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What is Biostatistics?

• Statistics applied to biological problems is called biostatistics.

• “Using the tools of statistics, biostatisticians help answer pressing 
research questions in medicine, biology and public health, such as 
whether a new drug works, what causes cancer and other diseases, 
and how long a person with a certain illness is likely to survive.”

-- https://www.biostat.washington.edu/about/biostatististics

• Biostatistical skills can transfer!
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https://www.biostat.washington.edu/about/biostatististics


Several Examples
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Biostatistics and Public Health
• Epidemiology is about the understanding of disease development and 

the methods used to uncover the etiology, progression, and 
treatment of the disease.
• Biostatistics provides quantitative tools and methods to analyze data 

collected from an investigation to aid decision making.

Biostatistics Epidemiology

Public Health
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Outbreak of Cholera in London (1854)
• John Snow, father of modern epidemiology
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Common Steps in Epidemiologic Approach

• Perform an initial observation to confirm the outbreak
• Define the disease
• Describe the disease by time, place, and person
• Create a hypothesis as to the possible etiologic factors
• Conduct analytic studies
• Summarize the findings
• Recommend and communicate the interventions or preventative 

programs
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Role of Biostatistics in Public Health
• Address a public health question
• Conduct a study and collect data
• Experimental study, observational study

• Describe the data/exploratory data analysis
• Assess the strength of evidence of a hypothesis, i.e., make inference
• Recommend interventions or preventive programs
• Change of personal behavior, or regulation program in the public domain
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http://www.cancer.org/cancer/breast-cancer/risk-and-
prevention/lifestyle-related-breast-cancer-risk-factors.html 8





Dr Harold Shipman



Harold Shipman

• Britain’s most prolific convicted murderer
• Mild-mannered family doctor in Manchester
• Between 1975-1998, he injected at least 215 elderly patients with a 

massive opiate overdose
• He finally made the mistake of forging the will of one of his victims so 

as to leave him some money …
• Forensic analysis showed he had been retrospectively changing 

patient records to make his victims appear sicker than they really 
were.



The Trial

• He was found guilty and jailed for life (15 death).
• The question was still there: 
• What crimes he might have committed apart from those for which he 

had been tried?
• Whether he could have been caught earlier?
• Conclusion: total murder, 215, and possibly 45 more.



What? When?

• Age
• Gender

Ø Women
Ø 70s-80s
Ø Initially all elderly
Ø younger cases crept as the years went by

1992



Could Harold Shipman have 
been caught earlier?
• Excess mortality, 174 women and 
49 men for people aged 65 or over
• At what point to blown the whistle?
• 1979, pvalue reached 0.004 

for 40 obs vs 25.3 expected
• Not appropriate, multiple testing

(25,000 GPs)
• After Bonferroni correction, 1984, 
105 obs vs 59.2 expected
• Sequential test: 

monitors accumulating evidence



Risk-adjusted sequential probability ratio tests: applications to Bristol, Shipman and adult cardiac surgery
International Journal for Quality in Health Care, Volume 15, Issue 1, February 2003, Pages 7–13



Clinical Trials

• The evaluation of intervention (treatment) on disease in a controlled 
experimental setting
• History
• 1600 East India Company
• In the first voyage of four ships, only one ship was provided with lemon juice, 

and this was the only ship relatively free of scurvy
• 1753 James Lind
• “I took 12 patients in the scurvy aboard the Salisbury at sea. The cases were 

as similar as I could have them … they lay together in one place … and had 
one common diet to them all… To two of them was given a quart of cider 
aday …to two oranges and lemons, to two a course of sea water …”
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Observational

Controlled clinical trial



Pharmaceutical industry

• Before World War II, no formal requirements were made for 
conducting clinical trials before a drug could be freely marketed
• In 1938, animal research was necessary to document toxicity
• In 1962, “adequate and well controlled trial” was required
• In 1969, randomized clinical trial became mandatory to get marketing 

approval from the Food and Drug Administration (FDA)
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人民日报：中国新药研发有望迎来“黄金十年”

