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OBJECTIVE

Sample-size calculations are an underpinning  to designing 
a randomized controlled trial (RCT).1 If the prevalence of a 
disease process is overestimated during the design phase of 
an RCT, the trial will recruit fewer participants and appear 
more feasible from a time and resource perspective. How-
ever, this overestimation increases the risk of type II error, 
creating a noninformative trial.2 As a result, studies with 
inaccurate sample-size calculations may lack clinical utility 
and may even be considered unethical due to the risks under-
taken by participants.3,4 Data in the obstetrical literature 
suggests that the majority of RCTs inaccurately estimate 
the prevalence of the disease process being investigated.5 
The objective of this study was to ascertain whether the 
estimated prevalence of the outcome used for sample-size 
calculations in RCTs in all specialties is similar to the actual 
reported prevalence( as identified in the frequency of primary  
outcome in the placebo arm).

METHODS

During a one-year study period (2021) all RCTs were man-
ually identified and abstracted from three major journals 
(JAMA, NEJM, and the Lancet). In each trial, the disease 
prevalence for the primary outcome that was used for the 
sample-size calculation was identified and compared to the 
actual disease prevalence detected in the completed RCT. 
If the prevalence of the primary outcome was below the 
assumed rate in the study design, the trial was considered 
to have an inaccurate assessment of prevalence. Studies 
with underestimated disease prevalence rates were not con-
sidered to have inaccurate assessments, as this variation 
would still allow the study to detect a true association. Chi-
square was used for all categorical variables, and P <0.05 was  
considered significant. 

RESULTS 

Of the 265 identified RCTs, 101 were included in the analy-
sis. The most common reasons for trial exclusion were a pri-
mary outcome that did not include disease prevalence (e.g., 
time) and non-inferiority trial design. Forty-six trials (45%) 
had an estimated disease prevalence rate equal to or greater 

than the disease prevalence in the study, and 55 (55%) trials 
had an inaccurate assessment of the prevalence of the dis-
ease (Table 1). There was no difference in the estimated sam-
ple sizes, number of centers, or geographic location between 
trials. Trials with an accurate baseline rate were more likely 
to anticipate a change in the baseline rate of > 30% for sam-
ple size. There was no difference in the rate of positive trials 
between those with an accurate and inaccurate estimate of 
disease prevalence (62.2% vs. 67.2%, p=0.60). Eighty percent 
(80%) of trials had a disease prevalence estimate within 42% 
of the disease prevalence in the study, and 95% of all trials 
were within 83%.

DISCUSSION
Over half of the RCTs examined here overestimated the 
prevalence of the disease process in the primary outcome 
and thus were at increased risk of a type II error. When 
designing RCTs researchers should consider factoring in an 
underestimation of disease prevalence (by as much as 40%) 
into their sample-size calculations, to minimize the risk of 
type II error. Overestimation of treatment effect, which was 
not examined in this paper, could also result in a type II error 
and examination of estimated effect size could be a focus of 
a future investigation. Further research to identify methods 
of improving disease estimates is warranted.   
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Sample size had 
accurate assessment 

of prevalence of 
disease
(N=46)

Sample size 
had inaccurate 
assessment of 

prevalence of disease
 (N=55)

P

Journals, N (%)
   JAMA
   Lancet
   NEJM

11 (23.9)
14 (30.4)
21 (45.6)

 19 (34.6)
11 (20.0)
25 (45.5)

0.36

Centers, N (%)
   Single
   Multiple

5 (11.1)
40 (88.9)

7 (7.4)
50 (92.6)

0.52

Country, N (%)
   USA Alone
   USA and Other Countries
   Other Countries

10 (12.7)
17 (37.0)
19 (41.3)

 
7 (12.7)
32 (58.2)
16 (29.1)

0.10

Baseline Rate Derived 
From, N (%)
   Reference
   Institutional Rate
   No reference 

20 (44.4)
23 (51.1)

2 (4.4)

29 (52.7)
22 (40.0)
4 (7.3)

0.51

Presumed Change in 
Baseline Rate, N (%)
   < 30%
   > 30%

29 (63.0)
17 (37.0)

23 (41.8)
32 (58.2)

0.03

Power, N (%)
   80–89%
   90–99%

20 (46.5)
23 (53.5)

32 (59.3)
22 (40.7)

0.21

Positive trials, N (%) 28 (62.2) 37 (67.2) 0.60

Sample Needed, Median 
(IQR)

2372 (350–4000) 2378 (260–1170) 0.13

Expected Lost to  
Follow-Up %, Median (IQR)

4.10 (0–9) 4.65 (0–9) 0.77

Assess for Eligibility for Trial 16691.1 (735–5187) 10477.6 (621–6112) 0.61

   Ineligible, Median (IQR) 1537.3 (160–1656) 7013.0 (9–2264) 0.98

   Declined Participation,   
   Median (IQR)

121.5 (0–131.5) 270.1 (5–226) 0.08

   Lost to Follow-Up,  
   Median (IQR)

4.1 (0–9) 4.6 (0–9) 0.77

Table 1. Characteristics of randomized controlled trials based on accuracy of esti- 

mation of baseline primary outcome rates 

Data presented as N (%) or median (quartiles). An inaccurate estimate was defined 

if the prevalence of the primary outcome was below the assumed rate in the trial.
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