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Abstract 

Purpose 

In pharmacoepidemiological studies, the precision of effect estimates usually depends on the lowest number in the 

underlying two by two table. We denote this the “bottleneck count” (BNC). We describe how to translate the BNC 

into an achievable precision and provide empirical examples.  

Methods 

First, we derive a theoretical prediction of the precision in a study where only the BNC determines precision. As an 

illustration, we calculated the expected precision of a null-effect study on retinoids and peptic ulcer bleeding, 

expressed as the upper/lower confidence limit ratio (ULCLR). Finally, we reviewed 126 effect estimates from the 

literature, analyzing the relationship between the predicted and achieved precision.  

Results 

The log-log transformed ULCLR was shown to be a simple linear function of log(BNC) 

The expected annual number of retinoid-users experiencing a peptic ulcer bleeding was 9.8, yielding an estimated 

ULCLR for a one-year study of 3.84.  

The literature review showed an inverse linear relationship between the logarithmic BNC and the log-log 

transformed ULCLR, which was largely independent of study design, effect measure and category of BNC. Achieved 

precision deviated little from predictions but was usually lower than predicted, particularly with low BNC.  

Conclusion 

The precision of a study can be predicted simply and with good accuracy from the BNC, which is useful for 

determining whether a study is worth pursuing or not. 
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Background 

Assessing the magnitude of a dataset required to perform a pharmacoepidemiological study is an integral part of 

study planning. In a traditional power-calculation, assumptions about prevalence of treatment and strength of 

association leads to a sample size required to fulfill a prespecified desired probability of achieving statistical 

significance (1). While this has become the default approach for randomized trials, there is a growing consensus that 

significance testing should be abandoned for observational studies (2,3), and assessing the ability to produce a 

statistically significant results thus seems somewhat inconsistent in such observational studies.. Second, in the setting 

of pharmacoepidemiological studies based on healthcare registers, the size of the data material is often given, with 

little or no possibility of increasing the data material according to the results of a power calculation. The question is 

rarely “how many do I need to recruit”, but more often “what can I achieve with what I have”. Third, 

pharmacoepidemiological studies often aim to refute poorly founded suspicions of adverse drug effects, i.e., to 

demonstrate a null association as precisely as possible rather than to achieve statistical significance. Therefore, the 

quantity of interest is not the statistical power but the expected precision, e.g. quantified as the width of the 

confidence interval of the effect estimate. Predicting statistical precision and statistical power are sometimes used 

interchangeably. However, while power (likelihood of achieving a statistically significant result) is a function of effect 

size and precision, precision is unrelated to effect size 

Under most circumstances, the achieved precision depends strongly on the lowest number in the underlying 2 by 2 

table. Accordingly, we term the smallest number the “bottleneck count” (BNC) and an endeavor to estimate it a 

“bottleneck analysis”. The outcome of such a bottleneck analysis is an indication of whether a planned study is 

worth pursuing or should be abandoned on the basis of insufficient precision.  

In a given source population, it is usually possible to sample more untreated (with or without outcomes) than treated 

in a cohort study, at least if the proportion of treated is not too high (<33%). Thereby the untreated : treated ratio 

can be elevated above 1:1. In a conventional case-control study using risk-set or incidence density sampling, it is 

nearly always possible to sample more controls (treated or not) than cases. It is, however, rarely possible to increase 

the number of treated having an outcome by changing the sampling strategy. Hence, treated subjects with the 

outcome is usually the limiting parameter for the achievable statistical precision in an efficiently designed study.  
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In this paper, we demonstrate how one can assess the achievable precision of a planned pharmacoepidemiological 

study by estimating the BNC under the null hypothesis. In addition, we review a number of published 

pharmacoepidemiologic cause-effect studies and establish the relationship between the precision estimated from the 

bottleneck count and the actually achieved precision 

 

Methods and results 

We first review how the bottleneck count is related to the standard error of odds ratios and relative risks, when they 

are estimated from 2 x 2 tables. We then give an example of how the established relationship can be used to assess 

the precision of a planned registry-based study on the association between systemic retinoids and upper 

gastrointestinal bleeding (an assumed null association), based on published or publicly available data on treatment 

and outcomes in Denmark. Finally, we review cause-effect studies published in Pharmacoepidemiology and Drug 

Safety in 2015-2018 in order to identify the bottleneck count and compare predicted and achieved precision. 

 

Precision of planned case-control study on the association between use of systemic retinoids and upper 

gastrointestinal bleeding (UGIB). 

According to Cornfield (4), an approximate confidence interval for the crude odds ratio in a 2 x 2 table (whether it is 

from a case-control or a simple cohort study) can be calculated from observing that the log(OR) has a standard error 

given by: 

(1) 

𝑠𝑒(log(𝑂𝑅)) = √
1

𝑎
+

1

𝑏
+

1

𝑐
+

1

𝑑
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where a, b, c, and d are obtained from a conventional 2 x 2 table of number of individuals classified according to the 

binary treatment and the binary outcome: 
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 Outcome 

+ - 

Treatment + a b 

- c d 

 

Based on the estimated standard error the confidence limits are then computed on the log-scale using the standard 

normal approximation and finally back-transformed to the original odds ratio scale. 

As is evident from Cornfield’s equation, the precision depends on the figures a, b, c and d, and if just one of them is 

small compared to the others, then that smaller count will largely determine the size of the standard error. If for 

example 𝑎 = 5 and 𝑏, 𝑐 and 𝑑 are all equal to 100, then the standard error is √0.23 = 0.48, which is very close to 

the square root of a in itself, i.e. √1/𝑎 = √0.2 = 0.45. When the difference in magnitude between a vs the 

remaining cells increases, this approximation by √1/𝑎 improves.  

