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Outline

• Unraveling the complexities of statistical 
presentation — why it is important 

• Steps in a research project — how is statistics
involved in each step? 

• Conducting and reporting research
• Basic study designs — review
• Making sense of statistics in clinical trial reports

— the essentials of statistical analysis
• Displaying results in tables and figures
• Estimates of treatment effects and their 

confidence intervals (CIs) 
• P-values and their interpretation
• Conclusions
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Unraveling the Complexities of Statistical 
Presentation — Why It Is Important
• P-values can be grossly misinterpreted
• Authors often present the relative risk rather than the 

absolute risk difference, although the latter has more value 
to patients

• Ex 1: The decrease of an event rate from 4% to 2% is often 
reported as a “50% decrease”, which is the relative risk 
reduction, but the absolute decrease is just 2%. 

• Ex 2: SPRINT (Systolic BP Intervention Trial), NEJM: 
o “Trial participants assigned to the lower SBP target 

(intensive-treatment group), as compared with those 
assigned to the higher target (standard-treatment 
group), had a 25% lower relative risk of the primary 
outcome.“

o Actually, this is an absolute risk reduction of just 1.6%, 
in % of patients with a primary outcome from 6.8% 
(for the standard-trt group) to 5.2% (for the intensive-
trt group) over a median 3.26-year follow-up. 
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Steps in a 
research 
project—
how is 
statistics
involved 
in each 
step?

Conceive Biomed/Clinical/PH Research Question

Choose
Study Design          Clinical Measures

Statistical Model

Determine Sample Size

Run Study: Implement Design to Sample 
& Collect Data w/ Quality Control

More QC: Clean Data

Report Results: P-values, 
Point Estimates, 95% CIs, etc

Interpret Results to
Answer Research Question

Analyze Data by using Statistical Model
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Conducting and Reporting Research

Research Question (Hypothesis)

Introduction Section

Research Design/Methods

Methods Section

Data Summaries and Analyses Results

Results Section

Conclusions

Conclusions/Discussion Section



Basic Study Designs — Review (1)

I.  Descriptive/qualitative studies

Case Report and Case Series

II.  Explanatory/quantitative studies

A.  Experimental

Randomized (controlled) clinical trial

(RCT)*

B.  Observational

1.  Cohort*

2.  Case-control (retrospective)

3.  Cross-sectional (at a single time point)

*prospective study
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Basic Study Designs — Review (2)
Explanatory Studies

• sample(s)                 population(s)

• group comparison

Experimental (Clinical trial): the researcher does
something (ie, assigns treatments) to the subjects 
and observes the results; and controls random 
allocation of subjects to treatments; conclusion 
about causation is often possible 

Observational (Cohort, Case-control, Cross-
sectional): the researcher observes an existing 
situation but has no control over allocation of 
subjects to treatments, and no conclusion about 
causation can be made w/o additional info 
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Making Sense of Statistics in Clinical Trial 
Reports: 
The Essentials of Statistical Analysis (1)
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Making Sense of Statistics in Clinical Trial 
Reports: 
The Essentials of Statistical Analysis (2)

The main steps in data analysis (Pocock et al, 
JACC, 2015) are: 
1. Displaying results in tables and figures

2. Quantifying any associations (eg, estimates of 
treatment differences in patient outcomes)

3. Expressing the uncertainty in those associations by 
use of confidence intervals (CIs)

4. Assessing the strength of evidence that the 
association is “real” (ie, more than could be expected 
by random chance) by using p-values (for statistical 
tests of significance)
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Making Sense of Statistics in Clinical Trial 
Reports: 
The Essentials of Statistical Analysis (3)

Abbreviations and Acronyms: 

ANCOVA = Analysis of Covariance

CABG = Coronary Artery Bypass Grafting

CI = Confidence Interval

PCI = Percutaneous Coronary Intervention

RCT = Randomized Clinical Trial

SBP = Systolic Blood Pressure

SD = Standard Deviation

SE = Standard Error 

IQR = Inter-Quartile Range
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Displaying Results in Tables and Figures: 
Table of Baseline Data
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PARADIGM-HF = Prospective Comparison of Angiotensin Receptor–
Neprilysin Inhibitor with Angiotensin Converting–Enzyme Inhibitor to 
Determine Impact on Global Mortality and Morbidity in Heart Failure
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PARADIGM-HF = Prospective Comparison of Angiotensin Receptor–
Neprilysin Inhibitor with Angiotensin Converting–Enzyme Inhibitor to 
Determine Impact on Global Mortality and Morbidity in Heart Failure
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Table 1. (Cont’d) - the “middle” part of the table is not shown here.  



Displaying Results in Tables and Figures: 
Table of Main Outcome Events
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SAVOR-TIMI 53 = Saxagliptin Assessment of Vascular Outcomes 
Recorded in Patients with DM–Thrombolysis In Myocardial Infarction 53
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SAVOR-TIMI 53 = Saxagliptin Assessment of Vascular Outcomes 
Recorded in Patients with DM–Thrombolysis In Myocardial Infarction 53
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Table 2. (Cont’d).  



