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A B S T R A C T   

Cluster-randomized trials (CRTs) are increasingly common in pragmatic trials of interventions for older adults, 
where staff of existing clinics or service agencies deliver interventions. The Adult Day Service (ADS) Plus 
intervention is delivered by trained staff at adult day service facilities to assist older adults with cognitive im-
pairments and their family caregivers. Because sizable imbalances on important site characteristics might emerge 
from a simple randomization, we implemented a 3-stage constrained randomization approach to limit imbalance 
between intervention and usual care control conditions on 5 site characteristics: capacity; % of minority clients; 
% of clients with dementia; urban, rural or suburban location; and private or public ownership. In stage 1, the 
Balance Match Weighted (BMW) re-randomization procedure was used to assign 30 sites to ADS Plus or control 
arms based on the best randomization out of 20 total randomizations for minimizing site imbalance. In stage 2, 
propensity scores from the BMW logistic regression analysis for reserve sites were used to determine substitutions 
for randomized sites that opted out of the CRT prior to implementation. In stage 3, a minimization approach was 
used to add 20 more sites to the trial. A standardized metric based on the half-normal distribution of the absolute 
value of mean differences was used to assess site imbalance. After stage 3, the remaining imbalance for the 49 
enrolled sites was reduced by 75% from what would have been expected from a simple randomization. Opti-
mized randomization procedures with similar imbalance metrics should be used more routinely in pragmatic 
CRTs.   

1. Introduction 

Cluster-randomized trials (CRTs) allocate existing structural sites (e. 
g., hospitals, clinics, residential facilities) or social units to intervention 
or control conditions. CRT designs are increasingly common, particu-
larly in pragmatic trials where site staff are trained to deliver in-
terventions to groups of eligible patients or clients. In many CRTs, the 
number of sites or clusters to be randomized is relatively small, which 
can lead to important imbalances between intervention and control 
conditions on site-related characteristics [1–3]. Imbalance on either site 
or individual participant covariates can result in substantial bias when 
estimating treatment effects [4]. For this reason, many investigators 
implement optimized randomization procedures to reduce imbalances 
on key site characteristics in CRTs. 

In this report, we describe the implementation of multiple optimized 
randomization procedures to minimize and control site characteristic 
imbalance in the Adult Day Service (ADS) Plus CRT. ADS Plus is an 
intervention delivered at adult day service facilities for older adults with 
dementia and other serious impairments. An important goal of adult day 
services is to provide respite to family members from caregiving re-
sponsibilities [5,6], and ADS Plus augments these services by providing 
caregivers with additional support, education, and care management 
skills [7,8]. The ADS Plus CRT is a pragmatic trial that uses a hybrid 
design [9] to test intervention effectiveness and implementation chal-
lenges. The goals and methods of the ADS Plus CRT have been described 
in detail previously [10]. In this paper, we carefully describe the 
implementation of the randomization procedures that were used. 

The original study design called for 30 ADS sites from across the 

Abbreviations: ADS, Adult Day Service; AVDM, Absolute Value of the Standardized Difference in the Mean; BMW, Balance Match Weighted; CRT, Cluster-Ran-
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country to participate in the trial with an average of 10 participants 
enrolled at each site. A 1:1 site allocation plan was proposed, with 1/2 of 
the sites’ staff receiving training to deliver the ADS Plus program and 1/ 
2 serving as usual care control sites. An important goal was to control 
possible imbalance between randomized sites on 5 important site 
characteristics: ownership type (public vs. private); location (urban, 
suburban, or rural); site size or client capacity; % of clients who were 
White, non-Hispanic; and % of clients with a dementia diagnosis. 