When a 2 x 2 table is instead analyzed by computation of a relative risk, its standard error on the log-scale is similar: 

(2) 

𝑠𝑒(log(𝑅𝑅)) = √
1

𝑎
−

1

𝑎 + 𝑏
+

1

𝑐
−

1

𝑐 + 𝑑
 

In the example above with 𝑎 = 5 and with 𝑏, 𝑐 and 𝑑 all equal to 100, this standard error becomes √0.20 = 0.44, 

which is even closer to the value of √1/𝑎 = 0.45. For both standard errors, their values come closer to √1/𝑎 with 

larger values b, c and d. 

The above derivation shows how we can link the bottleneck count 𝑎 to the uncertainty estimate of an odds ratio or a 

relative risk when we do not adjust for covariates. In almost all applications, the formulas above show that the 

precision predicted from the bottleneck count will be an optimal precision for the unadjusted association. This is 
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always the case for the OR, but is also true for the RR, whenever there are fewer patients experiencing the outcome 

than not. When the odds ratio or relative risk is estimated with adjustment for covariates, there is no universal closed 

form expression for the standard as it is estimated based on optimizing the log-likelihood by numerical iteration. It is 

however known that for logistic regression the precision of the adjusted OR is lower than for the crude OR (5), 

whereas there is no general rule for binary regression with a log-link (estimation of RR) or Cox-regression (5).  

As a measure of statistical precision in all analyses, we use the upper/lower confidence limit ratio (ULCLR) of the 

effect estimate (whether it is odds ratio, hazard ratio, incidence rate ratio or relative risk). This is equivalent to 

considering the magnitude of the standard error on the log scale for these relative measures. Following our 

derivation above, we assumed that the highest achievable precision (i.e. the lowest ULCLR) for a planned study 

would be equivalent to the ULCLR of an observed count of 𝑎, which corresponds to the likelihood-based standard 

error of a rate based on 𝑎 events. 

If the bottleneck count is assumed to be the only factor contributing to the 𝑠𝑒( 𝑙𝑜𝑔 (𝑂𝑅) ) (formula (1) above), 

then the expected confidence interval for the OR is given by 

(3) 

95% 𝐶𝐼(𝑂𝑅) = (𝑂𝑅 ⋅ 𝑒𝑥𝑝 (−
1.96

√𝑎
) ;  𝑂𝑅 ⋅ 𝑒𝑥𝑝 (

1.96

√𝑎
) ) 

A similar expression would apply for the confidence interval of a relative risk, cf. formula (2) above. When we divide 

the two limits to obtain the ULCLR, we find that it can be directly expressed as a linear function of the logarithmic 

bottleneck count: 

(4) 

log(log(𝑈𝐿𝐶𝐿𝑅𝑎𝑝𝑝𝑟𝑜𝑥)) = log( 2) + log(1.96) −
1

2
log (𝑎) 

 

Example of using the bottleneck count when planning a study. 
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In our first application, we used this linear relationship (equation 3) to predict the ULCLR for a planned study on the 

association between systemic retinoids and upper GI bleeding, based on Danish registry data, assuming this to be a 

null association. To do so, we used two data sources; a published paper on the association between NSAIDs and 

upper gastrointestinal (GI) bleeding (6), and www.medstat.dk (7) , a public data source on drug use in Denmark. 

From the paper by Hallas et al (6), we retrieved data on the incidence rate of upper GI bleeding by sex and age in 

five-year categories. From MEDSTAT, we retrieved the annual count of users of systemic retinoids use. MEDSTAT 

provides sex- and age-specific counts by either one-year categories or certain age categories predefined by 

MEDSTAT. We transformed the MEDSTAT counts of users by sex and one-year categories into sex and five-year 

categories simply by summation of the counts for consecutive one-year groups. We based all calculations on drug 

utilization data for the year 2016. 

For a person categorized as having redeemed a prescription for systemic retinoids in 2016, we assumed that the 

person was a user for the entire year and calculated the person’s one-year cumulative risk of a having an upper GI 

bleeding using the incidence rates from Hallas et al (6). The counts of users and the incidence rate of upper GI 

bleeding by sex and five-year age categories are shown in table 1, together with the expected count of treated 

subjects with outcomes in each age- and sex category. Based on these tabulations, we calculated the total expected 

number of treated outcomes for 2016 by summation across all sex- and age-categories.  

 

Empirical evaluation of the bottleneck count as predictor of achievable study precision. 

We examined how close studies published during 2015-2018 in Pharmacoepidemiology and Drug Safety came to 

realizing the optimally achievable precision as predicted from the reported bottleneck count. Thus, for each of the 

selected papers, we computed the actually achieved ULCLR, and we recorded the bottleneck count. Only papers 

testing a hypothesis regarding a clinical drug effect were included, and only main results for each paper were 

incorporated in the analysis. We also required that the paper allowed us to identify all counts included in the 2 x 2 

table for the main results. The results are shown in eTable 1. 

http://www.medstat.dk/
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Following the formula for the linear relationship (equation 4) we first computed the predicted ULCLR from the 

reported bottleneck count, and we then log-log transformed the observed ULCLR for each study and plotted it 

against the logarithmic bottleneck count together with the predicted ULCLR. We used linear regression to quantify 

the observed relationship and we compared the estimated linear association with the theoretical one derived in the 

formula 4.  

