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Those of us who DO the research, but not the statistics. 



Why do we do Clinical Research? 



Epidemiology 

• Epidemiology focuses on why we do clinical 

research. 

• Official definition: 

– The study of the distribution of determinants of 

disease and response to treatment in populations. 

• The association of these determinants with 

outcomes is not random. 

• The application of studies to control the 

effects of disease in population. 



If it’s not random, then statistical 

analysis may be able to find it. 

Statistics is the science of collecting,  

organizing, summarizing, analyzing, and  

making inference from data. 

Descriptive statistics 

includes collecting, 

organizing, 

summarizing, and 

presenting data. 

Inferential statistics includes 

making inferences, 

hypothesis testing, and 

determining relationships. 



Understanding Statistics 

• Population 

• Description 

• Inference 

• BIG WORDS 

– Significant 

– Valid 

• No formulas 

• Focus on frequentist 



• Qualitative Data 
– Categorical 

• Sex 

• Diagnosis 

– Anything that’s not a # 

– Rank (1st, 2nd, etc) 

 

• Quantitative Data 

– Something you measure 

– Age 

– Weight 

– Systolic BP 

– Viral load  

Statisticians need DATA 



Data Comes from a Population 

• In clinical research the population of 

interest is typically human. 

• The population is who you want to infer to 

• We sample the population because we 

can’t measure everybody. 

• Our sample will not be perfect. 

– True random samples are extremely rare 

– Random sampling error 



Describing the Population 

Characteristic N % 

Grand 

Region 

East 495 35.5 

Middle 535 38.4 

West 360 25.8 

• Table 1 in Papers 

• Frequencies for 
categorical 

• Central tendency for 
continuous 
– Mean / median / mode 

– Dispersion 

• SD / range / IQR 

• Distribution 
– Normal (bell shaped) 

– Non-normal (hospital LOS) 

• Small numbers / non-
normal data 

• Non-parametric tests 

Mean SD 

BMI (median = 40) 41.8 9.5 

Age 36.4 13 



Descriptive Rates 

 

• Numerator  

• Denominator 

• Time 

 

• N = 4 / 12 

• Rate = 0.3  

– 3/10 

– 30/100 

– 300/1,000 

2005 
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Significance of Descriptions 

• A description cannot have statistical 
significance. 

– It’s not being compared to anything 

– It is an estimate of reality. 

 

 

• The estimate has a measure of dispersion 
(SD) 

– We can calculate a confidence interval for the 
estimate that considers sampling error. 



Inferential Statistics 
• We are comparing things 

– Point estimate to reference point 

– two groups or two variables. 

• Is bone density associated with HgBA1C? 

• Are children hospitalized with bronchiolitis more likely to 

have a family history of asthma? 

  

 
Ex- 
 

Ex+ 
 

Dz- 
 

45 
 

20 
 

Dz+ 
 

60 
 

70 
 

Chi sq = 8.4 / p = 0.004 



Need a Hypothesis 

• What are we looking for? 

– A priori   

– How do we phrase the hypothesis? 

• Exposure:  independent variable, risk 
factor, experimental intervention. 

• Outcome:  dependent variable, disease, 
event, survival. 

• Be specific 

• Fishing expedition = bad 



Statisticians Require Precise 

Statement of the Hypothesis 

• H0:  There is no association between the 

exposure of interest and the outcome 

• H1:  There is an association between the 

exposure and the outcome. 

– This association is not due to chance. 

– The direction of this association is not 

typically assumed. 



Basic Inferences 

• Correlation 

– Pack years of smoking is 

positively associated with 

younger age of death.  

– (R square) 

• Association 

– Smokers die, on average, 

five years earlier than non-

smokers.  

– Smokers are 8 X more 

likely to get lung cancer 

than non-smokers. 



Measure of Effect 

• Risk Ratio / Odds Ratio / Hazards Ratio 
– Not the same thing, but close enough. 

• Calculate point estimate and confidence interval 
of the ‘risk’ associated with an exposure. 
– Smoking 

– Drug X 

 

• If Rate ratio = 1 
– There is no relationship between the exposure and 

the outcome 

– This is the ‘null’ value (remember null hypothesis?) 

RR =  
Rate of disease among smokers 

Rate of disease among non-smokers 



AGAIN – point estimate and 

confidence interval 

95% confidence interval 

 normally distributed statistic 

 sample and measurements are valid 

http://en.wikipedia.org/wiki/Image:Standard_deviation_diagram.png


Interpreting Measures of Effect 

RR = 1:  No Association 

RR >1:  Risk Factor 

RR <1:  Protective Factor 



Crude vs Adjusted Analyses 

• Crude analysis – we only look at exposure and 

outcome. 

• Adjusted analysis – we adjust for potential 

‘confounding variables’ 

– The existence of confounding obscures the true 

relationship between exposure and outcome.  

– We can control for confounding by adjusting for 

confounding variables using statistical models. 



Illustrating Confounding 

Drinking 

Coffee 

Pancreatic  

Cancer 

Drinking 

Coffee 

Smoking  

Cigarettes 

Pancreatic  

Cancer 

The relationship between coffee drinking 

and pancreatic cancer is confounded by cigarette smoking. 