Optimized random allocation procedures for controlling site imbal-
ance in CRTs can be categorized into four general types: matching, 
stratification, minimization, and covariate-constrained randomization 
[1]. Covariate-constrained randomization comprises a category of 
different approaches that share the following features: 1) Site data on 
key site characteristics are available to investigators before randomi-
zation occurs; 2) multiple random assignments of these sites to inter-
vention conditions are conducted; 3) the degree of imbalance on the 
selected site covariates after each randomization is examined; and 4) an 
optimal or acceptable random assignment is selected from the multiple 
randomizations examined. Because multiple possible randomizations 
are evaluated by design, these approaches are sometimes referred to as 
re-randomization [11]. Specific covariate-constrained re-randomization 
approaches include methods developed by Moulton [12] and the Bal-
ance Match Weighted (BMW) approach designed by Xu and Kalbfleisch 
[13]. In the ADS Plus CRT, a combination of BMW and minimization 
procedures were implemented sequentially to control site imbalance on 
the site characteristics while still maintaining the experimental rigor or 
a randomized trial design. 

2. Methods 

2.1. Site recruitment and selection 

Initially, 73 ADS sites expressed an interest in participating in the 
trial. The director of each site was contacted and basic descriptive data 
about the sites were systematically collected. This included information 
on the site size or client capacity, the race/ethnicity of site clients, the 
proportion of site clients with a dementia diagnosis, the location of the 
site (urban, suburban, or rural), and whether the site was privately or 
publicly owned. Of the 73 interested sites, 44 were deemed eligible to 
participate (e.g., of sufficient size, with adequate staff). 

The original randomization protocol called for 30 sites to be included 
in this CRT, with 15 sites randomly assigned to the ADS Plus condition 
and 15 sites serving as usual care control sites. Among the 44 eligible 
sites, 11 were specifically selected to be included in the trial based on 
goals to include certain under-represented site types (e.g., suburban 
location, publicly-owned). Of the remaining 33 eligible sites, 19 were 
randomly selected by the study biostatistician to be included in the 
original random allocation using a random number generator provided 
by the SAS system. The remaining 14 sites were held in reserve. 

It was specified before the trial began that acceptable balance was 
desired on 5 site characteristics (site capacity; % of minority clients; % of 
clients with dementia; urban, rural or suburban location; and private or 
public ownership). Because location had 3 levels (urban, suburban, or 
rural), this characteristic was represented by two dummy-coded vari-
ables, with urban as the reference. Consequently, a total of 6 balancing 
variables were used in the analyses. All analyses were conducted using 
version 9.4 of the SAS statistical software package [14]. 

2.2. Measuring imbalance across site characteristics 

When considering different optimized randomization approaches for 
CRTs, suitable metrics of covariate imbalance and conventional bench-
marks on what is considered to be acceptable balance would be useful 
[15]. Raab and Butcher [16] proposed a balance criterion (B) that 
consisted of a weighted sum of squared mean differences for site vari-
ables. They showed that B was positively skewed but offered little other 

information on its statistical properties or reasonable thresholds for 
controlling imbalance. Consistent with previous recommendations [16], 
the weights used in the present study consisted of the inverse of the 
variance of the difference in means for each variable. Specifically, B was 
calculated as follows: 

B=
∑k

i=1
wi(x0i − x1i)

2  

where k denotes the number of site-level variables to be balanced and wi 
is a pre-specified weight for the ith site-level variable. 

An alternative to B is a recently developed standardized criterion for 
imbalance (H) that is based on the half-normal distribution of the ab-
solute value of the standardized mean differences between intervention 
and control arms on the site covariates [17]. Briefly, when the absolute 
value of a normally distributed variable with a mean of 0 (such as a 
difference in means) is taken, the normal distribution is folded at that 
population mean (μ = 0) and the absolute value is distributed as the 
positively-skewed, half-normal distribution [18,19]. In calculating H, 
the observed mean difference between sites (intervention – control) for 
each randomization is obtained and standardized (M = 0, S = 1) for each 
characteristic on which balance is desired. Next, the absolute values of 
those standardized mean differences (AVDM) are determined. For any 
one site characteristic, under the half-normal distribution the expected 
value of AVDM is 0.80 and its variance is 0.36. When the mean of the 
AVDMs is calculated across k different balancing covariates for each 
randomization, the central limit theorem dictates that this quantity (H) 
begins to approach the normal distribution with a mean 0.80 and a 
variance of 0.36/k (as k becomes large). 