In the analysis of the empirical association, we estimated the association between logarithmic bottleneck count and 

log(log(ULCLR)) with and without adjustment for the type of association measure (odds ratio or other (hazard ratio, 

relative risk, relative prevalence)), study design (cohort or case-control study) and category of bottleneck count 

(exposed with outcome, unexposed with outcome, exposed without outcome or unexposed without outcome), We 

used a Bland-Altman approach (8) to investigate how the difference in log(log(ULCLR)) between predicted and 

observed value varied with the corresponding average of the two. To aid planning of future studies, we computed 

the theoretical prediction of ULCLR for typical sizes of the bottleneck count and the corresponding 95% confidence 

limits for a null estimate of the association. For comparison, we computed the same measures from the simple 

model for the empirical association without adjustment. 

 

Results 

The age- and sex-specific incidence rate of UGIB and the age- and sex-specific one-year count of retinoid users are 

presented in table 1. As shown, retinoids are primarily used by the young and the incidence rate of UGIB rises 

steeply with age. The sum of age- and sex-specific bottleneck counts for one year is 9.77, corresponding to a 

predicted ULCLR of 3.83 for one year of data, corresponding to a null estimate of 1.00 (CI: 0.48-1.84). For five and 

ten years of data, assuming similar outcome and treatment frequencies, a predicted ULCLR of 1.79 and 1.50 is 

found, corresponding to null-results of 1.00 (CI: 0.74 -1.32) and 1.00 (CI: 0.81 - 1.22), respectively. 

The review of 126 estimates from 57 publications from PDS is shown in eTable 1 and depicted graphically in figure 

1. The bottleneck count was the treated outcomes in 84 analyses (67%), untreated outcomes in 32 analyses (25%) 

and others in 10 (8%).   
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As expected from the theoretical derivation, we found a linear association the log-log transformed observed ULCLR 

and the corresponding log-transformed Bottleneck count (Figure 1). The theoretical association predicted lower 

values of the ULCLR than the best fitting linear relation, reflecting that the theoretical association ignores the 

uncertainty stemming from sources other than the bottleneck count.  11 studies (8.7%) had an achieved precision, 

which was better than the predicted precision. The achieved ULCLR was in general estimated to be between 5.5% 

(Bottleneck count of 1) and 70% (Bottleneck count of 4,559) higher than the ULCLR with theoretical optimal 

precision (Figure 2). 

When we estimated the univariate relation between the observed log-log transformed observed ULCLR and the 

corresponding log-transformed Bottleneck count, we estimated a slope of -0.46 (-0.48; -0.43). After incorporating the 

type of association measure, type of study design and type of Bottleneck count, the slope was virtually unchanged, -

0.46 (-0.48; -0.44) (Table 2), but the estimated residual variation decreased to a root Mean Square Error of 0.244 vs 

0.267 (8.6% reduction). We found that studies using OR in general had a lower precision (larger ULCLR), which is in 

agreement with the difference in the formulas for the se(log OR) and se(log RR) for 2 by 2 tables. A few estimates 

(n=11, 8.7%) achieved a better precision than what was predicted from the bottleneck count, and in particular one 

estimate appeared to be an outlier (Figure 1). These estimates have been marked with an asterisk in E-table 1. 

Since the estimated relationship is difficult to visualize intuitively, we present the consequences of the estimated 

relationship in Table 3 for selected bottleneck counts. When we compared the predicted precision as measured by 

the ULCLR to the corresponding observed values, we found an improving agreement with increasing sample size 

(Table 3). For small bottleneck counts of 5, the empirical ULCLR was estimated to be 26% larger than the 

theoretical optimal ULCLR of 5.77, decreasing to 6% for a bottleneck count of 1,000. 
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Discussion 

We demonstrated how it is possible to obtain an estimate of the achievable precision in a planned observational 

study. Our review of published papers showed that in general the achieved precision was in good agreement with the 

prediction based on the bottleneck count alone. Other authors have presented methods to predict precision, based 

on assumptions about treatment prevalence and expected ORs, often based on knowledge obtained from pilot 

studies (9). Our approach is simpler and does not require available data beyond the population’s drug treatment and 

incidence rates for the outcome. 

There are a few assumptions that should be discussed. First, in the retinoid example we considered a subject treated 

for a whole year, if that person was observed as a user within a calendar year. Retinoids should be taken long-term. 

According to medstat.dk statistics, the crude one-year prevalence of use was 2.90 per 1000 in 2018, which should be 

contrasted to a therapeutic intensity of 1.0 defined daily doses used per 1000 inhabitants per day (6). These figures 

suggest that, on the average, a retinoid user is only treated for about one third of the time within a calendar year if we 

assume a daily intake of one defined daily dose. However, if there are good reasons to assume short-term use, our 

calculations can easily accommodate that, for example by lowering the prevalence figures.  

Another assumption is that there are no other weighty sources of imprecision than the bottleneck count. This usually 

requires a sampling ratio different from 1:1. If, for example, a simple 1:1 propensity score matching is employed in a 

cohort study and the HR is close to 1, then the untreated patients with an outcome will be as numerous as treated 

subjects with an outcome and will contribute as much to the imprecision. Under such circumstances, precision can 

be improved by including more untreated, e.g. by using a matching ratio of 4:1. It is also conceivable that other 

aspects of the design and analysis could contribute to imprecision, for example by using multiple, correlated control 

samplings or using multivariable modelling. In such cases, there is no simple analytic expression for the standard 

error of the effect estimate. However, the good agreement between predicted and actual precision in our literature 

review suggests that our simple equation is both valid and optimal for most purposes.    

For some drug-outcome associations, we might under- or over-estimate the bottleneck count from population data. 

In the retinoids – UGIB example, retinoids are mainly used by young women, and UGIB mainly occurs in older 
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men. Failure to account for age and sex, i.e., using crude utilization figures and incidence rates, would thus have led 

us to seriously overestimate the bottleneck count. It is conceivable that our example might have other confounders 

which we could have incorporated in our bottleneck estimate if we had sufficiently detailed data on the incidence 

rate of outcome and the prevalence of drug utilization in subgroups. 

