT! 
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Tom Fleming 
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“The preferred and often only satisfactory approach to 
addressing missing data is to prevent it” 

Strategies for preventing attrition 

(DeMauro SE. Does Attrition Still Matter And How Can It Be Reduced? Hot Topics in Neonatology. Washington DC, 2022) 
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✓ Engage families in the design of your 
study 

✓ Employ peer navigators to support 
study participants 

✓ Help families travel or travel to the 
family/school 

✓ Have flexible hours and scheduling 

✓ Provide childcare for siblings 

✓ Develop and use remote/virtual 

assessments 

✓ Make the assessments relevant (ie 
patient centered) 
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✓ Keep in touch, remind them that their 
contributions are valued 

There is 
some hope that 
decentralizing clinical  

Sara B. DeMauro, MD, MSCE, is an Associate  

Professor of Pediatrics at the University of  

Pennsylvania Perelman School of Medicine  
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trials will also reduce the 
likelihood of missing data! 

My advice: Use practical commonsense measures 

Work with mentors who are 
experienced in running trials or  

Collaborate with a biostatistician 

or methodologist 

Invest in hiring qualified research staff  

(research coordinator) 

Communicate with and educate patients 
about the trial/study and importance of 
complete data for study integrity 
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met 

Set targets for missing data and 
devise strategies if not Allocate 
resources to effective data 
collection, and following up 
patients for  

Design a simple, easy-
toimplement protocol with 
objectives in mind, with lots of 
flexibility to minimize attrition 

Plan sensitivity analyses to assess 
the impact of missingness on key 
findings using best methods 
depending on the nature of 

missingness 

Follow proper 

reporting guidance on 

what and how to report 
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There is another rare, but 
generally unrecognized  
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problem that can lead to 
missing data in trials 

Patients requesting withdrawal of their already collected 
data at the time when they withdraw from a study 
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Data withdrawal is addressed in Chapter 3: Consent Process; Article 3.7B: 
“Participants in such research must have the opportunity to refuse consent and 
request the withdrawal of their data and/or human biological materials whenever 
possible, practicable and appropriate (Article 3.1).” 
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However,…. 

“REBs must also consider whether the option to withdraw 
data is appropriate. In some types of research, permitting 
the withdrawal of data and/or human biological materials 
could skew the results of the research, invalidating the 
study and denying potential benefits to society. The 
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invalidation of study findings may also demonstrate a lack of 
respect for the contributions made by other participants” 

What are the frequently 
asked questions  
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about missing data? 

❑ How small a % of missing data to make it ignorable? 

✓ It depends! 
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✓ On size of study, reasons for missing, pattern of missingness 

❑ How large a % of missing to make it worthless to 

impute? 

✓ Evidence suggests that even upto 90% of missing outcome 

data is worth imputing 

❑ What if I have missing demographic or prognostic information 
instead of outcome data? Will the same methods work? 
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✓ This is unresolved 

✓ No reason to suspect that the methods won’t work 

❑ For large trials, is it really worth worrying about missing 
data? 

✓ Yes, it’s worth planning for regardless of the size of a study 

❑ I don’t like to work with “fake” data in my study? 
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✓ You are essentially assuming data are missing completely at 
random 

✓ This has been shown to be a biased strategy ❑Can I do 

posthoc imputation analysis? 

✓ Yes, but not ideal! 

✓ It is best to plan for this as part of your design protocol 

❑What software can I use to perform imputation? 
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✓ Most statistical software have MI algorithms 

❑What if I don’t know how to do MI imputation? 

✓ Get help 

✓ Best to collaborate with a biostatistician from start 

❑ Can I assess the MAR assumption? 

✓ This MAR assumption is not verifiable, because it assumes that missing data are 
dependent on missing data—which you don’t have. 
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❑ What about comparing the baseline characteristics of those with and without 
missing data to assess the MAR assumption? 

✓ The comparability of baseline characteristics won’t tell you anything about the 
comparability of missing and available outcomes 

✓ So, this is not a viable option for assessing MAR assumption ❑ What about missing 
data on secondary and tertiary outcomes? 

✓ The same issues apply to all outcomes regardless of whether they are primary, 
secondary or tertiary 

❑ Is there anything else I can consider? 

✓ Yes, consider using time-to-event as an outcome 
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✓ Missing outcomes are censored at the last observation, and therefore corresponding 
patients are still included in the analysis without the need to impute 

❑ What about patients who died, and therefore are missing secondary outcomes after 
dying? 

✓ Such outcome data are considered missing by design, and therefore not imputed 
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What are the available 

resources for dealing 

with missing data? 
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“This framework seeks to support researchers in thinking systematically about 
missing data and transparently reporting the potential effect on the study 

results, therefore increasing the confidence in and reproducibility of research 
findings”. 
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Read our paper in Pediatrics   
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There are many textbooks on the topic 
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Please share your 

favorite resources for 

everyone to learn from 
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❑ Think about the possibility of missing data during the 
design and use approaches to minimize or prevent it 

✓ Build this into the protocol 

✓ Build some sensitivity analysis into the protocol to 

assess robustness 
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❑ Imputation can increase the efficiency and validity of the 

analyses 

❑ Note that not all imputation methods work the same way— 

some are more efficient and less biased than others 

❑ For most trials, ignoring missing data is not a viable 

option 
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So, what if I have some missing data or 
patients in my clinical trial: what's the 
big deal, and wouldn’t imputation solve 

the problem? 

✓ Big deal because of the implications on inference 

✓ Best option is to prevent missing data 



 

 

 

research.stjoes.ca 

✓ Imputation is not a panacea, but can help as 2nd best 
option 

✓ Imputation should not be used as substitute for good 
design and planning 
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