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Abstract

Background—Although observational evidence has suggested that the measurement of CAC 

may improve risk stratification for cardiovascular events and thus help guide the use of lipid-

lowering therapy, this contention has not been evaluated within the context of a randomized trial. 

The Value of Imaging in Enhancing the Wellness of Your Heart (VIEW) trial is proposed as a 

randomized study in participants at low intermediate risk of future coronary heart disease (CHD) 

events to evaluate whether coronary artery calcium (CAC) testing leads to improved patient 

outcomes.

Purpose—To describe the challenges encountered in designing a prototypical screening trial and 

to examine the impact of uncertainty on power.

Methods—The VIEW trial was designed as an effectiveness clinical trial to examine the benefit 

of CAC testing to guide therapy on a primary outcome consisting of a composite of non-fatal 

myocardial infarction, probable or definite angina with revascularization, resuscitated cardiac 

arrest, non-fatal stroke (not transient ischemic attack (TIA)), CHD death, stroke death, other 

atherosclerotic death, or other cardiovascular disease (CVD) death. Many critical choices were 

faced in designing the trial, including: (1) the choice of primary outcome, (2) the choice of 

therapy, (3) the target population with corresponding ethical issues, (4) specifications of 
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assumptions for sample size calculations, and (5) impact of uncertainty in these assumptions on 

power/sample size determination.

Results—We have proposed a sample size of 30,000 (800 events) which provides 92.7% power. 

Alternatively, sample sizes of 20,228 (539 events), 23,138 (617 events) and 27,078 (722 events) 

provide 80, 85, and 90% power. We have also allowed for uncertainty in our assumptions by 

computing average power integrated over specified prior distributions. This relaxation of 

specificity indicates a reduction in power, dropping to 89.9% (95% confidence interval (CI): 89.8 

to 89.9) for a sample size of 30,000. Samples sizes of 20,228, 23,138, and 27,078 provide power 

of 78.0% (77.9 to 78.0), 82.5% (82.5 to 82.6), and 87.2% (87.2 to 87.3), respectively.

Limitations—These power estimates are dependent on form and parameters of the prior 

distributions.

Conclusions—Despite the pressing need for a randomized trial to evaluate the utility of CAC 

testing, conduct of such a trial requires recruiting a large patient population, making efficiency of 

critical importance. The large sample size is primarily due to targeting a study population at 

relatively low risk of a CVD event. Our calculations also illustrate the importance of formally 

considering uncertainty in power calculations of large trials as standard power calculations may 

tend to overestimate power.
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1 Background and Rationale for the Study

Cardiovascular disease (CVD) remains the leading cause of death and a major cause of 

disability in the US population and worldwide, despite advances in the treatment of risk 

factors for CVD. This public health burden is related, in part, to difficulties in identifying 

persons at sufficiently high risk of a CVD event as to warrant therapy with lipid-lowering or 

hypertension medications. Lifestyle changes are recommended at all risk levels. Many 

persons who experience CVD events are classified as being at low risk by current 

approaches to risk assessment, such as the Framingham risk score (FRS) for CHD, that are 

based on risk factor levels measured in clinical settings [1]. Over the past decade, significant 

interest has developed regarding the role of non-invasive measures of subclinical 

atherosclerosis in the identification of high risk individuals. A substantial body of 

observational evidence supports the contention that assessment of coronary artery calcium 

(CAC) using computed tomography (CT) is very effective in identifying individuals at high 

and low risk for a CVD event [2, 3, 4, 5, 6]. However, there are no data from randomized 

trials demonstrating whether a strategy that includes assessment of CAC might lead to 

different lipid management decisions resulting in better patient outcomes. Several authors 

have noted the pressing need for definitive data based on randomized trials in order to 

establish the net public health impact of procedures like CAC testing[7, 8, 9].

Given this need for a randomized trial of CVD risk management strategies incorporating 

CAC assessments, the primary goal of this paper is to discuss the many challenges faced in 
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designing such an endeavor. Here we present the proposed design of the Value of Imaging 

in Enhancing the Wellness of Your Heart (VIEW) trial. Although VIEW is not yet funded, 

we view it as a prototype of a screening trial. Much of our discussion focuses on study scale 

and efficiency, as VIEW intends to target a population at low-risk of CVD events who 

would otherwise not be recommended for lipid-lowering therapy. Specifically, we will 

discuss the definition of the target population along with associated ethical issues, the choice 

of primary outcome, and the choice of therapy. VIEW also presents a methodological 

challenge as sample size estimation involves a large number of assumptions, involving 

varying degrees of uncertainty surrounding each assumption. To evaluate the impact of this 

uncertainty, we illustrate the use of a combination Bayesian-Frequentist strategy where our 

uncertainty is translated into a full probability distribution, then calculating the average 

value of power by integrating over this distribution. Our results indicate that incorporating 

this uncertainty has important consequences on power/sample size, especially within the 

context of large-scale trials like VIEW which would involve considerable financial 

investment.

We begin with a description of the final proposed design for VIEW as many design 

decisions involve sample size/feasibility considerations. We defer a detailed discussion of 

these issues until later.