H, therefore, was calculated as follows. 

H =
1
k

∑k

i=1

1
SDMi

|x0i − x1i|

where SDMi is the standard deviation of the difference in means for the ith 
site-level variable. H should approximate 0.80 for any simple random-
ization, and the extent to which a randomization results in an H less than 
0.80 will reflect the degree of reduced imbalance or improved balance 
achieved by that randomization. With k = 6 in the ADS Plus CRT, the 
variance and standard deviation of H are expected to be 0.06 and 0.24, 
respectively. 

2.3. Site enrollment in the ADS plus CRT 

Sites were enrolled and assigned to the ADS Plus or control condi-
tions across three distinct stages in the trial. These stages are described 
in detail below. A visual summary of the sites enrolled and maintained at 
each stage is displayed in Fig. 1. 

2.4. BMW randomization (stage 1) 

The BMW approach [13] was used to assign the original 30 sites to 
ADS Plus or control conditions. This approach involves conducting a 
pre-specified number of randomizations, calculating propensity scores 
of intervention assignment as a function of the covariates to be balanced, 
matching intervention and control sites on those propensity scores, and 
then selecting the one randomization that minimizes the propensity 
score differences of the matched sites. Unlike many other 
covariate-constrained re-randomization approaches that conduct either 
all or many possible randomizations and then randomly select one from 
a subset of randomizations with acceptably low imbalance [e.g., 12], the 
BMW approach typically specifics fewer possible randomizations a priori 
and then selects the optimal one from those examined. In the ADS Plus 
trial, we conducted 20 different simple randomizations of the 30 initial 
sites into 15 treatment and 15 control condition sites. Because there are 
over 77 million possible unique allocations of 15 sites to each 
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intervention arm, the 20 randomizations conducted constitutes only 
0.0000003 of all possible allocations. For each of these 20 randomiza-
tions, the following steps were executed:  

1. Using a binary logistic regression model, the actual intervention 
assignment (ADS Plus vs. usual care) was regressed on the 6 
balancing covariates. 

2. For each randomized site, the propensity score for ADS Plus assign-
ment was calculated based on that site’s scores on the balancing 
covariates and the weights from the logistic regression model.  

3. Intervention and control sites were then matched on these propensity 
scores as closely as possible, allowing up to two sites in one treatment 
arm to be matched to any single site in the other treatment arm.  

4. The overall difference in propensity scores was calculated across the 
matched sites. 

The parameters of this method (e.g., number of randomizations, up 
to 2:1 matching of sites by propensity scores) were specified a priori. The 
randomization that resulted in the smallest overall difference in pro-
pensity scores was selected as the optimal randomization from among 
the 20 randomizations examined. Although decisions were made based 
on propensity score differences, both B [16] and H [17] were also 
examined as imbalance criteria. 

2.5. Substitution (stage 2) 

The 44 initially eligible sites expressed a willingness to participate in 
the trial several months before funding was secured and site randomi-
zation began. Due to changes in site leadership and other organizational 
factors, some sites (n = 7) withdrew after the BMW randomization but 
before any staff training procedures were implemented or individual 
participants were enrolled. This included 5 sites assigned to ADS Plus 
and 2 sites assigned to the usual care control condition. 

For the 14 sites that were held in reserve after the BMW 

randomization, the propensity scores for ADS plus assignment were 
calculated based on the logistic regression equation from the optimal 
BMW randomization. For each sequential site that withdrew, the reserve 
site with the closest propensity score to that of the withdrawing site was 
selected and substituted for that withdrawing site. The imbalance 
criteria B and H were re-calculated after each such substitution to track 
the control of site imbalance. 

