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Diving Into the Rabbit Holes of Statistics

Bayesian methods 

Frequentist methods 

Effect size

MCMCStochastic control

Gaussian processes

BNMA

MMRM



“My Result Has a P-Value < .05”

Citrome L. Call for papers. International Journal of Clinical Practice. www.youtube.com/watch?v=ETM-8y68KbQ. Accessed June 7, 2019.



Why is This Presentation Being Done?

• Even smart people often assume that if a P-value < .05 then the result 
must be important

• Moreover, there is often the false belief that a P-value < .0001 denotes 
an even more impressive difference

• There is a general lack of understanding of effect size and how this can 
be used to appraise clinical trial results

• Simple to calculate measures of effect size such as number needed to 
treat (NNT) and number needed to harm (NNH) can help treaters place 
study outcomes in a more relevant clinical context



Outline

• What is an effect size and how is it different from a P-value?

• A word about relative effect sizes

• What are Number Needed to Treat (NNT) and Number Needed to Harm 
(NNH)?

• What is Likelihood to be Helped or Harmed (LHH)? 

• Summary
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The difference in remission for a major depressive episode at 6 
weeks for Drug A vs Drug B is highly statistically significant, but 

clinically irrelevant 

Citrome L. Acta Psychiatr Scand. 2008;117(6):412-419.  
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How irrelevant is this? Can we quantify this?



Concepts Related to Benefit / Risk:
P-Value

• This gives an indication of how strong the likelihood that 
any difference is NOT due to chance

• The smaller the P-value, the more convinced you are 
that something is going on that is not just random

• This does not state anything about the size or the 
importance of the non-random effect

• P-value is not the same as effect size

Citrome L. Acta Psychiatr Scand. 2010;121(2):94-102.



Concepts Related to Benefit / Risk:
Effect Size

• This gives an indication of how big the treatment effect 
is in terms of reduction in symptoms, or other outcome 
of interest

• The greater the effect size, the more convinced you are 
that the intervention will have a clinically important 
impact

• This does not state anything about statistical significance 
of the observed outcome in a clinical trial

• Effect size is not the same as P-value

Citrome L. Acta Psychiatr Scand. 2010;121(2):94-102.



There are Several Measures of Effect Size

Citrome L. Acta Psychiatr Scand. 2010;121(2):94-102.

Effect Size
Range of Possible Values 

(weakest, ie, no difference, to strongest)

Typical Example of 

a Small Effect

Typical Example of 

a Large Effect

Relative Measures

Relative Risk 1 to ∞ 2 4

Odds Ratio 1 to ∞ 2 4

Hazard Ratio 1 to ∞ 2 4

Relative Risk Increase 1 to ∞ < 100% 300%

Absolute Measures

Attributable Risk 0 to 100% < 10% 33%–50%

NNT ∞ to 1 ≥ 10 2–3

Cohen’s d 0 to ∞ 0.2 0.8

Area Under the Curve 0.50 to 1.00, or 0.50 to 0 0.56 0.71

Success Rate Difference 0 to 1 0.11 0.43



P-Value vs Effect Size

P-Value Effect Size 

Indicates Statistical Significance Indicates Clinical 
Significance

Independent of Effect Size Independent of P-Value
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Contrasting Absolute and Relative Risk 
Prospective Results from the Women’s Health Initiative

http://news.bbc.co.uk/go/pr/fr/-/2/hi/health/3748697.stm
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Contrasting Absolute and Relative Risk 
Prospective Results from the Women’s Health Initiative

“In each story, the media 

highlighted the change in risk 

associated with aspirin -- noting 

prominently something to the 

effect that aspirin users had a "20 

percent lower risk" compared with 

nonusers.”

“The implied message in many of 

the stories was that women 

should consider taking aspirin to 

avoid breast cancer.”
Schwartz LM et al. The Washington Post Tuesday, May 10, 2005.



Contrasting Absolute and Relative Risk 
Prospective Results from the Women’s Health Initiative

• Absolute risk
• The risk of developing breast cancer for postmenopausal women 

who do not take aspirin on a regular basis is 955/194, 884 person-
years, or 0.49% 

• Relative risk
• Taking an aspirin a day for at least 5 years reduces risk by 20% to 

99/24,398 person-years, or 0.41%; this is a relative risk reduction of 
20%

• The absolute risk reduction is only 0.08% versus a relative risk 
reduction of 20%

Harris RE et al. Cancer Research  2003;63:6096-6101.



Contrasting Absolute and Relative Risk 
Prospective Results from the Women’s Health Initiative

• “Another way to present these results would be to say that a 
woman's chance of being free from breast cancer over the next 
five years was 98.4 percent if she used aspirin and 98 percent if 
she did not.

• “Seeing the actual risks leaves a very different impression than a 
statement like ‘aspirin lowers breast cancer risk by 20 percent.’ ”

Schwartz LM et al. The Washington Post Tuesday, May 10, 2005.



Relative Measures: Rules of Thumb

• In observational studies, many epidemiologists will be 
less likely to accept at face value an RR of less than 3.0, 
and almost never an RR of less than 2.0

• Increases in risk of less than 100% (i.e. an RR of less than 
2.0) are difficult to interpret because of the possibility of 
confounding factors that have not been accounted for

Citrome L. Driugs of Today 2004;40(5):445-464.  



Relatively Speaking, How Odd Can Hazards Be?
Strength of the association may be high, but statistical significance may not be 

reached (if confidence intervals includes 1.0)
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Citrome L. PsychEdUp 2005;1(10):2-3.  
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Daily News April 5, 2007



Daily News April 5, 2007



Daily News April 5, 2007



http://www.time.com/time/magazine/article/0,9171,1590464,00.html

Medicine’s Impact on Society



Concepts Related to Benefit / Risk:
Effect Size – NNT

•NNT is one measure of effect size

• It is independent of P-value and does not say 
anything about the likelihood of the difference 
between treatments being due to chance alone

•Helps you judge the clinical significance of a 
statistically significant result

Citrome L. Acta Psychiatr Scand. 2010;121(2):94-102.