2 Proposed Design for VIEW

The primary specific aim of VIEW is to test whether a CVD risk management strategy in 

which lipid-lowering medication use is guided by CAC testing is more effective in 

preventing CVD events than usual care among persons who are otherwise at relatively low 

risk of a CHD event. As shown in Figure 1, VIEW is designed as a randomized, controlled 

trial which proposes to recruit a sample of women (≥ 55 to < 80 years old) and men (≥ 45 to 

< 70 years old) who are at moderate risk for CHD (5 to < 10% 10-year risk using the FRS 

CHD equation [1]) with a baseline LDL < 160 mg/dL. Based on data from National Health 

and Nutrition Examination Survey (NHANES) 2005–2008, we estimate that the targeted 

study population includes approximately 27 million Americans [10]. Among participants 

randomized to receive CT testing for CAC, those with a CAC score of 0 would receive no 

treatment, those with 0 < CAC ≤ 100 would receive 40 mg of atorvastatin daily, and those 

with CAC > 100 would receive 80 mg of atorvastatin daily. Atorvastatin was chosen 

because it is one of the most potent statins, has a large market share (currently the drug on 

which the US spends the most money [11], it had over 40% market share in 2006 [12]) that 

will likely increase upon becoming generic, and has a better safety profile than does 

simvastatin [13, 14]. We will also later show that using simvastatin would imply a ≈ 33% 

larger sample size, making it prohibitively expensive.

Participants randomized to no CAC testing will receive usual care, and thus will not be 

treated as part of the trial protocol. The primary outcome will be time until onset of a new 

major CVD event defined as a composite of non-fatal myocardial infarction, probable or 

definite angina with revascularization, resuscitated cardiac arrest, non-fatal stroke (not TIA), 

CHD death, stroke death, other atherosclerotic death, or other CVD death. This outcome 

definition is like the all CVD outcome used in the Multi-Ethnic Study of Atherosclerosis 
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(MESA) [15] which also included definite angina not followed by revascularization. We 

recognize that some untested participants will be treated outside of the trial and that some 

fraction of people advised to get CAC testing will not get it. The primary analysis will be 

based on the intention to treat principle. We have assumed a 2.5-year recruitment window 

with an anticipated 3.5 to 6 years of follow-up. Secondary outcomes will include the 

components of the primary composite outcome, CVD mortality, an expanded CVD endpoint 

including revascularizations and heart failure hospitalizations, health-related quality of life, 

and cost effectiveness.

3 Methods

Sample size determination for VIEW is conceptually straightforward in that it involves a 

time-to-event outcome with randomization to two study arms. Therefore power/sample size 

can be calculated as a function of the event rates in each of the study arms (testing for CAC 

vs. no testing). However, accurately estimating these quantities is complicated by evidence 

for differential CVD risk by race, FRS, CAC score, and treatment received (dosage of 

atorvastatin). Therefore the event rates within each study arm are a function of numerous 

parameters and assumptions, which we now describe in the following sections.

Many of our assumptions are based on data from MESA, which has provided much of the 

observational evidence concerning the link between CAC and cardiovascular disease [2, 4, 

5]. MESA was designed to study the prevalence, risk factors, and progression of subclinical 

cardiovascular disease in a multiethnic cohort. A detailed description of the study design and 

methods has been published previously [15]. Briefly, 6814 participants 45 to 84 years of age 

who identified themselves as white, black, Hispanic, or Chinese were recruited from 6 US 

communities from 2000 to 2002. All participants were free of clinically apparent 

cardiovascular disease at the time of recruitment.

In Section 3.1 we will describe how we combine these estimates to calculate power. We will 

also explore several alternative designs in Section 3.1.4 and perform a sensitivity analysis to 

illustrate the impact of event rates on power in Section 3.1.5.

Although we were careful to calibrate our power calculations, the large number of 

assumptions created a concern that our sample size estimates may be sensitive to any 

inherent misspecification. This was particularly the case for our assumptions concerning the 

adherence to statin therapy discussed in Section 3.1.1. The large number of parameters also 

presented a challenge in conducting a typical sensitivity analysis (considering a range of 

values for each parameter) as this would involve an extremely large number of parameter 

combinations. To formally incorporate this uncertainty into our estimates of power, we used 

a hybrid Bayesian-Frequentist approach in Section 3.2, where the uncertainty associated 

with each parameter is translated into a full probability (prior) distribution [16]. We then 

compute expected power by averaging with respect to these distributions. The concept of 

expected power has been described previously by O’Hagan et al. as assurance, or the 

‘unconditional probability that a trial will lead to a specific outcome’[17]. This idea has also 

been suggested by other authors [16, 17, 18, 19], including previous work by the first author 

within the context of observational studies where the number of individuals with the 
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exposure of interest is not known until after all participants have been recruited [20, 21]. 

Even though the conceptual idea is simple, this is quite a bit of work in practice, and we 

have never seen this used in the calculation of power for large randomized controlled trials.

In what follows, we will see that the estimated power using classical techniques for a sample 

size of 30,000 is 92.7% and, accounting for uncertainty, 89.9% (95% CI: 89.8 to 89.9). We 

propose 30,000 as our sample size to allow slighly greater margin for error in the 

misspecification of the parameters assumed.

3.1 Classical Power/Sample Size Determination

3.1.1 Assumptions

FRS scores: Recruitment for VIEW will be largely based on electronic medical records in 

order to control recruitment costs. This strategy will allow clinic staff to quickly prescreen 

large numbers of participants at very low cost. However, this screening strategy will likely 

lead to some individuals being recruited who fall outside the targeted range of FRS risk (5 to 

< 10%) at baseline. The components of the FRS include gender, age, total cholesterol, high-

density lipoprotein cholesterol (HDL), systolic blood pressure (SBP), diabetes, and smoking 

status [1]. FRS components will be available in the medical record to a varying degree. 