Our analysis or published papers showed a few estimates (n=11, 8.7%) being more precise than what was predicted 

from the bottleneck count, and a single outlier having substantially better precision. For estimates of relative risks, 

we showed in our thought experiment in the Methods section that it was possible to achieve a better precision than 

predicted by our theoretical equation. However, of the 11 such studies, only 5 used a hazard ratio or relative risk as 

their association measure. For the remaining 6 studies using odds ratios achieving superior precision, we currently 

cannot determine how, and we note that this conflicts with theoretical results (5). 

If the actual effect measure deviates substantially from the null value, then the achieved precision will deviate from 

the expected precision as well, since actual bottleneck counts will differ from predictions. Effect measures below one 

will lead to an over-estimated precision, whereas values above one will lead to an under-estimated precision. If a 

certain effect measure is expected, it can easily be incorporated in the predictions, for example an incidence rate ratio 

of 2 will correspond to a doubling of the bottleneck count of treated outcomes. Of note, this reservation is not 

relevant for the comparison between predicted and achieved precision in E-table 1 and figure 1, as this is based on 

the actual, observed bottleneck counts and not predicted ones.  

In conclusion, it is possible to estimate the precision-limiting count of subjects in a planned non-experimental study 

and to translate that into an optimal achievable precision. A review of estimates in the literature showed good 

agreement between predicted and observed precision. It should be noted, however, that these precision estimates 

require that the design is optimal and that only the bottleneck count contributes substantially to imprecision.  
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Table 1 

Assessment of precision in a hypothetical study on the association between systemic retinoids and upper 

gastrointestinal bleeding. The data on count of users were from MEDSTAT.dk for the calendar year 2016. 

Sex Age 
group 

Count of 
retinoid 

users 

Incidence rate of 
upper gastrointestinal 

bleeding 
(/ 1000 personyears) 

Expected count of 
treated outcomes 
during one year 

F 0 – 4 0 0.00 0.00 
M 0 – 4 0 0.00 0.00 

F 5 – 9 <5 0.00 0.00 

M 5 – 9 <5 0.00 0.00 
F 10 - 14 592 0.00 0.00 
M 10 - 14 396 0.00 0.00 
F 15 - 19 2587 0.00 0.00 
M 15 - 19 3093 0.00 0.00 
F 20 - 24 2500 0.26 0.64 
M 20 - 24 1313 0.24 0.32 
F 25 - 29 1542 0.06 0.09 
M 25 - 29 515 0.63 0.32 
F 30 - 34 713 0.11 0.08 
M 30 - 34 277 1.03 0.29 
F 35 - 39 540 0.51 0.27 
M 35 - 39 173 0.96 0.17 
F 40 - 44 461 1.51 0.70 
M 40 - 44 153 3.00 0.46 
F 45 - 49 277 1.40 0.39 
M 45 - 49 138 2.80 0.39 
F 50 - 54 111 2.81 0.31 
M 50 - 54 109 5.07 0.55 
F 55 - 59 54 3.63 0.20 
M 55 - 59 96 7.52 0.72 
F 60 - 64 24 4.46 0.11 
M 60 - 64 50 10.37 0.52 
F 65 - 69 23 8.13 0.19 
M 65 - 69 71 13.69 0.97 
F 70 - 74 17 12.96 0.22 
M 70 - 74 38 21.82 0.83 
F 75 - 79 12 19.87 0.24 
M 75 - 79 16 29.86 0.48 
F 80 - 84 0 28.18 0.00 
M 80 - 84 8 41.83 0.33 
F 85 - 89 0 42.66 0.00 
M 85 - 89 0 52.40 0.00 
F 90 - 94 0 29.51 0.00 
M 90 - 94 0 70.74 0.00 
F 95 - 99 0 38.17 0.00 
M 95 - 99 0 101.48 0.00 

SUM 9.77 
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Table 2: Linear regression of the log-transformed bottleneck count and the corresponding log-log transformed 

observed ULCLR, adjusted for the type of association measure, study design and category of bottleneck count in 126 

effect estimates from 57 publications. The model had a root MSE of 0.244. 

 

Explanatory variable Category Simple model 
Coefficient 
(95% Confidence 
Interval) 

Full model 
Coefficient 
(95% Confidence 
Interval) 

log(BNC)   -0.46 (-0.48; -0.43) -0.46 (-0.48; -0.44) 

Study design Cohort (Ref) - 0.00 (Ref) 

  Case-Control - 0.02 (-0.10; 0.14) 

Type of BNC Exposed without  
outcomes 

- 0.28 (0.03; 0.53) 

  Exposed with outcomes 
(Ref) 

- 0.00 (Ref) 

  Unexposed without 
outcomes 

- -0.29 (-0.50; -0.08) 

  Unexposed with outcomes - 0.09 (-0.02; 0.19) 

Type of association 
measure 

OR (Ref) - 0.00 (Ref) 

  Non OR - -0.15 (-0.27; -0.04) 

Intercept   1.42 (1.30; 1.54) 1.51 (1.36; 1.65) 
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Table 3 

Relationship between bottleneck count and predicted precision in a null result. 

