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Missing completely at random (MCAR)
• The probability of being missing is the same for all cases

Missing at random (MAR)
• The missingness depends on information we have already 

observed
Missing not at random (MNAR)
• The probability that data are missing depends on the unobserved 

data

BMJ 2009;338:b2393
Clinical Epidemiology 2017:9 157–166

Types of missing data
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Clinical Epidemiology 2017:9 157–166

Proposed methods for dealing with 
missing data in the design phase

• Optimizing data collection

• Pilot studies can help to identify variables particularly 
susceptible to missing values, and steps

• Regular monitoring of data quality and completeness

• Patients may be asked to provide reasons for refusing to 

participate
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Proposed methods for dealing with 
missing data in the analytic phase
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Specification of imputation models
1. Deterministic imputation

2. Partial deterministic imputation + MI (PDI + MI)

3. Standard MI (SMI)

4. Restricted MI (RMI)
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• Substitution method (missing M stage -> M0) 

• Imaged men with M0 cannot be differentiated from 
nonimaged men

• Unbiased estimates for the population means or totals if 
• the missing values are missing completely at random (MCAR)

• the missing values only depend on the auxiliary variables 
which are used to construct the imputation cells 

A Study of Imputation Algorithms
Ralph Lee. U.S. Department of Education. National Center for Education Statistics.

1. Deterministic imputation
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Single value imputation

Normal distribution of observed BMI in a 
full dataset of 10,000 observations.

Distribution of BMI in a dataset of 10,000 
observations, where 35% of BMI

values are missing and replaced by the 
observed mean BMI value
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• However, the distribution of the data will be distorted 

substantially and the concentration of all imputed values 
at the cell means creates spikes in the distribution. 

• Therefore, quartile estimates will be biased, and the 
variances materially underestimated.

A Study of Imputation Algorithms
Ralph Lee. U.S. Department of Education. National Center for Education Statistics.

1. Deterministic imputation
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• Variance-covariance estimates calculation by the 

adjusted mean imputation (or substitution) method

• Using a denominator of n-m-1 instead of n-1 

(n = sample size, m = number of cases missing)

A Study of Imputation Algorithms
Ralph Lee. U.S. Department of Education. National Center for Education Statistics.

1. Deterministic imputation
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• Cohen (1996) suggested another way to adjust variance 

estimates by imputing more diversified values for the 
missing cases.

• Imputing half of the missing values with

r = number of response values, yr = mean of observed values,                                                

A Study of Imputation Algorithms
Ralph Lee. U.S. Department of Education. National Center for Education Statistics.

1. Deterministic imputation
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• PDI: Low metastatic risk with missing M stage -> M0

• MI: Remaining missing data in M stage and all other 
variables (e.g., PSA and N stage) was imputed using MI 

including all variables.

Journal of Clinical Epidemiology 155 (2023) 22-30

2. Partial deterministic imputation + MI 
(PDI + MI)
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The following variables were included: age at diagnosis, 

year of diagnosis, and M stage, and the auxiliary variables
• logPSA, T and N stage, Gleason sum, WHO grade, primary 

treatment, mode of detection, follow-up time and cause of death 
(prostate cancer or other causes) or censoring. 

xxx

2. Partial deterministic imputation + MI 
(PDI + MI)
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Imputation based on Clinical Imputation
• Imputation missing N- and M-stage data only in 

low/intermediate-risk men
For example:
• T1 and Gleason 6 -> unlikely to have nodal involvement 

or distant metastases (N0 and M0)
• Staging data is available for nodal disease but missing 

data for distant metastases -> likely that staging was 
performed and very low likelihood of missing M-stage 
representing positive disease (M0)

Cancer Epidemiol. 2019 Feb:58:44-51.



Overall survival for men with complete N-stage (N1/N0)
showing the distribution of M-stage (M1/M0/missing M).

Cancer Epidemiol. 2019 Feb:58:44-51.



Overall survival for men with low/intermediate-risk disease (T1-2 and Gleason score ≤7) 
showing the distribution of: a. N-stage (N1/N0/missing N) b. M-stage (M1/M0/missing M)

3 clinical assumptions:
1. Recorded N-stage: missing M-stage → M0
2. Low/Intermediate-risk men: missing M-stage → M0
3. Low/Intermediate-risk men: missing N-stage → N0

Cancer Epidemiol. 2019 Feb:58:44-51.