Gender, age, and SBP will be available on most potential participants, but many will lack a 

recent lipid panel for total and HDL cholesterol, and smoking status. Absent lipids will 

preclude recruitment, but smoking status can be confirmed at the time of contact. For 

individuals lacking smoking status in the record, FRS can be estimated assuming non-

smoking and corrected after contact. Lipids may be missing on a significant proportion of 

potentially eligible persons because screening is recommended only every 5 years for many 

in the targeted population. We do not plan to repeat blood tests or blood pressure at baseline, 

or measure these prospectively, to save costs and to make the study more closely resemble 

usual practice. While we would like to measure both, this would require additional visits that 

we cannot afford, especially for the 75% of participants who are not receiving medication 

and who will not be seen in clinic after either the baseline or CT visits.

Because of this approach, we anticipate that some participants will be above and below the 

target of 5 to < 10% risk as displayed in Table 1. This distribution reflects both errors in the 

medical records and measurement errors of the risk factors themselves. We denote the 

probability of being in FRS category i (i = 1, …, 4) as θi.

Race/Ethnicity: Based on NHANES 2005–2008 [10], 79.1% of Americans who meet the 

eligibility requirements are white, 8.7% are African-American, 7.7% are Hispanic, and 4.5% 

fall into other race/ethnicity groupings. We plan to over-recruit participants from racial/

ethnic minority groups, with an anticipated distribution as shown in Table 2. Because we 

later use MESA data stratified by race/ethnicity as pilot data, Table 2 is presented in terms 

of the categories used in MESA. This distribution assumes that 30% of participants will be 

members of racial/ethnic minority groups (African Americans, Hispanics, Native 

Americans, and Asians).
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Distribution of CAC according to FRS: Eligibility will be based on FRS, with treatment 

based on the results of CAC assessments. We have used unpublished MESA data in order to 

calculate “transition matrices” that describe the distribution of CAC according to FRS 

(similar data have been published [22]). These matrices were calculated separately by race 

and then a weighted average was calculated using the weights described above resulting in 

the transition matrix presented in Table 3. These values represent conditional probabilities of 

a given CAC category for a given FRS range and are denoted as τij. The assumed FRS 

distribution and the transition matrix results in an assumption that 0.485 of our sample will 

have a CAC score of 0, 0.299 will be > 0 to ≤ 100 and 0.215 will be > 100. That is, about 

0.515 of the group randomized to CAC testing will be expected to be prescribed 

atorvastatin.

Event Rates: CVD event rates were calculated using unpublished MESA data by race and 

FRS. As we will recruit primarily based on FRS, we believe that the event rates in MESA 

should be applicable to VIEW. Assuming an exponential distribution for survival time, the 

maximum likelihood estimate of the exponential parameter is simply the number of events 

divided by the total follow-up time. These race- and FRS-specific exponential parameters 

were then averaged (using the weights above) to calculate the rates presented in Table 4 and 

are denoted as μj.

Loss to Follow-Up: We have assumed loss to follow-up of 0.04/year (exponential parameter 

of 0.040822).

Adherence to statin therapy: Table 5 presents our assumed adherence profiles. Within the 

context of the untested group (which will not be prescribed medication by the study), we use 

the term “adherence” rather generally, as we are aggregating our expectations concerning 

both adherence to therapy as well as physician behavior in terms of statin prescription. Our 

adherence estimates for the untested group are based on Kuklina et al [23] and are denoted 

as γik. For the CAC-tested group, which will be prescribed and provided medication by the 

study if CAC > 0, adherence estimates are based on the Early Identification of Subclinical 

Atherosclerosis by Noninvasive Imaging Research (EISNER) Study [24] and are denoted as 

δjk. The adherence profiles incorporate estimates of the proportion of individuals that will 

take more or less medication than prescribed by the study. This could be because they are 

prescribed medication by a physician outside the study, because of side effects of 

atorvastatin (e.g., myalgias or liver function test abnormalities), or for other reasons. These 

parameters represent the biggest unknowns in our sample size calculation but EISNER 

suggests that adherence may be quite high in the tested group.

We have based our adherence estimates on the EISNER study because it is the largest and 

most rigorous study of CAC testing in the community. Limitations of prior studies included 

the lack of a control group, study populations that had a low prevalence of CAC>0, and the 

lack of direct measurement of risk factors. An important limitation of EISNER is that it was 

performed in a community with a relatively high socioeconomic status relative to the general 

population, which may limit its generalizability. However, there are no comparable studies.
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Hazard Ratios: The assumed hazard ratios for each dose of atorvastatin are presented in 

Table 6 and are denoted as κk. The Cholesterol Treatment Trialists’ (CTT) Collaboration 

reported a relative risk (RR) of 0.79 for a 1 mmol/L low-density lipoprotein cholesterol 

(LDL) reduction [25]. The Anglo-Scandinavian Cardiac Outcomes Trial{Lipid Lowering 

Arm (ASCOT-LLA) reported a 1.2 mmol/L reduction in LDL for 10 mg atorvastatin vs. 

placebo [26]. Treating to New Targets (TNT) reported a 0.62 mmol/L LDL reduction for 80 

vs. 10 mg atorvastatin [27]. We assumed that the LDL reductions for 20 and 40 mg would 

be midway between those for 10 and 80 mg.

3.1.2 Combining Assumptions—The final assumption is that each randomized 

participant has a probability of 0.5 of being assigned to be tested for CAC. The assumed 

proportion of the sample having any combination of FRS, CAC, and dose received can then 

be calculated using the probabilities presented in Tables 1, 3, and 5. The proportion of the 

sample not receiving testing, FRS score i, CAC score j, and dose k would be

and the proportion of the sample receiving testing, FRS score i, CAC score j, and dose k 

would be

For example, the probability of someone being randomized to not being tested, to having a 

FRS < 5%, to having a CAC score of 0, and to receiving 0 mg of atorvastatin is 0.5 × 0.0475 

× 0.540 × 0.99 = 0.0127 where terms in the product are P(not tested), P(FRS < 5%), P(CAC 

= 0|FRS < 5%), and P(0 mg dose|not tested and FRS < 5%). This is then calculated for all 

possible combinations of testing (yes/no), FRS/CAC, and adherence.