 
Bottleneck 
count 

Theoretical optimum, 
prediction based on equation 
(3) 

Prediction based on simple 
empirical model in table 2 

Relative increase in 
empirical ULCLR over 
theoretical optimum 

95% CI 
(null estimate) 

ULCLR 95% CI  
(null estimate) 

ULCLR  

5 (0.42; 2.40) 5.77 (0.37; 2.70) 7.27 1.26 
10 (0.54; 1.86) 3.45 (0.49; 2.06) 4.25 1.23 
20 (0.65; 1.55) 2.40 (0.59; 1.69) 2.87 1.20 
50 (0.76; 1.32) 1.74 (0.71; 1.42) 2.00 1.15 
100 (0.82; 1.22) 1.48 (0.78; 1.29) 1.66 1.12 
200 (0.87; 1.15) 1.32 (0.83; 1.20) 1.45 1.10 
500 (0.92; 1.09) 1.19 (0.89; 1.13) 1.28 1.07 
1000 (0.94; 1.06) 1.13 (0.92; 1.09) 1.19 1.06 
 

ULCLR: ratio between upper and lower confidence limit. 
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E-Table 1. Agreement between expected and achieved precision for cause-effect papers published in 

Pharmacoepidemiology and Drug Safety 2015-2018.  The bottleneck count is the number limiting the achievable 

statistical precision. 

 

Pubmed 
ID 

Author Exposure Outcome Design Bottleneck 
parameter 

Bottleneck 
count 

Main result Measure 

25683504 Abbas 2015 Spironolactone Hyperkalemia CC Unexposed 
with 
outcomes 

398 13.59 (11.63 - 
15.88)  

OR 

25683909 Ali 2015 Montelukast  Neuropsychiatric 
events  

CC Exposed 
with 
outcomes 

492 1.01 (0.88 - 1.14) OR 

25656984 Antoniou 
2015 

Valproic acid  Hospital admission or 
emergency department 
visit for a COPD 
exacerbation  

C Exposed 
with 
outcomes 

175 1.00 (0.79 - 1.26)  HR 

26095209 Badillo 2015 Statin Gastrointestinal 
hemorrhage 

C Exposed 
with 
outcomes 

866 1.0 (0.91 - 1.11) OR  

28370857 Bakhriansyah 
2017 

NSAID + PPI Peptic ulcer bleeding  CC Exposed 
with 
outcomes 

775 0.79 (0.68 - 0.92)  OR 

    COX - 2 - PPI Peptic ulcer bleeding CC Exposed 
with 
outcomes 

179 0.66 (0.48 - 0.89)  OR 

    COX - 2 + PPI Peptic ulcer bleeding CC Exposed 
with 
outcomes 

81 0.51 (0.35 - 0.73)  OR 

29171096 Bally 2018 Celecoxib 
200mg/day 

Myocardial infarction CC Exposed 
with 
outcomes 

660 1.16 (1.10 - 1.22) * OR 

    Diclofenac 
150mg/day 

Myocardial infarction CC Exposed 
with 
outcomes 

172 1.59 (1.38 - 1.84) * OR 

    Ibuprofen 
1200mg/day 

Myocardial infarction CC Exposed 
with 
outcomes 

32 1.42 (1.17 - 1.74) * OR 

    Naproxen 
750mg/day 

Myocardial infarction CC Exposed 
with 
outcomes 

114 1.38 (1.21 - 1.58) * OR 

    Rofecoxib 25/mg Myocardial infarction CC Exposed 
with 
outcomes 

703 1.54 (1.43 - 1.66) OR 

25683615 Bellet 2015 Aripiprazole  Major malformations  C Exposed 
with 
outcomes 

2 2.30 (0.32 - 16.7)  OR 

26513406 Bérard 2015 Azithromycin Major congenital 
malformations  

C Exposed 
with 
outcomes 

120 1.19 (0.98 - 1.44) RR 

    Erythromycin  Major congenital 
malformations  

C Exposed 
with 
outcomes 

66 0.96 (0.74 - 1.24)  RR 

  

    Clarithromycin  Major congenital 
malformations  

C Exposed 
with 
outcomes 

79 1.12 (0.99 - 1.42) *  RR 

  

28544026 Bolbrinker 
2017 

Immobilisation 
prior to HIT 

Thromboembolic 
complications 

CC Unexposed 
with 
outcomes 

3 4.6 (1.2 - 18.0)  OR 

26013675 Bosetti 2015 Insulin Hepatocellular 
carcinoma  

CC Exposed 
with 
outcomes 

50 3.73 (2.52 - 5.51)  OR 

    Metformin Hepatocellular 
carcinoma  

CC Unexposed 
with 
outcomes 

82 0.57 (0.41 - 0.79)  OR 

    Sulfonylureas  Hepatocellular 
carcinoma  

CC Unexposed 
with 
outcomes 

54 1.39 (0.98 - 1.99)  OR 
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    Repaglinide Hepatocellular 
carcinoma 

CC Exposed 
with 
outcomes 

33 2.12 (1.38 - 3.26) OR 

 

7384764 Boursi 2016 Diltiazem Death CC Unexposed 
with 
outcomes 

12 0.81 (0.44 - 1.50) HR 

    Verapamil Death CC Unexposed 
with 
outcomes 

3 1.27 (0.40 - 4.02) HR 

    Amiodarone Death CC Unexposed 
with 
outcomes 

4 6.94 (2.56 - 18.81) HR 

    Digoxin Death CC Unexposed 
with 
outcomes 

8 1.50 (0.74 - 3.04) HR 

25808540 Boursi 2015 Penicillins > 10 
courses 

Colorectal cancer CC Exposed 
with 
outcomes 

913 1.20 (1.11 - 1.31)  OR 

27686457 Brassard 
2017 

Statins Hosp. for infuluenza 
or pneumonia or 
death 

C Exposed 
with 
outcomes 

178 0.73 (0.59 - 0.89)  OR  

27038354 Brauer 2016 Antibiotics -  Definite ALI (acute 
liver injury) 

C Exposed 
with 
outcomes 

46 10.04 (6.97 - 14.47) RR 

CPRD 

     - BIFAP Definite ALI (acute 
liver injury) 

