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Missing Data: Causes and Why It Matters

Why it mattersCauses



Types of Missing Data

Missing Completely at Random 

(MCAR)
Missing at Random 

(MAR)
Missing Not at Random 

(MNAR)



i. Listwise deletion 

(aka complete case analysis): 

remove entire rows with any 

missing value.

iii. Column deletion: remove a 

variable with too much missing 

data (e.g., >40%)

ii. Pairwise deletion: use 

available data for each     

variable pair.

N/B: All three methods are valid only if MCAR and 

missingness is small. Otherwise, they reduce power 

or bias results.

1. Handling Missing Data: Ignore/Delete Approaches



2. Handling Missing Data: Single Imputation Approaches

i. Mean/median/mode

Imputation

ii. Last/Next Observation 

Carried Forward/Backward 

(LOCF/NOCB)

iii. Missing Indicator 

Method

N/B: All single imputation methods underestimate variability and hence risk biasing results.



3. Handling Missing Data: Multiple Imputation

1. Incomplete Data

• Dataset with missing 

values. Goal: avoid 

bias and data loss.

2. Imputed Data

• Generate multiple plausible 

datasets.

• Each missing value filled in 

using MICE (regression 

models conditional on other 

variables).

3. Analysis Results

• Analyze each imputed 

dataset separately

• Get estimates & standard 

errors

4. Pooled Results

• Combine results across 

datasets using Rubin’s Rules

• Accounts for both within- and 

between-imputation variance

• Produces valid estimates & 

confidence intervals



Missingness Type to Handling Method

Missingness Type Handling Methods

MCAR (Missing Completely at Random)
• Listwise (CCA) / Pairwise deletion 

• Simple imputation (mean/median)

MAR (Missing at Random)

• Multiple Imputation (MICE) 

• Maximum Likelihood (e.g., mixed models, EM 

algorithm)

MNAR (Missing Not at Random)

• Sensitivity analyses.

• Pattern-mixture models 

• Selection models / Delta adjustment

N/B: The best method for handling missing data is preventing it at study design and data collection stage.



Assessing Missing Data in Practice

4. Modeling approach

Logistic regression: outcome = “is missing” indicator, predictors 
= other variables

Helps identify MAR predictors

3. Formal checks: 

Little’s MCAR test (tests MCAR assumption) Compare observed vs missing groups (Chi-square, t-tests, SMD)

2. Explore patterns: Visualize missingness (heatmaps, missing data matrix)

1. Background review: Check study design, protocol, and collection process



Missing data visualisations: example



Baseline imbalance by BMI missingness

Fig 1: Compute standardized mean differences (SMDs) and 
plot imbalance between “BMI observed” and “BMI missing”. 

Vertical lines mark |SMD| = 0.10.
Fig 2: Baseline characteristics stratified by BMI 
missingness. 

1. Create missingness indicator: 

Observed vs Missing.

2. Compare groups: Use chi-

square/Wilcoxon tests.

3. Quantify imbalance: Use SMD, 

preferred over p-values because 

it reflects magnitude, not sample 

size.



Complete case analysis model            vs        Multiple imputed data model

Model comparisons: R analysis output

In this CCA model, only 606 

obeservations are used

CCA: 606 / 9556 (6.3%) retained

in this MI model, all 

9556 observations 

are included

MI: 9556 / 9556 (100%) retained



Complete case analysis model Multiple imputed model

Notice differences in:

• The estimate (ORs) sizes

• The 95% CI widths

• The p-values for each 

variable for CCA versus MI

Compare CCA versus MI Results

Key takeaways:

• CCA wastes data → weaker results

• MI keeps all data → stronger, more 

precise estimates

• CCA loses power → wide CIs, 

unstable p-values

• MI improves power → narrow CIs, 

smaller p-values, more reliable 

associations



Sensitivity Analysis in Missing Data

3. Outcomes

Changing results = less reliable conclusions. Stable results = more confidence.

2. Check if results change when:

Comparing missing vs observed groups
Using different imputation methods/models 

(add/remove predictors)

1. It is difficult to know the true missingness mechanism, so:



• We found that only 34.4% of studies reported missing data.

• Missingness was mostly in the exposure variables, notably, CD4 count and viral load. 

• Few studies discussed how missingness biased results and conclusions. 

• Of the studies that reported missing data, less than half of these studies reported how 

they handled missing data, and for those that did, they largely used complete case 

analysis followed by multiple imputation methods. 
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