Note that the CAC score will only be known for people in the tested group. By 

randomization, the distribution of CAC scores between tested and untested groups should be 

comparable. For each combination we assume that the exponential parameter before 

consideration of the treatment effect is as given in Table 4 which is then multiplied by the 

appropriate hazard ratio κk from Table 6. The average exponential parameter for untested 

participants is thus

(1)

and, for tested participants,
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(2)

The hazard ratio can be calculated as λ1/λ0.

3.1.3 Sample Size—The sample size can now be calculated using standard techniques. 

We have used the method presented by Julious [28, Equations 15.8, 15.13, 15.16, and 15.17] 

which assumes proportional hazards but neither exponential survival nor that the hazards are 

constant over time. Details of these calculations are presented in Appendix B. We have 

assumed a two-sided test performed at α = 0.05, a 2.5 year uniform recruitment period, and 

a total trial length of six years. The exponential parameters from Equations 1 and 2 are 

0.007141 and 0.005604 (event rates of 0.712 and 0.559 %/yr) for an overall hazard ratio of 

0.785. With these assumptions, we need a sample size of 27,078 (722 events) to have 90% 

power. Alternatively, sample sizes of 20,228 (539 events), 23,138 (617 events), and 30,000 

(800 events) provide 80, 85, and 92.7% power.

3.1.4 Design Alternatives—In the design presented above, we have considered many 

design alternatives. These include the choices of outcomes, CAC categories to guide 

therapy, the extent to which individuals outside 5 to 10% FRS are targeted, and the choice of 

medication. The alternative designs, with one exception, produced larger sample sizes and 

were thus prohibitively expensive (Table 7). The calculations were similar to those 

presented above with appropriate modifications to the assumptions. The proposed design 

(row A) is included for comparison.

Limiting the study to the hard CVD outcome from MESA (by excluding revascularization 

and resuscitated cardiac arrest) [15], results in a substantial increase in the sample size (row 

B in Table 7). This estimate uses MESA data for event rates and assumes the same hazard 

ratios as for the proposed design (see Table 6). The hazard ratios for all CHD were 

calculated assuming a hazard ratio of 0.78 per 1 mmol/L [29] resulting in a slightly larger 

sample size (row C). To calculate power for the outcomes of death or any CHD (row D) and 

death or any CVD (row E) (adding all-cause mortality to the composite outcome), we used 

the CTT estimate that a 1 mmol/L LDL reduction is associated with a RR of 0.90 for all-

cause mortality [25]. We have assumed a RR of 0.84 per mmol/L LDL reduction for the 

composites of death and either any CHD or CVD which is midway between 0.78 and 0.90. 

Among MESA participants who experienced either a CHD or death from any cause, 41.4% 

suffered nonfatal CHD which would result in a weighted RR of 0.85 (= 0.414 × 0.78 + (1 − 

0.414) × 0.9) and a slightly larger sample size due to the smaller assumed effect. For CVD 

the proportion of nonfatal CVD was 0.488 with a weighted RR of 0.85.

We examined CAC cutpoints of 0/300 (row F in Table 7), 10/100 (row G), and 10/300 (row 

H) all of which resulted in sample sizes larger than the proposed design (0/100, row A). 

People with FRS scores of 10 to 20% are at greater risk for events than people with scores of 

5 to 10% and could reasonably be included in the proposed trial. However, many of these 

individuals already qualify for statin treatment and we anticipate that the next report of the 

Adult Treatment Panel (ATP IV) will broaden eligibility beyond that described in ATP III 
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[30], thus increasing the proportion of this risk category who should receive therapy 

irrespective of their CAC score. We anticipate recruiting from the 10 to 20% risk category 

for whom ATP IV does not recommend statin therapy (e.g., those with LDL < 100 mg/dL). 

This would allow us to decrease the sample size slightly: if the proportions within FRS 

categories are 0.04, 0.75, 0.2, and 0.01 (row I), then the sample sizes can be reduced 

somewhat from the proposed design.

Finally, we have examined the use of simvastatin rather than atorvastatin because 

simvastatin is currently the only generic statin. CTT reports that the Heart Protection Study 

(HPS) resulted in a 1.29 mmol/L reduction in LDL with 40 mg simvastatin as compared 

with placebo and the Study of the Effectiveness of Additional Reductions in Cholesterol and 

Homocysteine (SEARCH) demonstrated a reduction of 0.39 mmol/L when comparing 80 

mg to 20 mg simvastatin [25]. Using the RR of 0.79 from CTT as previously discussed we 

can estimate the hazard ratios (HRs) as 1, 0.791.29−0.39 ≈ 0.81, 0.791.29−0.39/2 ≈ 0.77, 

0.791.29 ≈ 0.74, and 0.791.29+0.39/2 ≈ 0.70 for 0, 10, 20, 40, and 80 mg of simvastatin. Using 

the same adherence estimates as for atorvastatin as presented in Table 5 (row J in Table 7) 

results in sample sizes considerably greater than the proposed design. If anybody who would 

receive a dose of 10 mg of simvastatin instead receives 20 mg then the sample size is 

increased yet again (row K). The Food and Drug Administration (FDA) has recently issued a 

warning against using 80 mg of simvastatin [31] so restricting to a maximum dose of 40 mg 

would only increase the sample size further.