2.6. Minimization (stage 3) 

After over a year of participant recruitment within randomized sites, 
it became clear that several sites were having difficulty enrolling up to 
10 participants. One ADS Plus site had failed to enroll any participants 
and became the 8th site to withdraw from the trial. This led senior in-
vestigators to recruit additional sites for possible inclusion in the trial in 
order to make timely progress toward the original goal of enrolling 300 
individual participants in the trial. A total of 28 new sites communicated 
a willingness to participate in the ADS Plus CRT, and 20 of these sites 
were deemed to be eligible. 

Site information was obtained from these 20 new sites, and those 
sites were then randomly ordered by the study statistician using a SAS 
random number generator. Next, for each sequential site on this 
randomly ordered list, we calculated the H metric that would result if 
the site was assigned to the ADS Plus condition or to the control con-
dition. The site was then assigned to that condition which resulted in the 
lower H metric. Because sites assigned to ADS Plus appeared to be more 
likely to drop out, the investigators decided to continue this minimiza-
tion selection process until 12 sites had been assigned to the ADS Plus 
condition and 8 sites assigned to the control condition. 

Fig. 1. Assignment and retention of sites across the three stages of the ADS plus cluster-randomized trial.  
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3. Results 

3.1. BMW randomization (stage 1) 

Descriptive data on the site balancing covariates for the 30 sites 
randomized in stage 1 are presented in Table 1. Descriptive data from 
the optimal BMW randomization are also presented in Table 1. Based on 
the half-normal distribution, the mean (across the 20 BMW randomi-
zations) of the AVDMs for each balancing variable should be approxi-
mately equal to its expected value of 0.80 and the SD of this mean 
(across the 20 BMW randomizations) should be 0.13 (SQRT(0.36)/SQRT 
(20)). As the 3rd column of Table 1 indicates, 4 of the 6 AVDMs are 
within 1 SD of 0.80, and the overall mean of these means (0.82) is also 
within the sampling distribution of the expected mean of 0.80. 

Descriptive information for the optimal BMW randomization is also 
summarized in Table 1, and the imbalance metrics observed for each of 
the 20 randomizations that were conducted as part of the BMW 
approach are presented in Table 2. The 13th randomization was chosen 
to be the optimal randomization based on the lowest difference in 
matched site propensity scores. The results in Table 1 indicate that the 
AVDM for each balancing variable from this optimal randomization was 
below the expected value of that metric of 0.80 for a typical simple 
randomization. Because the half-normal distribution is not symmetric, 
the median is not equal to the mean and has an expected value of 0.67 
[17]. As indicated in Table 1, 5 of the 6 balancing variables have AVDMs 
from the optimal BMW randomization that were also below the expected 
value for the median. For the % of clients with a dementia diagnosis, the 
AVDM was 0.79, which is above the expected value for the median and 
corresponds to the 57th percentile. 

The H metric is the overall mean of the AVDMs across the 6 balancing 
covariates for each randomization [17]. For the optimal randomization, 
H = 0.34, a value that is 1.92 SDs below the expected mean given by the 
half-normal distribution and at the 3rd percentile. It also represents a 
58% improvement in balance achieved between the expected balance 
from a single, simple randomization (0.80) and perfect covariate bal-
ance (0.00). The percentile for the H metric reported in Table 2 is based 
on the theoretical distribution of H when k = 6.1 Although the optimal 
randomization was chosen based on the lowest difference in matched 
site propensity scores from the BMW method, Table 2 indicates that the 
same choice of would have been made based on picking the randomi-
zation with the lowest B or H. Correlational analyses indicated that the 
propensity score difference, B, and H were all highly inter-correlated (r’s 
range from 0.69 (propensity diff with B) to 0.96 (B with H)). 