C Exposed 
with 
outcomes 

23 5.76 (3.46 - 9.59)  RR 

     - CPRD Definite ALI (acute 
liver injury) 

CC Exposed 
with 
outcomes 

59 5.7 (3.46 - 9.36) OR 

     - BIFAP Definite ALI (acute 
liver injury) 

CC Exposed 
with 
outcomes 

20 2.6 (1.26 - 5.37) OR 

28594145 Cantarutti 
2017 

Antidepressants Low apgar C Exposed 
with 
outcomes 

31  1.56 (0.97 - 2.53) PR  

    

      Intrauterine asphyxia 
and birth Asphyxia  

c Exposed 
with 
outcomes 

113 1.37 (1.08 - 1.73) PR 

      Small for gestational 
age 

C Exposed 
with 
outcomes 

  1.00 (0.87 - 1.15) PR 

292 

      Neonatal convulsion C Exposed 
without 
outcomes 

7 2.81 (1.07 - 7.36) PR 

      Other respiratory 
condition 

C Exposed 
with 
outcomes 

136 1.24 (1.00 - 1.52) PR 

28758274 Carman 2017 Eternacept 
+chronic 
inflammatory 
arthritis (cIA) 

Major congenital C Exposed 
with 
outcomes 

10 1.03 (0.51 - 2.10) OR 

malformations 

    Eternacept 
+psoriasis (PsO) 

major congenital C Exposed 
with 
outcomes 

1 0.39 (0.05 - 2.98) OR 

malformations 

27221971 Chang 2016 Metformin lactic acidosis C Exposed 
with 
outcomes 

7 0.92 (0.33 - 2.55) HR 

25851403 Chang 2015 DPP4 vs 
Sulfonylurea 

Acute pancreatitis C Exposed 
with 
outcomes 

8 0.36 (0.17 - 0.75) HR 

    DPP4 vs 
Metformin  

Acute pancreatitis C Exposed 
with 
outcomes 

8 0.67 (0.32 - 1.41) HR 

    Metformin vs 
Sulfonylurea 

Acute pancreatitis C Exposed 
without 
outcome 

125 0.53 (0.37 - 0.76) HR 

27133538 Collette 2016 Antiplatelet vs 
untreated 

Major bleeding C Unexposed 
without 
outcomes 

7 5.52 (3.11 - 9.80) * HR 

    Anticoagulation Major bleeding C Unexposed 7 4.15 (3.46 - 4.99) * HR 
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vs untreated without 
outcomes 

    Anticoagulation 
+ Antiplatelet vs 
untreated 

Major bleeding C Unexposed 
without 
outcomes 

7 5.59 (2.62 - 11.91) HR 

28771890 Dathe 2017 Metamizole Major birth defects C Exposed 
with 
outcomes 

7 1.15 (0.4 - 3.5) OR 

    Metamizole Spontaneous 
abortions 

C Exposed 
with 
outcomes 

32 0.72 (0.5 - 1.1) HR 

    Metamizole Elective terminations 
of pregnancy 

C Exposed 
with 
outcomes 

45 1.48 (0.98 - 2.2) HR 

26183226 Driessen 
2015 

DPP4 - Is  Any fracture  CC Exposed 
with 
outcomes 

219 0.97 (0.79 - 1.18) OR 

  

28168780 Engeland 
2017 

Extremely 
preterm birth 

Attention - 
deficit/hyperactivity 

C Exposed 
with 
outcomes 

4 5.8 (2.2 - 15) * RR 

disorder (ADHD) 
medication 

26547662 Floyd 2016 SU vs never use Myocardial infarction CC Exposed 
without 
outcomes 

98 1.67 (1.10 - 2.55)  OR 

  

    SU vs never use Stroke CC Exposed 
with 
outcomes 

60 1.22 (0.74 - 2.00)  OR 

    Metformin vs 
never use 

Myocardial infarction CC Exposed 
with 
outcomes 

83 0.85 (0.55 - 1.30) OR 

    Metformin vs 
never use 

Stroke CC Exposed 
with 
outcomes 

40 0.54 (0.32 - 0.95) OR 

29108128 Gagne 2018 Extended - 
Release Niacin vs 
fenofibrate 

Major gastrointestinal 
bleeding  

CC Exposed 
with 
outcomes 

400 0.98 (0.82 - 1.18)  HR 

    Extended - 
Release Niacin vs 
fenofibrate 

Intracranial 
hemorrhage  

CC Exposed 
with 
outcomes 

45 1.21 (0.66 - 2.22) HR 

27868275 Giner - 
Soriano 2017 

VKA  Stroke C Unexposed 
with 
outcomes 

131 0.72 (0.58 - 0.91)  HR 

    Antiplatelets Digestive bleeding  C Unexposed 
with 
outcomes 

85 1.32 (1.01 - 1.73  HR 

    VKA All - cause mortality C Exposed 
with 
outcomes 

633 0.55 (0.49 - 0.62)  HR 

    Antiplatelets All - cause mortality C Unexposed 
with 
outcomes 

739 0.89 (0.80 - 0.97)  HR 

27921360 González - 
Pérez 2017 

ASA - continuer 
vs non user 

All - cause mortality C Exposed 
with 
outcomes 

10 0.98 (0.48 - 1.99)  HR 

    ASA - 
discontinuer vs 
non user 

All - cause mortality C Exposed 
with 
outcomes 

35 1.75 (1.12 - 2.72)  HR 

28052554 Grimaldi - 
Bensouda 
2017 

Anti-epileptic 
drug  

Suicide attempt CC Exposed 
with 
outcomes 

56 1.51 (0.94 - 2.40)  OR 

  

26183333 Hamood 
2015 

Aspirin 
(nonadherence) 