3.1.5 Effect of Event Rates on Power—To examine the impact of the event rates on 

power, we calculated power for a variety of event rates as presented in Table 8 using the 

assumptions and techniques presented in Section 3.1.3. Power for event rates close to those 

calculated above is estimated as 0.918. As long as the difference in annual event rates is at 

least approximately 0.0015, we have power of over 0.9. We have power of over 0.8 as long 

as the true difference in annual event rates is 0.0013. If the difference is at least 0.0011, we 

have power of approximately 0.7. Similar information is presented graphically in Figure 2 

which is based on a similar figure by Spiegelhalter et al [32].

3.2 Uncertainty in Power Calculations

—As was mentioned previously, we have considered the calculation of expected power, or 

assurance, in order to account for the potential impact of uncertainty in our assumptions. 

Formally, if we let ω (which can vary over Ω) denote our full set of parameters with 

probability density function f (ω) and π (ω) denote the power for ω, then expected power 

(EP) can be calculated as

(3)

In Appendix C, we present the probability distributions chosen, as well as their calibration 

based on data from MESA and the published literature. Calculating the integral in Equation 

3 in closed formula is impractical, and so we use Monte Carlo integration to estimate EP as
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where ωi is drawn from f (ω) a total of N times [33, Chapter 5]. Likewise, the standard error 

and confidence interval can be calculated using standard techniques. In what follows, all 

estimates of EP are based on 1,000,000 Monte Carlo iterations.

With a sample size of 30,000 we estimate expected power to be 89.9% (95% CI: 89.8% 
to 89.9%): The posterior distribution of EP is presented in Figure 3. The median is 92.9% 

with a 95% equal tail interval from 62.5% to 99.3%. Samples of 20,228 and 23,138 provide 

power of 78.0% (77.9 to 78.0) and 82.5% (82.5 to 82.6). Power as a function of sample size 

can be seen in Figure 4.

4 Additional Examples

4.1 Brief Sensitivity Analysis for Prior Distributions

While we did not observe a substantial drop in power after accounting for uncertainty in our 

assumptions, many of the inputs to our power calculations reflect a sizeable degree of prior 

data. For example, we used the relative risk reduction associated with a 1 mmol/L reduction 

in LDL from the CTT (0.79, 95% CI:0.77–0.81), which is based on almost 130,000 

participants across 21 randomized trials [25]. If we were considering an intervention which 

had not been as intensively studied as statin therapy, we believe this would more clearly 

illustrate the need to routinely estimate the impact of uncertainty on power. For example, we 

considered a hypothetical scenario where we assumed less precise estimates of the HRs 

associated with a reduction in LDL (we tripled the standard error for the logarithm of the 

HR estimate from CTT). In addition, we assumed we had one-third as much information 

concerning CHD event rates by reducing the hyperparameters of the Gamma prior on each 

by a factor of 3 (see Appendix C). Assuming a sample size of 30,000 participants, we 

estimated expected power to be 87.0% (95% CI: 86.9 to 87.0), which now reflects a 5.7% 

decrease in power compared to the naive estimate of 92.7%.

4.2 Simple Example

To examine the impact of uncertainty on power for a simpler example, we investigated 

power for a more common design. We assume that the significance level (0.05), study length 

(6 years), and recruitment period (2.5 years) are fixed and specify priors for the exponential 

parameter for the event rate (Gamma(40, 10)), for the log of the HR (N(log(0.6), 0.052)), and 

for the exponential parameter for the loss rate (the same as presented in Appendix C). The 

mean exponential parameter for the event rate is 0.4 (annual rate of 0.330), the median HR is 

0.6 with the middle 95% of the distribution ranging from 0.544 to 0.662, and the mean 

annual loss is 0.04. Under these scenarios, 180 people are needed for 80% power and 242 

for 90% if we ignore the uncertainty in the event rate, HR, and the loss rate. With 1,000,000 

simulations we estimate power as 78.8% (95% CI: 78.8 to 78.8%) for 180 people and as 

88.8% (95% CI: 88.8 to 88.8%) for 242 people.
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5 Discussion

In the design of this prototype screening trial, we have used a combination of data from 

other published studies, unpublished MESA data, and recruitment targets to calculate the 

sample size required for adequate power. Although we believe that these assumptions are 

reasonable we recognize that every assumption is subject to error. To investigate the impact 

of these errors on the power of the study, we have defined prior distributions for all 

parameters and have used simulation to estimate power in the presence of this uncertainty. 

We are proposing to recruit 30,000 people which we estimate will provide power of 89.9% 

(95% CI: 89.8 to 89.9). Ignoring uncertainty in the assumptions, we would naively estimate 

power as 92.7%. While we would have high power with 27,078 participants (naively 90% 

and 87.2% accounting for uncertainty), we believe that the extra power provided by 30,000 

provides protection against unforseen problems and possible misspecification of parameters.

This sample size is as large as it is due primarily to two factors. First, this trial is being 

conducted only in people at 5 to < 10% Framingham 10-year CHD risk so the expected 

event rate is low. Second, we will only be treating with atorvastatin about half of those 

randomized to receive CAC testing and cannot, therefore, expect to see any difference in 

those who are tested but who have no coronary calcium and are not treated.