Displaying Results in Tables and Figures: 
Kaplan-Meier Plot
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PLATO = Study of Platelet Inhibition and Patient Outcomes 
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Displaying Results in Tables and Figures: 
Repeated Measures Over Time
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Displaying Results in Tables and Figures: 
Trial Profile
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Estimates of Treatment Effects and  
Their Confidence Intervals (CIs)
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Estimates of Treatment Effects and Their 
Confidence Intervals (CIs): General Ideas
-1) Obtain a point estimate, ie, the actual difference observed. 

-2) Express the degree of uncertainty present in the data, ie, the 

bigger the trial, the more precise the point estimate; usually expressed 

as a 95% CI. 

The type of estimate depends on the nature of the patient outcome: 

1. A binary (yes/no) response, eg, success or failure, dead or alive, or 

the composite in a trial (“death, MI, ischemia-driven 

revascularization, or stent thrombosis”; ie, did any of these occur 

within 48 h of randomization in percutaneous coronary intervention 

[PCI] patients, yes or no? 

2. A time-to-event outcome, for example, time-to-death, time-to-

symptom relief, or in a trial, the time-to-”first hospitalization for heart 

failure or cardiovascular death”, whichever (if either) happens first. 

3. A quantitative outcome, eg, change in SBP from randomization to 6 

months later. 
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Estimates of Treatment Effects and  
Their Confidence Intervals (CIs):
Estimates Based on Percentages
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Estimates of Treatment Effects and  
Their Confidence Intervals (CIs):
Expressing Uncertainty Using CIs
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Estimates of Treatment Effects and  
Their Confidence Intervals (CIs):

Estimates for Time-to-Event Outcomes
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PLATO = Study of Platelet Inhibition and Patient Outcomes 
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Estimates of Treatment Effects and  
Their Confidence Intervals (CIs):

Estimates for Quantitative Outcomes
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P-values and Their Interpretation:
General Ideas
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P-values and Their Interpretation: 
General Ideas
-Explaining p-values until after descriptive statistics, estimation, and 

CIs, is both natural and also an attempt to counter the obsessive 

tendency for people to classify a clinical trial into “positive” or “negative” 

depending on whether or not the primary endpoint achieves p < 0.05. 

-Such oversimplification is an abuse of the p-value, which can be a 

valuable statistical tool when interpreted appropriately. 

-Alongside an estimate of a treatment difference and its 95% CI, the 

corresponding p-value is the most succinct direct way to express the 

extent to which it is a real treatment effect (or, rather, an artefact). 

-At the core of any (superiority) significance test is the null hypothesis

that the 2 treatments are identical in their effect on the outcome. 

-The p-value is the probability of obtaining a treatment difference at 

least as great (in either direction) as that actually observed if the null 

hypothesis were true. The smaller the p-value, the stronger the 

evidence against the null hypothesis; ie, the more convincing the 

evidence that a genuine treatment difference exists. 
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P-values and Their Interpretation: 
Some Details
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P-values and Their Interpretation: 
Some Details (1)
Interpretation of a “positive” trial rests on more than just a significant – value. 

1. Give the actual p-value (ie, p = 0.042 rather than p < 0.05 or crudely 

“significant,” or p = 0.061 rather than “not significant”).

2. Recognize the link between the p-value and the 95% CI for the treatment 

difference. If the 95% CI includes no difference, that is, 0 on an absolute 

scale (eg, % or mean difference) or 1 on ratio scale (eg, relative risk or 

hazard ratio), then we know p > 0.05. Conversely, if the 95% CI does not 

contain the null value, then we know p < 0.05. 

3. It is best to use 2-sided p-values. That is, under the null hypothesis, p is the 

probability of getting a difference in either direction as big as (or bigger) than 

that observed. Occasionally, people will argue that they are only interested in 

1 direction of treatment effect (new treatment superior) and, hence, should be 

allowed to halve the p value via a 1-sided test. This practice produces an 

inconsistency across trial reports and makes it too easy to achieve p < 0.05. 

4. A small p-value clarifies that an observed treatment difference appears 

greater than what could be attributed to chance, but this does not 

automatically mean that a real treatment effect is occurring. 
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P-values and Their Interpretation: 
Some Details (2)
5. There is an important distinction between statistical significance and clinical 

relevance of a treatment effect. Here, the magnitude of treatment difference 

and its CI are a guide as to whether the benefit of a new treatment is 

sufficiently great to merit its use in clinical practice. 

6. For a small trial to reach a statistically significant treatment effect, the 

magnitude of treatment difference needs to be very large. For instance, a trial 

of acetylcysteine versus placebo to prevent contrast-induced nephropathy 

reported 1 of 41 and 9 of 42 acute reductions in renal failure (p = 0.01). This 

finding has a risk ratio of 0.11 with a very wide 95% CI: 0.015 to 0.859. The 

observed result is “too good to be true.” A comparable small trial with a 

nonsignificant finding would doubtless not have been published in a major 

journal. Thus, publication bias, that is, the tendency for published trials to 

exaggerate treatment effects, is accentuated when trials are small. 

7. Here we discuss the interpretation of p-values (and CIs) for trials whose 

purpose is to determine if one treatment is superior to another (aka superiority 

trial). For non-inferiority trials, with the goal of seeing if a new treatment is as 

good as the control, interpretation is somewhat different.
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P-values and Their Interpretation: 
Examples
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Conclusions

44



10