Cancer Epidemiol. 2019 Feb:58:44-51.

Overall survival for men with high-risk disease (T3-4 or Gleason score ≥8) 
showing the distribution of M-stage (M1/M0/missing M).
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• Increased the completeness of clinical staging
• Perform as well as multiple imputation 
• More easily applicable for those without appropriate 

statistical software or expertise
• Less appropriate for use in cancer registries with less 

complete staging data

Cancer Epidemiol. 2019 Feb:58:44-51.

2. Partial deterministic imputation + MI 
(PDI + MI)
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• All variables were included and missing data were 

imputed using MI. 

• This model was identical to PDI + MI. The only difference 

was that M stage was not substituted to M0 prior to 
performing the multiple imputation procedure.

Journal of Clinical Epidemiology 155 (2023) 22-30

3. Standard MI
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The 3 main stages of implementing MI

Clinical Epidemiology 2017:9 157–166

Imputation
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An example of the imputed missing BMI 
values generated with 5 imputed datasets
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The 3 main stages of implementing MI

Clinical Epidemiology 2017:9 157–166

Estimate#1

Estimate#2

Estimate#3

Estimate#4

Estimate#5

Imputation Analysis
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The 3 main stages of implementing MI

Clinical Epidemiology 2017:9 157–166

Imputation Analysis Pooling

Estimate#1

Estimate#2

Estimate#3

Estimate#4

Estimate#5
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• The validity of the MI methods relies on the plausibility 

of the MAR assumption

• T- tests and logistic regression analyses can be used to 

investigate if there is a relationship between variables 
with and without missing data 

• MNAR can result in a large bias in estimates obtained 
after MI that operates under the MAR assumption

Journal of Clinical Epidemiology 155 (2023) 22e30

Missing at random (MAR) assumption
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J Urol 2012;187:2026e31. 

D’Amico staging requires all 3 variables
• Prostate specific antigen (PSA)
• T stage 
• Gleason score

P: men with incident prostate cancer

E: patient age, race, Geographic region

O: unclassified risk group due to 
unknown variables

J Urol 2012;187:2026e31. 
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J Urol 2012;187:2026e31. 
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xxx

Cancer Epidemiology 37 (2013) 813–819

P: Primary prostate cancer cases from New South Wales Central Cancer Registry (NSW CCR) 
E: Patient characteristics 

• age, place of residence at diagnosis, year of diagnosis and country of birth
O: Disease stage of prostate cancer

• localized, regional, distant or ‘‘unknown’’
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Selection of variables 
in order to create multiple imputed datasets 

when looking into the association BMI and transfusion risk.

variables within the original data that are not included in the analysis, but are correlated 
to the variables of interest or help to keep the missing process random

• Age
• Co-morbidity 
• Year of diagnosis
• Socio-economic 

deprivation
• Cancer types
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Auxiliary variables need to fulfill one of following criteria

1) The auxiliary variable should be associated with the 
values of the incomplete variables

2) The auxiliary variable should be associated with the 

value of the incomplete variables and the likelihood of 
the data being missing

Clinical Epidemiology 2017:9 157–166

Which variables should be included in 
the multiple imputation model?
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Which variables should be included in 
the multiple imputation model?

If we are not sure, these relationships can be identified by 
setting up, 

1) a logistic regression model with the missingness (as 0 or 
1) being the outcome and auxiliary variables being the 
explanatory variables, or 

2) a regression model with the incomplete variable as the 
outcome and auxiliary variables again as explanatory 
variables.
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• Only TNM stage, age, and year of diagnosis were included, and 
missing data were imputed using MI. 

• In particular, PSA, Gleason score, survival time and indicator of 
cause of death (or censoring) were omitted from the imputation 
model. 

• Survival data were included in a sensitivity analysis. 

Journal of Clinical Epidemiology 155 (2023) 22-30

4. Restricted MI
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Multiple imputation example

767 (22%) with missing 
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Partial 
deterministic 
imputation + 
Multiple 
imputation

Replacing missing values by a 
single value, and then remaining 
missing data values are imputed 
using multiple imputation based on 
the distribution in the dataset

MAR • Increased the 
completeness of 
clinical staging

• Perform as well as 
multiple imputation 

• More easily applicable 
for those without 
appropriate statistical 
software or expertise

• Less appropriate for use in 
cancer registries with less 
complete staging data