We recognize that conducting a randomized trial in 30,000 people will pose numerous 

challenges, both logistical and financial. To this end, we have made several efforts to 

simplify the study. First, we plan to work with clinical sites where most of the information 

required to calculate the FRS is collected as part of routine medical care and is retrievable in 

electronic medical records. This capability will greatly improve the efficiency of screening 

and recruitment. Second, we will have very limited data collection at baseline and at follow-

up. This will allow us to answer the primary question and have some information about 

health-related quality of life and cost effective-ness, but will limit our ability to investigate 

other secondary hypotheses. We anticipate that separately funded ancillary studies will 

allow some secondary hypotheses to be explored in subsamples. Third, we will use 

inexpensive means of event ascertainment and follow-up. Participants whose CAC is not 

measured and those whose CAC is tested but have a zero score (approximately 75% of 

participants) will not return to the research clinic after the baseline exam. Even the 

participants randomized to CAC testing and found to be positive, who are then treated with 

statins will have limited follow-up for laboratory testing and to address adherence issues. 

Instead of return clinic exams, we will use a combination of telephone, mail, and email 

contact with the participants to assess for potential events and to measure quality of life. 

Finally, we will use a centralized strategy to obtain the medical records necessary for 

adjudication.

A limitation of the current work is that we have not employed a formal elicitation 

framework in order to quantify the uncertainty implicit to our power calculations (see 

Garthwaite et al [34]). Even for the quantities heavily based on prior data, we have assumed 

that their uncertainty can be well-represented by some member of the chosen families of 

distributions. We have not explicitly evaluated this assumption, in a manner akin to the 

usual data analysis task of model selection. For quantities which relied on expert opinion, 
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such as the expected adherence to statin therapy, we have similarly assumed that the chosen 

distributions accurately reflect expert knowledge. Non-parametric elicitation approaches, 

such as those proposed by Oakley and O’Hagan [35, 36], could therefore be useful in this 

context. Despite these limitations, the distributions used in our calculations were the result 

of many hours of discussion between statisticians and content experts, and so we believe 

they represent reasonable approximations of the current state of knowledge.

Incorporation of uncertainty by averaging with respect to probability distributions does add 

a layer of complexity to the process of study design. One of the reviewers raised the concern 

that this might facilitate confusion with more clinically oriented investigators, possibly 

obscuring what is actually being assumed. In designing VIEW, we first performed classical 

power calculations which allowed us to focus on the data necessary for such calculations. 

Only then did we begin discussions about the uncertainty about these point estimates. 

Graphical displays of prior distributions such as those described in Appendix C and 

presented in Figures 5–10 were very helpful in framing the discussions which, while 

requiring some explanation, were productive and scientifically interesting.

Spiegelhalter et al [16] describe conditions under which accounting for uncertainty in the 

assumptions going into power calculations results in lower estimated power assuming a one-

sample Z-test for location, normal data, and a normal prior. As long as the prior is not a 

point mass and the classical power is greater than 50%, the expected power will be less than 

the classical power. Using their approach, we observed that power accounting for 

uncertainty was attenuated towards 50% when classical power was either above or below 

50%. We have also seen this in genetic association [20] and other observational studies [21]. 

In the current context, we have examined this. Sample sizes of 4,260, 9,900, and 17,886, 

provide classical power of 25, 50, and 75%. Using the same prior distributions used for our 

proposed sample size of 30,000, we estimated power as 25.4% (95% CI: 25.4 to 25.5%), 

50.0% (95% CI: 50.0 to 50.0%), and 73.3% (95% CI: 73.3 to 73.4%). Calculations such as 

these can also be used for monitoring during the trial much as conditional power [37] is 

frequently used. Spiegelhalter et al [32] describe this as predictive power.

Although the difference in power ignoring uncertainty (92.7%) and accounting for 

uncertainty (89.9%) is relatively small, we believe that it represents an important difference 

that should be considered when designing a study.
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A Acronyms

ASCOT-LLA Anglo-Scandinavian Cardiac Outcomes Trial–Lipid Lowering Arm 14

CAC coronary artery calcium 2

CI confidence interval 4

CT computed tomography 5

CHD coronary heart disease 2

CTT Cholesterol Treatment Trialists’ 14

CVD cardiovascular disease 2

EISNER Early Identification of Subclinical Atherosclerosis by Noninvasive Imaging Research 13

EP expected power 20

FDA Food and Drug Administration 19

FRS Framingham risk score 5

HDL high-density lipoprotein cholesterol 11

HPS Heart Protection Study 18

HR hazard ratio 18

LDL low-density lipoprotein cholesterol 14

MESA Multi-Ethnic Study of Atherosclerosis 8

NHANES National Health and Nutrition Examination Survey 7

RR relative risk 14

SEARCH Study of the Effectiveness of Additional Reductions in Cholesterol and Homocysteine 18

SBP systolic blood pressure 11

TIA transient ischemic attack 3

TNT Treating to New Targets 14

VIEW Value of Imaging in Enhancing the Wellness of Your Heart 1

B Details of Power Calculations

Once we have exponential parameters defining the event rates in the two groups (λ0 and λ1), 

the hazard ratio (HR = λ1/λ0), the loss to follow-up rate (ν), the total follow-up time (T), the 

recruitment period (R), the significance level (α) and the power (1 − β), we can calculate the 

sample size required. Conversely, we can calculate power based on the sample size and the 

other parameters.

The number of events needed per group is approximately [28, Equation 15.6]

(4)

if we assume exponential survival (and, thus, constant over time). Assuming only that the 

hazard ratio is constant over time we would need approximately
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(5)

events per group [28, Equation 15.8]. The total number of people is then calculated as [28, 

Equation 15.3]

where [28, Equations 15.16 and 15.17]

account for loss of follow-up and assume a uniform recruitment rate over R.