Statistical Model 

• Holding the effect of cigarette smoking 
constant – what is the relationship between 
coffee and pancreatic cancer? 

• Multivariable MODELS can adjust for multiple 
confounders at the same time (if you have 
enough data). 

RR non-smokers = 1.4 

RR 1-10 cigs/day = 1.4 

RR 11-20  cigs/day = 1.4 

RR crude = 4 RR adjusted = 1.4 



Estimate the ‘Independent’ Effect of 

the Exposure 



Models can be very Complicated 

• Complications include 
– Adjusting for multiple factors 

– Categorical / continuous / ordinal predictors and outcomes. 

– Correlated data 

– Time to event data 

– Time effects 

– Interaction terms 

• Typically the goal remains the same: 

Measure the effect of an exposure  

on an outcome. 



P value? 

• We can make a point estimate and a 
confidence interval. 

• What’s a p value? 

– Significant p value is an arbitrary number. 

– Does NOT measure the strength of 
association. 

– Measures the likelihood that the observed 
estimate is due to random sampling error. 

– P < 0.05 is, by convention, an indication of 
‘statistical significance’. 



Statistical Significance ≠ Clinical Significance 



If you have cancer, which result  

do you want? 

• Mean = 1.4 

• SD = 0.1 

• P <0.0005 

 

• Mean = 4 

• SD = 1.5 

• P = 0.051 



Hypothesis testing 

• Uses the p value 

• Or, does the confidence 

interval include the null 

value? 

 

• Looking at a, b, and c – 

which p value is: 

– p = 0.8 

– p = 0.047 

– p = 0.004 

• CI is better than p value. 

Figure 1.  Risk of adverse pregnancy 

outcomes among women with 

asthma. 

a 

b 

c 



Testing Hypotheses 

• We can produce a point estimate and a 
confidence interval. 

• We can calculate a p value. 

• What statistical tests do we use? 
– Ask a statistician / take a class 

– There are many methods 

– T test  

– Chi squared 

– F test 

– Etc. 



Hypothesis Tests are not Perfect 

• So, if I test the 

hypothesis 

and get an 

answer, then I 

know the 

answer- right? 

• Hah – we 

need jobs! 

No 

association 

Association 

P 

>0.05 

Correct 

decision 

Type II  

β error 

P < 

0.05 

Type 1 

α error 

Correct 

decision 



What Affects Statistical Power? 

• Beta error = low statistical power. 

• The total sample size and the within group 

sample size  

– Small groups have lower power 

– Unbalanced groups have lower power 

• The effect size 

– It’s easier to find a LARGE effect. 



Examples of Alpha Error 

• Bad luck 

• Unavoidable (5% of the time)  

 

http://en.wikipedia.org/wiki/Image:Standard_deviation_diagram.png


The Fishing Expedition 
Type I alpha error is due to ‘random’ chance associated with 

sampling. 

If you perform multiple tests, the chance of random error increases. 

A priori hypothesis 

Adjust the level of significance downward. 
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Sources of Error 

• Measurement error  

• My exposure is ANTI-OXIDANTS. 

• My outcome is DEPRESSION.  

• Misclassification  

• Unmeasured confounding 
• Other dietary factors (recent research shows that selenium is 

associated with depression). 

• BMI 

• Age  

• Disease – sick people may follow a special diet and may also 
get depressed. 



Some More Error 

• Selection Bias 

• Recall Bias 

• Observer Bias 

 

• Error (bias) can 
– Cause me to find a 

false association. 

– Prevent me from 
finding a true 
association. 



Validity 

• Statistics can provide a point estimate a 

confidence interval.    

• These estimates don’t mean a thing if they 

aren’t valid. 



Internal Validity 

• Internal validity 

– I have managed measurement and study 

design error. 

– I have used the right statistical methods 

• Clinical research staff have a big role here. 

– There is a lot we can do to improve data 

– Other problems cannot be eliminated. 



Validity 

• External validity 

– Do the results of my study apply to other 

people who were not in my study. 

– Is the study generalizable?  

 





Randomized Trials 

• These are a special 
case. 

• Confounding is mostly 
controlled by 
randomization. 

• Measurement is 
standardized. 

• Exposures and 
outcomes are strictly 
defined. 



Frequentist Folly 

• Statistical 
significance is based 
on sampling error. 

• Sampling error is 
probably my smallest 
source of error. 

• Unless I’ve done a 
very good 
experiment. 

Rev. Thomas Bayes 

http://en.wikipedia.org/wiki/Image:Thomasbayes.jpg


‘Bayesian’ Statistics 

• Call a real statistician 

• Assume you know something about the 
problem before you start to study it. 

– Be conservative in you prior estimates. 

• Do your study, and stop and look at your 
data frequently. 

• Now, based on the new data, where 
should we place our new ‘best estimate’ of 
the truth? 



Fun for Decades to Come 

• You will have a job 

– Because real research involves error 

– Medical knowledge changes 

• Statisticians need data 

– Custom databases (MS access) 

– Bioinformatics (SAS / SQL) 

– Statistics 