• 2020年，首届全球生物医药前沿技术与政策法规大会
•“仿制药大国”à“创新药大国”
•对标发达国家，突出问题：产业规模较小、自主创新品牌较少、
产业链不够完善
•四大短板：基础研究、临床研究、低水平重复研发、监管政策
•新范式：超算、人工智能、药物数字研发平台；人群细分、精准
找到药物有效的特定人群；靶点预判、有效成分筛选预判、临床
试验效果预判；
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•默沙东（MSD）
• https://www.msdchina.com.cn/index.html
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•百济神州（BeiGene）
• https://www.beigene.com.cn/
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Phases of Clinical Trials

• Pre-clinical: Biological activity, preliminary test on animals
• Clinical 
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Primary focus of each phase:
Ø Safety and tolerability
Ø Efficacy
Ø Comparison with standard 

treatment
Ø Post-market monitoring



Limitations of Biostatistical Analysis
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Bicycle Helmets and the Law
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Questions to ask
Ø At society level, what is the effect of a public health 

policy that requires or promotes helmets?
Ø At an individual level, what is the effect of wearing a 

helmet?



Contradictory Evidence
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Cons

Dennis et al. doi:10.1136/bmj.f2674

Canadian helmet legislation on admission for cycling head 

injuries “seems to have been minimal”.

Pros

Case control studies (Cochrane Database Syst Rev 2000, 

2:CD001855)

People wearing helmets are less likely to have a head injury.



Impossible Decision Making
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Influential factors when you interpret the results:
Ø Have the analysis considered background trends?
Ø Is head injury modeled as a proportion of all cycling injuries or not?
Ø What are the controls? 

Ø Cyclist presenting with other injuries in the emergency department? Then the 
analysis are conditional on having an accident and therefore assume that 
wearing a helmet does not change the overall accident risk.

Ø Unmeasured confounders:
Ø people who choose to wear helmet may be more cautious, so less likely to 

have a serious head injury, regardless of their helmets



More Complications

26

Ø People who are forced by legislation to wear a helmet may be 
different.
Ø Are they wearing the helmet correctly?
Ø Their behavior might change as a consequence of wearing a helmet.

Ø Drivers might give larger clearance to cyclist without a helmet.
Ø Even if helmets do have an effect on head injury rates, it would not 

necessarily follow that legislation would have public health benefits 
overall. 
Ø Changes in cycling rates

Ø Different story for children: crashes are more common
Ø Varying effect on different groups: 

Ø speed-happy group and traditional cyclist, as study shows helmet legislation may reduce 
cycling rate in the second group



Several important topics

• How to interpret p-values
• What is a good estimation? Bias and precision
• Confounding
• Association and causality
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P-values
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P Value

29Source: Wikipedia
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https://www.statisticssolutions.com/

H0: Not pregnant
H1: Pregnant
Test statistic: certain blood test

https://www.pinterest.com.au/



Ban of P-Values
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Scientists rise up against statistical significance
20 March 2019



Ban of P-Values
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Scientists rise up against statistical significance
20 March 2019

From my point of view, the tests are used to 
ascertain whether a reasonable graduation
curve has been achieved, not to assert 
whether one or another hypothesis is true or 
false.                                        -Karl Pearson



What are P-Values?
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The authors found a low-level increase in AMI risk in the 
highest exposure group (relative risk = 1.3, 95% 
confidence interval: 0.9, 1.9) and suggestions of an 
exposure-response relation (p = 0.02). 



Q What does it mean by “p=0.02”?

A. The probability that the exposure-response relationship is due 
to the chance alone is 0.02.

B. The probability that the null hypothesis (i.e., there is no 
exposure-response relationship) is false is 0.02.

C. The probability that the investigators make type I error if they 
conclude that the association is real is 2%.

D. It doesn’t really matter because it is just a scientific convention 
that if p<0.05, then the association is significant.

E. None of above.
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What are P-Values?
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The authors found a low-level increase in AMI risk in the 
highest exposure group (relative risk = 1.3, 95% 
confidence interval: 0.9, 1.9) and suggestions of an 
exposure-response relation (p = 0.02). 

If we did a similar study design again, the probability that we would 
obtain a similar or greater level of association than found in these 
data, if the null hypothesis (of no exposure-response relationship) is 
true, is 0.02.