The sample sizes we calculate using Equation 4 exactly match those from nQuery [38] and 

come very close to those from SAS [39] which uses slightly different techniques. Using 

Equation 5 increases the sample size about 1.2% but relaxes the assumption of exponential 

survival. The calculations presented in this paper use this latter definition.

C Estimation of Expected Power

The prior distributions we chose were either based on MESA data using non-informative 

hyperpriors or centered at the values described in Section 3.1.1.

FRS Scores

A Dirichlet distribution [40, Chapter 49] was used as the prior for the distribution of FRS 

scores. The Dirichlet is a multivariate generalization of the beta distribution. We will assume 

k groups and use the Dirichlet (θ) where θ = (θ1, …, θk). If p ~ Dirichlet (θ) then E [pi|θ] = 

θi/Θ where .

We are using θ = 100 (θ1, θ2, θ3, θ4) as the prior distribution where the θi are presented in 

Table 1. The prior distributions for the components of the FRS distribution are presented in 

Figure 5. The 95% equal tail interval for the proportion of people in the 5 to < 10% group 

goes from 0.834 to 0.950.

Race

As for FRS, we have used a Dirchlet distribution with parameter

Ambrosius et al. Page 16

Clin Trials. Author manuscript; available in PMC 2015 June 20.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



which has mean equal to the distribution for the study as presented in Table 2. This prior 

distribution is plotted in Figure 6. The 95% equal tail interval for the proportion of whites 

goes from 0.671 to 0.728.

Transition Matrix

We used unpublished MESA data to calculate the transition matrix for each racial group as 

described in Section 3. We used a Dirichlet(1,1,1) as a non-informative hyperprior and 

constructed a Dirichlet prior distribution on the CAC score for each race and FRS 

combination by adding the observed cell counts to the hyperprior parameters, these are 

presented in Table 9. To draw a transition matrix, we sampled each row from the appropriate 

Dirichlet distributions to construct a transition matrix for each race. These were then 

averaged over the sampled race distribution drawn above as was done previously in Section 

3.1.1. The distribution for whites with FRS from 5 to < 10% (the largest group expected in 

the trial) is presented in Figure 7.

Event Rates

We have assumed exponential survival. That is, conditional on the parameter λ, the survivial 

time has density f (x| λ) = λe−λx. Assuming a hyperprior λ ~ Gamma (α, β), this can be 

updated using MESA data. If P there are r events and a total follow-up time of T = Σti, then 

it can be easily shown that this results in a Gamma (α + r, β + T) prior distribution for λ. We 

have chosen to use a non-informative Jeffrey’s prior [41, p53] which reduces to p(λ) ∝ λ−1, 

which is a Gamma(0, 0).

For each combination of race, FRS, and CAC score we drew from these posterior 

distributions and averaged these event rates over the FRS and race distributions as described 

in Section 3.1.1. This results in a vector of exponential parameters for each level of CAC.

Loss to Follow-Up

We assume that the parameter specifying the exponential loss to follow-up is ν ~ Gamma 

(0.040822 × 400, 1/400) which has mean 0.040822 (0.04/year) and standard deviation of 

0.0101. This distribution is plotted in Figure 8. The 95% equal tail interval for this 

distribution goes from 0.0235 to 0.0629 (annual rates from 0.0232 to 0.0609/year).

Adherence

The prior distributions for adherence as a function of FRS (for those not tested) and as a 

function of CAC (for those tested) are assumed to be Dirichlet with means 10 times the 

values presented in Table 5. The prior distributions of the proportions of people receiving 

some atorvastatin (combining all doses from 10 to 80 mg) are presented in Figure 9.
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Hazard Ratios

Specifying independent prior distributions for each hazard ratio (κk) ignores the expectation 

of a non-increasing rate of major CVD events across increasing doses of atorvastatin. This 

expectation implies an ordering of the hazard ratios, with

We assume the following functional form for the HR for a d mg dose of atorvastatin relative 

to no drug therapy, HRd = θλd where λd is the LDL reduction for dose d and θ is the RR per 

unit reduction in LDL. If we then let η = log (θ), λ10 = δ10, and λ80 = δ10 + δ80, the log HRs 

for 10 mg and 80 mg of atorvastatin can be defined as

CTT reported a relative risk of θ̂ = 0.79 (95% CI:0.77–0.81) for a 1 mmol/L reduction in 

LDL [25]. This implies η̂ = log(0.79) = −0.2357 with an approximate standard error (SE) of

where Φ−1 (x) is the inverse Gaussian cumulative distribution function.

ASCOT-LLA reported 1-year mean LDL levels of 3.45 (SD = 0.76) for the 4, 384 

participants randomized to placebo and 2.25 (SD = 0.69) for the 4, 458 participants 

randomized to 10 mg of atorvastatin [26]. This implies δ̂10 = 1.20 with an estimated SE of

The TNT trial reported average on-treatment LDL levels of 101 mg/dL and 77 mg/dL (2.612 

and 1.991 mmol/L) for 10 mg and 80 mg of atorvastatin respectively [27]. This implies δ̂
80 

= 0.62064. TNT did not report variability estimates for LDL levels at follow-up, only 

reporting a SD = 0.46548 mmol/L (18 mg/dL) at baseline for each arm. Assuming 

comparable variability in LDL levels at follow-up, then
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Putting these estimates together, LHR10 = η̂δ̂
10 = −0.2829. We can then estimate Var 

(LHR10) using a first-order delta method approximation assuming independence between η 

and δ̂
10:

Assuming that LHR10 ~ N (μ = −0.2829, σ2 = 0.01612), this implies a median of e−0.2829 = 

0.7536, with a 95% interval of (0.7300, 0.7780) and 99% interval of (0.7230, 0.7856).

