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How Do We Typically Work?

▪ Conduct a research study using an appropriate 
study design

▪ Attempt to minimize bias in design, adjust for 
confounding

▪ Calculate a measure of association 

▪ Relative risk, risk difference

▪ Calculate a summary of random error (e.g. pvalue or 
95% CI)

▪ Interpret results based on the random error alone

▪ Then think about bias

▪ Comment on it in our discussion sections

Quantitative Bias Analysis: Introduction
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Feel Free to Ignore the Bias

▪ Goodman S. Introduction to Bayesian Methods I: 

measuring the strength of evidence. Clinical Trials 

2005; 2: 282-90

▪ “Let us remind ourselves what they have delivered into 

our laps. Here is a list of things that have been identified 

as cancer risks: electric razors; broken arms (but only in 

women); fluorescent lights; allergies; breeding reindeer; 

being a waiter; owning a pet bird; being short; being tall; 

and hot dogs. And, in case anyone is feeling safe -

having a refrigerator [5]. We are apparently all at risk. 

These results were not produced by Bayesian methods.”

1/23/2024Quantitative Bias Analysis: Introduction
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Premise

▪ If:

▪ The objective of etiologic 

epidemiologic research is to obtain 

a valid and precise measure of the 

effect of an exposure on the 

occurrence of a disease

▪ Then:

▪ Epidemiologists have an obligation 

to quantify how far from the 

objective their estimate might fall

Valid and precise      Not valid, precise

Valid, not precise      Not valid, not precise

Quantitative Bias Analysis: Introduction



Boston University Slideshow Title Goes Here

What is the Role of QBA?

▪ Way to relate estimates of bias 

and observed data to the true data

▪ Allows us to go beyond our 

assumptions about how bias 

behaves and quantify it

▪ Systematic approach to 

quantifying the impact of 

systematic error in terms of:
▪ Direction

▪ Magnitude

▪ Uncertainty

Quantitative Bias Analysis: Introduction
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HPV and cervical cancer as HPV tests 

improved

American Journal of Epidemiology 2010 171(2):164-168 

Odds ratios for the 

association between 

human papillomavirus 

(HPV) infection and 

invasive cervical cancer 

risk in successive 

molecular epidemiologic 

studies
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Example Background

▪ Research question:
▪ To investigate the association between smoking during 

pregnancy and breast cancer

▪ Innes and Byers, 2001:
▪ Women who smoked during pregnancy had almost five 

times the risk of breast cancer as women who did not 
smoke during pregnancy (OR: 4.8; 95% CI: 1.6–14.6)

▪ Wanted to replicate with similar design

▪ Strengths of study
▪ Minimal selection bias, included all eligible cases

▪ No recall bias because exposure and covariates 
assessed by review of birth certificates

Quantitative Bias Analysis https://link.springer.com/article/10.1023/A:1008961512841
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Smoking During Pregnancy and Breast Cancer

Smokers Non-smokers

Cases 215 1449

Controls 668 4296

Crude OR 0.95 (0.80 – 1.1)

Adjusted OR 0.97 (0.80 – 1.2)

Quantitative Bias Analysis: Misclassification
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Exposure Misclassification Terms

▪ Non-differential
▪ Rate of E misc don’t depend on D

▪ Se of E same in D+ and D-

AND

▪ Sp of E same in the D+ and D-

▪ Differential exp misclass
▪ Rates of E misc do depend on D

▪ Se of E not same in D+ and D-

OR

▪ Sp of E not same in D+ and D-

Quantitative Bias Analysis: Misclassification 1/23/2024

▪ Sensitivity 

▪ Probability of being correctly 

classified as E+

▪ Pr(T+|E+)

▪ Specificity 

▪ Probability of being correctly 

classified as E- 

▪ Pr(T-|E-)

▪ Classification values 

 Truth is the denominator, E is the truth, T is the test
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Results of Validation Studies

Quantitative Bias Analysis: Misclassification

Citation Standard SE SP

Buescher Medical record 0.87 0.99

Piper Medical record 0.78 0.99

Dietz Questionnaire 0.88 0.99

Dietz Capture-recapture 0.68 1

Cancer Registry All smokers 0.29 0.99

Cancer Registry Current Smokers 0.47 0.99

Multiple records Consistent Smokers 0.63 0.95
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Exposure Misclassification

17

1/23/2024

▪ To reverse

Truth Observed

E=1 E=0 E=1 E=0

Y=1 A B Se1A+(1-Sp1)B (1-Se1)A+Sp1B

Y=0 C D Se0C+(1-Sp0)D (1-Se0)C+Sp0D

Total N1 N0 Se1A+(1-Sp1)B  +

Se0C+(1-Sp0)D

(1-Se1)A+Sp1B +

(1-Se0)C+Sp0D

Observed Expected Truth

E=1 E=0 E=1 E=0

Y=1 a b [a-(1-Sp1)*Y1] / [Se1-(1-Sp1))] Y1 - A

Y=0 c d [c-(1-Sp0)*Y0] / [Se0-(1-Sp0))] Y0 - C

Total n1 n0 A+C B+D

Quantitative Bias Analysis: Misclassification
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Text Book – Edition 1, 2009, Edition 2, 2022

Quantitative Bias Analysis: Introduction

▪ We will use book, 

but it will also be a 

reference for you 

as go back to 

these methods

▪ There are other 

readings, let me 

know if you can’t 

access them
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https://sites.google.com/site/biasanalysis/