Widespread Misunderstanding
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R. NUZZO; SOURCE: T. SELLKE ET AL. AM. STAT. 55, 62–71 (2001)



Interpretation of p-value

• Fisher: Probability that we would obtain a more extreme result than 
the actual one if the null hypothesis is true.
• Neyman and Pearson “no test based upon a theory of probability can 

by itself provide any valuable evidence of the truth or falsehood of a 
hypothesis”.

37

No magic of “P<0.05”
Over interpretation in both directions
“significant” and “non-significant”.
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Responsible Conduct 
of Research

• A responsible researcher should consider obligations toward other 
researchers, toward oneself, and toward the public.
• Research is based on the same ethic values that apply in everyday life, 

including honesty, fairness, objectivity, openness, trustworthiness, 
and respect for others.
• A “scientific standard” refers to the application of these values in the 

context of research.
• Science is a cumulative enterprise in which new research builds on 

previous results. 
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Handling Data

• When you are an experimental scientist who collects and analyzes data
• When you are a computational scientist who develop 

algorithms/softwares/tools
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Overfitting/Over interpretation 
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Ten Simple Rules for Reproducible Computational Research

• For every result, keep track of how it was produced
• Avoid manual data manipulation steps
• Archive the exact versions of all external programs used
• Version control all custom scripts
• Record all the intermediate results, when possible in standardized formats
• For analyses that include randomness, note underlying random seeds
• Always store raw data behind plots
• Generate hierarchical analysis output, allowing layers of increasing detail to be inspected
• Connect textual statements to underlying results
• Provide public access to scripts, runs, and results
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PLoS Comput Biol 9(10): e1003285. https://doi.org/10.1371/journal.pcbi.1003285



Bias and Precision
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What is a good estimate?

• Unbiased
• Precision
• Consistent

45http://danielnee.com/2015/01/common-pitfalls-in-machine-learning/



What is a good estimate?

• Unbiased
• Precision
• Consistent

46http://danielnee.com/2015/01/common-pitfalls-in-machine-learning/

When you want to estimate a treatment effect
Ø Mean tells only half the story.
Ø Variability of estimated treatment effect determines the 

precision and reproducibility of the estimation.



Manage Variability
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In general, increase the sample size reduces the precision.

However ,sample size is usually limited by budget, resource, …

Good design accounts for all possible sources of variation

May eliminate through appropriate statistical methodology to 
identify and separate known sources of variation.



Confounding
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Observational/Experimental Studies

• Observational study
• The investigator use the data observed in the population to make inference 

on the relationship between the variables
• Experimental study
• The investigator intervene in the natural history by actively alternating one of 

the variables and then making inference on the relationship between the 
variables based on the outcomes
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Confounding factors:

• Example: use of seat belts
• Hypothesis: seat belts save lives
• Data collected: fatality outcome and seat-belt use of victims of motor 

vehicle accidents during a one-month time period in a large city
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Q The study of seat-belt use is a  
A. Observational study
B. Experimental study



Case: Use of Seat Belts
Seat Belt

Driver Worn Not Worn
Dead 10 20
Alive 40 30
Total 50 50
Fatality Rate 20% 40%

1. What is your hypothesis?
2. What is your conclusion?
3. What do you suggest based on this study?
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Case: Use of Seat Belts

• Making inference:
• Are results applicable to the population of all drivers?
• Does wearing seat belts save lives?

• Making comparisons:
• Is the fatality rate of those wearing seat belts higher than the fatality rate of 

those wearing seat belts?
• Predictions:
• How many lives can be saved by wearing seat belts?

• Ask more questions:
• Q Is there other variables that influence the conclusion?
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Speed at Impact
<= 30 Miles per Hour > 30 Miles per Hour

Driver Seat Belt 
Worn

Seat Belt 
Not Worn

Seat Belt 
Worn

Seat Belt 
Not Worn

Dead 3 2 7 18
Alive 27 18 13 12
Total 30 20 20 30
Fatality Rate 10% 10% 35% 60%

How does this influence your conclusion?
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üAnalysis of Contingency Table
üConfounding



Birth order and risk of Down’s syndrome
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American Journal of Epidemiology, 103(6):560-4

The association between birth order and Down's 
syndrome was confounded by age.



US Divorce Data
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Ø Value of repeated measure
Ø Multi-section, multi-time point