Analogous calculations lead to the following estimates for 80 mg of atorvastatin:

Then assuming LHR80 ~ N (−0.4292, 0.02422), this gives a median of e−0.4292 = 0.6511 with 

a 95% interval of (0.6209, 0.6827) and 99% interval of (0.6117, 0.6929). Within the context 

of the Bayesian averaging for estimating power, at each Monte Carlo iteration we then draw 

HRs for 10 and 80 mg of atorvastatin using the above defined Gaussian densities. The HRs 

for 20 and 40 mg are deterministically computed using linear interpolation as

Table 10 displays summary characteristics of the HR prior distribution based on 1,000,000 

iterations. The prior distributions are plotted in Figure 10.
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Figure 1. 
Schematic of the VIEW design.
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Figure 2. 
Contour plot of power by event rates using the assumptions described in Section 3.1.3 for a 

sample size of 30,000. The proposed design is indicated by the ‘+’. The 45° line is included 

to guide the eye.
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Figure 3. 
Posterior distribution for power (by simulation). Power is estimated as 78.0, 82.5, 87.2, and 

89.9%.
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Figure 4. 
Power using classical methods and accounting for uncertainty (by simulation) as a function 

of sample size. The curves were created by calculating power at sample size intervals of 250 

and fitting smoothing splines to the resulting data. We used 100,000 simulations for these 

calculations accounting for uncertainty. Originally we had also included simulation 

confidence intervals but they were virtually indistinguishable from the estimated mean so 

were removed.
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Figure 5. 
Prior distribution for FRS. The prior distributions for < 5% and 10 to < 20% are the same.
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Figure 6. 
Prior distribution for race. From left to right the distributions are for Chinese, Hispanic, 

Black, and White.

Ambrosius et al. Page 25

Clin Trials. Author manuscript; available in PMC 2015 June 20.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 7. 
Prior distribution for CAC scores for whites with FRS from 5 to < 10%.
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Figure 8. 
Prior distribution for exponential parameter for loss to follow-up.
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Figure 9. 
Prior distribution for the proportions receiving any atorvastatin by FRS (not tested) and 

CAC (tested).
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Figure 10. 
Prior distribution for the hazard ratios by daily dose of atorvastatin (by simulation).
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Table 1

Assumed FRS distribution, denoted as θi.

i FRS Proportion

1 < 5% 0.0475

2 5 to < 10% 0.9000

3 10 to < 20% 0.0475

4 ≥ 20% 0.0050
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Table 2

Assumed racial/ethnic distribution (using MESA categories).

Race Proportion

White 0.70

Chinese 0.05

Black 0.15

Hispanic 0.10
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Table 3

Calculated transition matrix representing the distribution of CAC by FRS, denoted as τij.

i FRS for CHD

CAC Score

0 > 0 to ≤ 100 > 100

j = 1 j = 2 j = 3

1 < 5% 0.540 0.252 0.208

2 5 to < 10% 0.492 0.302 0.206

3 10 to < 20% 0.331 0.298 0.371

4 ≥ 20% 0.152 0.261 0.587

Weighted average 0.485 0.299 0.215
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Table 4

Assumed event rates by CAC score. The exponential parameters are denoted as μj.

j CAC Score Exponential Parameter Proportion/Year Proportion/10 Years

1 0 0.003053 0.003048 0.030068

2 > 0 to ≤ 100 0.007477 0.007449 0.072042

3 > 100 0.016722 0.016583 0.153986
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Table 6

Assumed hazard ratios by atorvastatin daily dose, denoted as κk.

k Dose HR

1 0 mg 1

2 10 mg 0.791.2 ≈ 0.75

3 20 mg 0.791.2+0.62/3 ≈0.72

4 40 mg 0.791.2+0.62×2/3 ≈0.68

5 80 mg 0.791.2+0.62 ≈0.65
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Table 7

Sample sizes required for alternative designs using classical power calculations.

Study Design

Sample Size by Power

80% 85% 90%

A: Proposed design 20,228 23,138 27,078

B: Hard CVD 42,834 48,998 57,342

C: All CHD 22,026 25,196 29,488

D: Death or any CHD 30,764 35,190 41,184

E: Death or any CVD 26,856 30,722 35,954

F: CAC cutpoints 0/300 21,760 24,892 29,130

G: CAC cutpoints 10/100 23,972 27,420 32,090

H: CAC cutpoints 10/300 25,966 29,702 34,760

I: FRS of 0.04/0.75/0.2/0.01 19,076 21,820 25,536

J: Simvastatin 27,448 31,398 36,744

K: Simvastatin with min 10 mg 27,880 31,892 37,324
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Table 9

Prior distributions for transition matrices by race.

Race FRS for CHD

CAC Score

0 > 0 to ≤ 100 > 100

White < 5% 266 134 123

White 5 to < 10% 331 233 176

White 10 to < 20% 154 170 245

White ≥ 20% 30 54 168

Chinese < 5% 79 32 26

Chinese 5 to < 10% 109 75 33

Chinese 10 to < 20% 72 55 39

Chinese ≥ 20% 17 35 27

Black < 5% 161 67 40

Black 5 to < 10% 303 125 66

Black 10 to < 20% 179 102 84

Black ≥ 20% 40 55 61

Hispanic < 5% 110 43 22

Hispanic 5 to < 10% 227 99 45

Hispanic 10 to < 20% 161 106 80

Hispanic ≥ 20% 30 51 58
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