Mortality C unexposed 
with 
outcomes 

391 1.28 (1.11 - 1.47)  HR 

     Beta - blocker 
(nonadherence) 

Mortality C unexposed 
with 
outcomes 

397 0.99 (0.86 - 1.14)  HR 

    ACEI/ARB 
(nonadherence) 

Mortality C unexposed 
with 
outcomes 

393 1.11 (0.96 - 1.29)  HR 

     Statin  Mortality C unexposed 
with 

378 1.36 (1.18 - 1.57)  HR 

 (nonadherence) 
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outcomes 

26599424 Hansen 2016 trimethoprim - 
sulfonamide VS 
comparator 
antibact 

Cardiovascular - 
congenital anomalies 

C Exposed 
with 
outcomes 

109 0.94 (0.71 - 1.23)  OR 

      Cleft lip/palate  C Unexposed 
with 
outcomes 

5 0.83 (0.18 - 3.88)  OR 

 - congenital anomalies 

      Clubfoot - congenital 
anomalies 

C Unexposed 
with 
outcomes 

11 1.58 (0.71 - 3.50)  OR 

      Urinary system  C Unexposed 
with 
outcomes 

51 1.08 (0.70 - 1.65)  OR 

 - congenital anomalies 

26017274 Hicks 2015 Clopidogrel vs 
non - user 

Colorectal cancer C Exposed 
with 
outcomes 

72 0.98 (0.77 - 1.24)  HR 

    Clopidogrel vs 
non - user 

Breast cancer C Exposed 
with 
outcomes 

46 1.22 (0.90 - 1.65)  HR 

    Clopidogrel vs 
non - user 

Prostate cancer C Exposed 
with 
outcomes 

91 1.03 (0.82 - 1.28)  HR 

28620909 Ho 2017 Pregabalin  Heart failure C Unexposed 
with 
outcomes 

113 0.77 (0.58 - 1.03)  HR 

27146482 Karasneh 
2016 

Digoxin All - cause mortality C Exposed 
with 
outcomes 

120 1.13 (0.93 - 1.37)  HR 

26822968 Kirchmayer 
2016 

Tiotropium 
compared7 with 
LABA - ITT 

Mortality C Exposed 
with 
outcomes 

1173 1.00 (0.93 - 1.08)  HR 

    Tiotropium 
compared with 
LABA - as treated 

Mortality C Exposed 
with 
outcomes 

409 1.06 (0.94 - 1.20)  HR 

26132313 Kowall 2015 Metformin vs 
sulfonylurea  

Any cancer CC  Unexposed 
with 
outcomes 

1579 1.05 (0.99 - 1.12)  HR 

    Metformin vs 
sulfonylurea  

Colorectal CC  Unexposed 
with 
outcomes 

150 1.05 (0.85 - 1.30)  HR 

    Metformin vs 
sulfonylurea  

Lung CC  Unexposed 
with 
outcomes 

127 1.04 (0.82 - 1.31)  HR 

    Metformin vs 
sulfonylurea  

Breast CC  Unexposed 
with 
outcomes 

115 1.03 (0.81 - 1.30)  HR 

    Metformin vs 
sulfonylurea  

Prostate cancer CC  Unexposed 
with 
outcomes 

176 0.89 (0.73 - 1.08)  HR 

29210149 Lai 2018 Interferon - 
ribavirin  

Retinopathy  C Unexposed 
with 
outcomes 

72 1.53 (1.14 - 2.06) HR 

26521982 Lee 2016 Cyclosporine Hypertension CC Exposed 
without 
outcomes 

3 7.13 (1.85 - 27.49) OR 

    NSAIDs Hypertension CC Unexposed 
with 
outcomes 

549 2.2 (1.95 - 2.49) OR 

   Glucocorticoids Hypertension CC Exposed 
with 
outcomes 

419 1.42 (1.23 - 1.64)  OR 

28856767 Lee 2017 nAMD  Stroke C Exposed 
with 
outcomes 

74 1.30 (1.01 - 1.68)  HR 

26748833 Leon 2016 Bevacizumab  Disease progression in 
patients with non - 
small - cell lung cancer  

C Exposed 
with 
outcomes 

351 0.75 (0.65 - 0.86) HR 

29108130 Leonard 2018 Glyburide Serious hypoglycemia C Unexposed 
with 
outcomes 

1557 3.95 (3.66 - 4.26) HR 



21 
 

    Glimepiride Serious hypoglycemia C Exposed 
with 
outcomes 

714 3.28 (2.98 - 3.62)  HR 

    Glipizide Serious hypoglycemia C Unexposed 
with 
outcomes 

1557 2.57 (2.38 - 2.78)  HR 

    Repaglinide  Serious hypoglycemia C Exposed 
with 
outcomes 

100 2.03 (1.64 - 2.52)  HR 

    Nateglinide Serious hypoglycemia C Exposed 
with 
outcomes 

42 1.21 (0.89 - 1.66) HR 

    Rosiglitazone Serious hypoglycemia C Exposed 
with 
outcomes 

158 0.90 (0.75 - 1.07) HR 

    Pioglitazone Serious hypoglycemia C Exposed 
with 
outcomes 

212 0.80 (0.68 - 0.93) HR 

26799147 Lin 2016 Hypnotics Arteriovenous fistula 
failure  

CC Exposed 
with 
outcomes 

762 1.21 (1.09 - 1.35) OR 

≤30 days 

26676925 Liu 2016 Coffee drinker Asthma in the 
offspring 

C Unexposed 
with 
outcomes 

3563 0.94 (0.90 - 0.99) HR 

    Acetaminophen 
use 

Asthma in the 
offspring 

C Unexposed 
with 
outcomes 

1470 1.17 (1.09 - 1.26) HR 

28815791 Lupattelli 
2017 

SSRI (mid 
pregnancy 
exposure) 

