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1. The Guyatt et al.
(1986) example

• Patient: 65-year, male

• Diagnose: Uncontrolled asthma

• Current treatment:

Albuterol (2 puffs 4 times a day)

Theophylline (300 mg by mouth 3 times a day)

Ipratropium bromide (2 puffs 4 times a day)

Prednisone (25 mg alternating with10 mg daily)
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• Patient: 65-year, male

• Diagnose: Uncontrolled asthma

• Current treatment:

Albuterol (2 puffs 4 times a day)

Theophylline (300 mg by mouth 3 times a day) ?

Ipratropium bromide (2 puffs 4 times a day) ????

Prednisone (25 mg alternating with10 mg daily)



• Double-blind N-of-1 RCT of theophylline versus placebo

• Randomized Block Design: pairs of both treatment in random order

• Treatment periods of 10 days

• At the end of each 10-day period: 7-point scale
7 = optimal function, 1 = severe symptoms

o Shortness of breath on (1) bending, (2) hurrying and (3) climbing stairs

o Perceived need for inhaler during the day

o Extent to which breathlessness disturbed his sleep
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• Double-blind N-of-1 RCT of ipratropium versus placebo

• Randomized Block Design: pairs of both treatment in random order

• Treatment periods of 10 days

• At the end of each 10-day period: 7-point scale
7 = optimal function, 1 = severe symptoms

o Shortness of breath on (1) bending, (2) hurrying and (3) climbing stairs

o Perceived need for inhaler during the day

o Extent to which breathlessness disturbed his sleep

• 3 repeated ratings during each period

1. The Guyatt et al.
(1986) example







N-of-1 trial = a prospective, multiple crossover trial in a single patient

N-of-1 RCT = N-of-1 trial + randomization of the treatment sequence

Replicated N-of-1 RCTs = N-of-1 RCTs + replication across patients

≠ Case studies, case series, case reports, observational time series studies

= A specific design in a broader family of single-case experimental designs

2. What is an N-of-1 trial? Definition



(Tate et al., 2016)



(Bradbury et al., 2020)



 RCTs can answer the clinical research question: What works?

 Large-scale group-comparison RCTs: What works on average?

≠ What works in general?

≠ What works for the majority of patients?

 N-of-1 RCTs can answer the clinical research question:

3. Importance for health and life sciences: In general and

for rare diseases in particular

What works for this particular patient?







4. Validity and methodological quality of N-of-1 RCTs













5. Data analysis in N-of-1 RCTs

Graphical Data Analysis

Descriptive Statistics

Inferential Statistics



Visual inspection alone: only for clinical use

“The t-test is routinely used for N-of-1 RCTs, 
and is universally included in statistical
packages.” (p. 1289)







Problems with the routine use of parametric t-tests 

in the analysis of N-of-1 RCT data

1. The pairs are not independent

2. The distributional assumptions of the test are implausible

3. The variability within a period is ignored

4. Missing data are ignored

5. Optional stopping requires additional Type I error rate control



Inferential data-analysis (Onghena et al., 2018, 2020)

• What is the statistical inference about?

o Population = one particular patient

o Sample = the repeated measures 

o Causal inference = demonstrations of a cause-and-effect relation for that specific patient

• Which statistical model?

o Segmented linear and nonlinear regression models

o Interrupted time series models – Borckard’s Simulation Modeling Analysis

o Multilevel models – Meta-analysis

• Which inferential procedure / logic?

o Ordinary least squares and maximum likelihood criteria

o Design-based – Randomization-based inference

o Bayesian inference
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t = 5.10 



t_OBS = 5.10 t1 t9 t2 t4 t3 t5 t6 t8 t7 t10 t11 t13 t12 t14  t15 



𝑃 =
2

16

𝑃 = 0.125

𝑃 =

Number of test statistic values that are equal to,
or more extreme, than the observed value

Total number of test statistic values



> oneway_test(V3 ~ V2 | V1 , alternative='two.sided', distribution='exact',

+   data=Dataset)

Exact Two-Sample Fisher-Pitman Permutation Test

data:  V3 by V2 (Active, Placebo) 

stratified by V1

Z = 1.8936, p-value = 0.125

alternative hypothesis: true mu is not equal to 0



Example: p1 = .30, p2 = .20   S = .50

Under H0: Uniform distribution

P(S  .50)? 

.50

.50

1.00

1.00

0

0

Replications?

P(S  .50) = (.50)2/2 = .125

𝑃 𝑆 ≤ 𝑆𝑜𝑏𝑠 =
𝑆𝑜𝑏𝑠

2

2

(as long as the observed

sum is not larger than 1)



Example: p1 = .55, p2 = .95   S = 1.50

Under H0: Uniform distribution

P(S  1.50)? 

.50

.50

1.00

1.00

0

0

Replications?

𝑃 𝑆 ≤ 𝑆𝑜𝑏𝑠 =
𝑆𝑜𝑏𝑠

2

2
− 𝑆𝑜𝑏𝑠 − 1 2

𝑃 𝑆 ≤ 1.50 =
1.50 2

2
− 2

0.50 2

2

= 0.875



.30, .30, .20, .20  .0417

(Edgington, 1972; Onghena & Edgington, 2005)







Shiny SCDA (De et al., 2020; De & Onghena, 2022)

1. The randomization tests do not assume independent data

2. The randomization tests are distribution-free

3. Variability within a period may be included by using other designs

4. Missing data are taken into account (even MNAR)

5. Optional stopping not yet included



Conclusion

1. Replicated N-of-1 RCTs have a long history, but only recently have
been gaining popularity in the health sciences

2. Replicated N-of-1 RCTs are appealing for research on rare diseases
because of their feasibility and because of their validity to test
treatment effects at the individual level

3. Routine statistical analysis of N-of-1 RCT data needs to be improved

4. We need more user-friendly statistical tools and an effort in
statistics education to move beyond the parametric t-test



Thank you!
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