NNT

• How many patients would you need to treat with Drug A 
instead of Drug B before you would encounter 1 extra outcome 
of interest, such as response

Citrome L. Acta Psychiatr Scand. 2010;121(2):94-102.

Small NNT Numbers = Bigger Difference 
between Drug A and Drug B



Calculating NNT is Easy

Citrome L. Acta Psychiatr Scand. 2010;121(2):94-102.

What is the NNT for an outcome for Drug A vs Drug B?

fA = frequency of outcome for Drug A
fB = frequency of outcome for Drug B

Attributable Risk (AR) = fA – fB

NNT= 1/AR

By convention, when not presenting fractions, we round up the NNT 
to the next higher whole number

For example, Drug A results in remission 50% of the time, but Drug B 
results in remission 20% of the time. 

NNT = 1/[0.50-0.20] = 1/0.30 = 3.33  → Round up to 4



Back to Our Example: Quantifying Irrelevance

Citrome L. Acta Psychiatr Scand. 2008;117(6):412-419.  
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NNT = 100

NNT = 1/(0.315-0.305) = 1/0.01 = 100



What is NNH?

• NNH is Number Needed to Harm

• NNH is calculated the same way as NNT

• We would use the term NNH when referring to an 
outcome we are trying to avoid, or to refer to a 
disadvantage for Drug A vs Drug B

• In calculating NNT, if it is a negative number, we can call 
it an NNH

Citrome L. Acta Psychiatr Scand. 2008;117(6):412-419.  



NNT NNH



What is a Clinically Important NNT?

• A large NNT of ≥ 100 means that there is little difference 

between choosing Drug A or Drug B for the outcome measured

• A small NNT of 2 would be a hugely important difference

• NNT values < 10 denote a potentially useful intervention

• NNH values > 10 denote a potentially tolerable intervention

• Some NNTs may be clinically important, even if they are 

relatively large, for example when the outcome is death

Citrome L. Acta Psychiatr Scand. 2008;117(6):412-419.



Examples of NNT from Cochrane Reviews



Can We Express Statistical and 
Clinical Significance Together?

• We can do this for NNT by also giving the CI
• What is the range of values of NNT within which “the truth” 

probably exists?
• If this range includes “infinity” it means it can take an infinite 

number of patients to see a difference, ie, there is no 
difference

• CI tells us about the precision of our estimate of NNT

• You can calculate it with a simple formula, or use an online 
calculator 

Citrome L. Acta Psychiatr Scand. 2008;117(6):412-419.  



Limitations of Using NNT / NNH

• GIGO

• It is most valid to calculate from an RCT with identical 
conditions for all drugs under study

• Results are only calculable for binary or dichotomous events 
that are either present or absent, and do not apply to 
continuous variables such as the value of a blood test

• However, values with clinically significant thresholds, such as 
weight gain > 7% can be expressed as an NNT because then 
they are binary

Citrome L. Acta Psychiatr Scand. 2008;117(6):412-419.  



NNT Summary

• Absolute differences place the data in a clinically 
meaningful context, relative differences can be deceiving

• The concept of NNT allows the clinician to estimate a 
medication’s potential relevant effect

• Examining the magnitudes of NNT (and NNH), the 
clinician can start to make risk–benefit decisions tailored 
to the individual patient’s needs or preferences

Citrome L. Acta Psychiatr Scand. 2008;117(6):412-419.  
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LHH:
Likelihood to be Helped or Harmed

• LHH ratios (likelihood of being helped or harmed) can be a valid and 
useful way of synthesizing data regarding benefits and risks

• LHH = (1/NNT) / (1/NNH) = NNH/NNT

• An LHH > 1 would mean the likelihood to be helped is greater than the 
likelihood to be harmed; for an LHH < 1, the reverse is true

• Benefit–risk can thus be quantified by calculating LHH, provided that the 
benefit and harm being considered are relevant to the particular 
individual and are logically matched in terms of expected time course 
and consequences

• Remember that benefits and risks can take on greatly differing degrees 
of importance or relevance depending on the subjective point of view of 
the patient and clinician, baseline risks, and severity of the underlying 
illness

Citrome L, et al. Exp Rev Neurother. 2008;8(7):1079-1091. Straus SE. Eval Health Prof. 2002;25(2):210-224.



Deutetrabenazine vs Valbenazine: 
NNT in Fixed-Dose Trials - Very Similar

Citrome L, et al. Int J Clin Pract. 2017;71:e13030. Citrome L. J Neurol Sci. 2017;383:199-204.



Deutetrabenazine vs Valbenazine: 
NNT in Fixed-Dose Trials – Very Similar

• NNT for response for either medication was ~5

• NNH vs placebo for discontinuation because of 

an adverse effect in the fixed dose studies for 

either medication was ~100

• Thus LHH for response vs discontinuation 

because of an adverse effect is ~20

Citrome L, et al. Int J Clin Pract. 2017;71:e13030. Citrome L. J Neurol Sci. 2017;383:199-204.
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Summary

• NNT and NNH can be easily calculated

• NNT and NNH must be interpreted in a clinical context

• Every patient has individual patterns of treatment and 
a different set of preferences

• LHH can help when discussing trade-offs between 
benefit and risk, provided both are meaningful to the 
clinician and patient, and are comparable in terms of 
time course
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nntman@gmail.com
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AI rendition 2026
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