Quantitative Bias Analysis: Introduction

https://sites.google.com/site/biasanalysis/
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Multidimensional Table

SE SP A B C D OR

0.99 1.0 217.2 1446.8 674.7 4289.2 0.95

0.50 1.0 430 1234 1336 3628 0.95

0.25 1.0 860 804 2672 2292 0.92

0.99 0.9 54.6 1609.4 192.8 4771.2 0.84

0.50 0.9 121.5 1542.5 429 4535 0.83

0.25 0.9 324 1340 1144 3820 0.82

Quantitative Bias Analysis: Misclassification



Boston University Slideshow Title Goes Here

Non-differential Misclassification
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Steps for Summary PBA for Misclassification*
1) Input observed, summarized data into a 2x2 table

2) Input probability distributions for sensitivity and specificity (for now, uniform)

3) Randomly sample Se / Sp from specified distributions

4) Use simple bias analysis methods previously described for exposure 
misclassification to adjust the observed data (fits the expectation)

5) Sample E prevalence from beta distributions parameterized by adjusted data

6) Use Se, Sp and Prevalence to calculate PPV and NPV

7) Apply PPV/NPV to sample adjusted contingency table using binomials 
parameterized from the adjusted data

8) Summarize the contingency table (RR, OR, RD, etc.)

9) Save the adjusted estimate

10) Repeat many times (say 50,000)

11) Add random error back in

12) Create intervals from 2.5th to 97.5th percentile, median as point estimate

*Note this is from edition 2 of the text – edition 1 skips steps 5-7

Quantitative Bias Analysis: PBA
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Orientation to Excel PBAQuantitative Bias Analysis: PBA https://sites.google.com/site/biasanalysis/
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Bias Analysis Results (Col S-Y)

Quantitative Bias Analysis: PBA

RR OR RR OR Se(D+) Se(D-) Sp(D+) Sp(D-)

2.402 2.7671 1.656 2.8814 80.5% 80.5% 87.4% 87.4%

1.877 2.0519 1.628 1.7243 0.8915 0.892 0.9391 0.939

4.34 6.4373 4.255 7.7113 0.9168 0.917 0.811 0.811

2.095 2.3481 1.874 2.8315 0.9615 0.961 0.8958 0.896

1.895 2.0718 2.152 2.8943 0.8463 0.846 0.9407 0.941

2.876 3.4965 2.827 3.602 0.8197 0.82 0.8452 0.845

1.851 2.0183 1.637 1.8645 0.9127 0.913 0.943 0.943

4.645 7.1258 4.238 5.6023 0.8464 0.846 0.8087 0.809

2.491 2.9157 2.687 2.8913 0.9191 0.919 0.8614 0.861

1.907 2.0895 1.536 2.4818 0.8794 0.879 0.9339 0.934

3.901 5.4164 2.863 7.0287 0.8771 0.877 0.8174 0.817

2.165 2.4402 2.419 2.2263 0.8927 0.893 0.8914 0.891
4.985 8.2071 4.059 6.6007 0.9567 0.957 0.8045 0.805

2.025 2.2493 2.071 2.5637 0.9131 0.913 0.9089 0.909

2.304 2.642 2.701 2.241 0.9334 0.933 0.875 0.875

1.842 2.0052 1.443 1.607 0.89 0.89 0.948 0.948

2.192 2.4861 2.734 1.9723 0.9877 0.988 0.8832 0.883

2.443 2.8359 1.966 3.1339 0.8626 0.863 0.8673 0.867

1.785 1.9343 1.888 2.7605 0.9484 0.948 0.9567 0.957

1.899 2.084 2.073 1.9391 0.9659 0.966 0.9272 0.927

1.767 1.9055 1.83 1.973 0.8238 0.824 0.9818 0.982

2.056 2.2886 2.127 1.9995 0.8699 0.87 0.9076 0.908

2.664 3.1625 2.107 3.8726 0.8184 0.818 0.8554 0.855

1.692 1.8139 1.693 1.5051 0.9122 0.912 0.9942 0.994

2.449 2.8364 2.184 3.0718 0.8127 0.813 0.8697 0.87

3.417 4.4505 2.927 4.84 0.8628 0.863 0.827 0.827

2.109 2.3694 2.177 1.6999 0.9768 0.977 0.8931 0.893

2.008 2.2311 2.085 2.3575 0.9833 0.983 0.9067 0.907

 + Rand Error Chosen Bias ParametersSyst Error
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Interpretation

▪ Look at change in point estimate vs. conventional
▪ Direction, Magnitude

▪ Focus on width of the interval
▪ Note this is not a confidence interval

▪ For now focus only on systematic error

▪ This is a distribution of adjusted 

estimates given the bias parameters

▪ Interpret interval
▪ Take the ratio of the upper and lower limit as a measure of width

▪ Compare to conventional confidence interval

Quantitative Bias Analysis: PBA
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Conclusions

▪ Simple bias analysis allows is to quantify the impact of sources of 

bias rather than just speculating on the bias
▪ Focus on direction, magnitude

▪ Probabilistic bias analysis is an improvement over 

simple/multidimensional bias analysis because it allows us to put 

realistic distributions to the bias parameters and summarize the bias 

with a corrected point estimate and simulation interval
▪ Focus on direction, magnitude and uncertainty

Quantitative Bias Analysis: PBA
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