Mild preeclampsia C Exposed 
with 
outcomes 

7 0.76 (0.38 - 1.53) * RR 

    SSRI (mid 
pregnancy 
exposure) 

Mild preeclampsia C Exposed 
with 
outcomes 

7 1.56 (0.71 - 3.44)  RR 

27477111 Mao 2016 SSRI Epilepsy C Exposed 
with 
outcomes 

111 1.27 (1.05 - 1.54) HR 

28176447 McGrogan 
2017 

Statins Pregnancy loss C Exposed 
with 
outcomes 

71 1.64 (1.10 - 2.46) HR 

26445931 Mehta 2015 Risperidone Pneumonia C Exposed 
with 
outcomes 

4559 1.14 (1.10 - 1.18) HR 

  Olanzapine  Pneumonia C Exposed 
with 
outcomes 

1539 1.10 (1.04 - 1.17) HR 

  Aripiprazole  Pneumonia C Exposed 
with 
outcomes 

585 0.92 (0.84 - 1.00) HR 

  Ziprasidone  Pneumonia C Exposed 
with 
outcomes 

125 0.97 (0.81 - 1.16) HR 

29141273 Momen 2018 Antidepressant  Cancer among the 
children of exposed 
mothers. 

C Exposed 
with 
outcomes 

28 1.03 (0.63 - 1.68) HR 

27215827 Nakafero 
2016 

Benzodiazepine  Influenza - like 
illnessrelated 

C Exposed 
with 
outcomes 

10 4.24 (2.27 - 7.95) HR 

pneumonia  

    Benzodiazepine  Mortality C Exposed 
with 
outcomes 

55 20.69 (15.54 - 
27.54) 

HR 

26013409 Nakafero 
2015 

Benzodiazepine  asthma exacerbation C Exposed 
with 
outcomes 

97 1.49 (1.15 - 1.93) OR 

    Benzodiazepine  All - cause mortality C Exposed 
with 
outcomes 

6 2.78 (1.26 - 6.12) * OR 

25111895 Nielsen 2015 Valproic acid Multiple sclerosis C Exposed 
with 
outcomes 

4 1.30 (0.44 - 3.80)  HR 

26100105 Requena 
2016 

BIFAP Hip/femur fractures C  Unexposed 
with 

1119 1.34 (1.23 - 1.47) HR 

benzodiazepines 
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outcomes 

    CPRD Hip/femur fractures C  Exposed 
with 
outcomes 

1408 1.66 (1.55 - 1.78) HR 

benzodiazepines 

    MONDRIAAN Hip/femur fractures C  Exposed 
with 
outcomes 

50 2.22 (1.55 - 3.19) HR 

benzodiazepines 

    BIFAP Hip/femur fractures CC Unexposed 
with 
outcomes 

1119 1.28 (1.16 - 1.42)  OR 

benzodiazepines 

    CPRD Hip/femur fractures CC Exposed 
with 
outcomes 

2389 1.60 (1.49 - 1.72) OR 

benzodiazepines 

    MONDRIAAN Hip/femur fractures CC Exposed 
with 
outcomes 

48 1.48 (0.89 - 2.48) OR 

benzodiazepines 

27004714 Scherrer 2016 Codein vs 
hydrocodone 

Depression C Exposed 
with 
outcomes 

379 1.27 (1.12 - 1.43)  HR 

27296864 Smolina 2016 Domperidone Ventricular arrhythmia 
in 

C Exposed 
with 
outcomes 

6 2.25 (0.84 - 6.01) HR 

the postpartum period 

25808613 Sohn 2015 Atypical 
antipsychotic 

Type II diabetes C Exposed 
with 
outcomes 

27 2.18 (1.45 - 3.29)  HR 

27297005 Spoendlin 
2016 

Bisphosphonate 
(short term) and 
glucocorticoid  

Tendon rupture  CC Unexposed 
without 
outcome 

32 6.42 (4.03 - 10.22)  OR 

    Bisphosphonate 
and predisone 
(continous) 

Tendon rupture  CC Unexposed 
without 
outcome 

12 2.46 (1.00 - 6.03) OR 

27464823 Stewart 2016 Nevirapine  Severe skin reaction  CC Unexposed 
with 
outcomes 

27 7.6 (3.7 - 15.7)  OR 

 

26448559 Turgeon 
2015 

Ticagrelor Bradycardia CC Exposed 
with 
outcomes 

8 1.06 (0.65 - 2.21) * OR 

26817783 Wemmelund 
2016 

ACE - inhibitor  Abdominal aortic 
aneurysm  

CC Exposed 
with 
outcomes 

514 0.96 (0.85 - 1.07) OR 

    ARB  Abdominal aortic 
aneurysm  

CC Exposed 
with 
outcomes 

230 0.93 (0.79 - 1.09)  OR 

27211481 Zhang 2016 SSRI EDSS - 6 CC Unexposed 
without 
outcome 

53 1.44 (1.03 - 2.01)  OR 

multiple sclerosis 

 

*) estimate is more precise than predicted from the bottleneck count 

Abbreviations: 

CC Case-control 

C Cohort 

OR Odds ratio 

HR hazard ratio  
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Figure 1. 

Empirical relationship between bottleneck count (BNC) and observed upper/lower confidence limit ratio (ULCLR) 

in 126 effect estimates from 57 publications in Pharmacoepidemiology and Drug Safety 2015-2018. 
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Figure 2: Relationship between the predicted ULCLR and the bottleneck count in the simple empirical model with 

the bottleneck count as the only predictor. 
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