3.2. Site withdrawals and substitutions (stage 2) 

Table 3 reports the results of the site-by-site substitutions as part of 
stage 2. Both imbalance metrics (B and H) showed steady increases as 
these substitutions progressed. The final H of 0.72 after 7 BMW 
propensity-score based substitutions was still better than the benchmark 
of 0.80 from a single, simple randomization, but much of the balancing 
advantages of the BMW approach were found to dissipate after these site 
substitutions. 

3.3. Sites added by minimization (stage 3) 

Table 4 reports the results on the site imbalance metrics B and H after 
the 20 new sites were randomly ordered and then assigned based on the 

minimization method. As expected and by design, H decreased 
sequentially, as did B. The final H of 0.20 is 2.50 SDs below the expected 
mean of 0.80 and at the 1st percentile. With an expected imbalance of 
0.80 from a simple randomization, H = 0.20 represents a 75% reduction 
in actual imbalance on the site characteristics. 

At the conclusion of the 3-stage site allocation process, 32 sites had 
been assigned to ADS Plus and 25 to control. All assignments had a 
random component and no site was preferentially positioned for 
assignment to either intervention condition. Six sites assigned to ADS 
Plus and two sites assigned to control dropped out before enrolling any 
participants, resulting in 26 retained ADS Plus sites and 23 control sites. 
However, before many of the stage 3 sites could be trained and partic-
ipants enrolled, the COVID-19 pandemic struck. Most ADS sites sus-
pended their on-site activities and participant enrollment into the ADS 
Plus CRT was suspended as well. At this point in March of 2020, we had 
32 active sites that had enrolled participants at that time. Table 5 pre-
sents descriptive data on the site characteristics of the 49 retained sites 
and on subset of 32 active sites. All AVDM’s for individual balancing 
covariates are substantially smaller than 0.80 for the 49 retained sites. 
For the 32 active sites, the AVDM for race approaches the H = 0.80 
benchmark and the AVDM for % of clients with a dementia diagnosis 
actually exceeds this benchmark, indicating some imbalance on that site 
characteristic that is, fortunately, still not statistically significant. 
Overall, the H of 0.53 (14th percentile) for the active sites indicated 
adequate control of site imbalance across the site characteristics 
collectively. 

4. Discussion 

This paper illustrates the random allocation methods that were used 
in the pragmatic, hybrid CRT for the ADS Plus intervention. We origi-
nally chose the BMW method [13] to minimize site imbalance on 5 site 
characteristics by selecting the best of 20 simple randomizations of 30 
original sites to 15 ADS Plus and 15 control sites. Although the 
propensity-score differences of matched sites was the criterion for 
identifying the optimal randomization, the same choice would have 
been made had either B [16] or H [17] been used. Thus, some of the 
steps of the BMW approach (calculating propensity scores from logistic 
regression, matching individual sites on those propensity scores) could 
have been avoided had we just proceeded with using either of these 
other imbalance metrics. Although the BMW propensity scores were also 
used in stage 2 when we selected substitute sites for those who with-
drew, the H metric indicated that some degree of imbalance returned as 
this substitution process continued. After seven such site substitutions, H 
approached the 0.80 expected value from just one simple 
randomization. 

After 20 additional sites were added using a minimization method 
based on H, excellent balance between intervention conditions on site 
characteristics was re-established. Site imbalance across all site char-
acteristics was generally controlled for the 32 active sites, although 
some non-significant imbalance is present for the proportion of site 
clients who have a diagnosis of dementia. Our goal throughout this 
pragmatic trial was to maintain the experimental rigor of randomization 
while also minimizing random imbalance between ADS Plus and contols 
sites on several important site characteristics. We had to adapt to mul-
tiple site withdrawals after our original randomization but before 
intervention implementation and incorporate procedures that allowed 
us to add additional sites after the original randomization. Sites dropped 
out for multiple reasons including changes in administration and re-
sources. Such changes can be expected in pragmatic trails involving 
community-based programs, especially when several months if not years 
pass between site recruitment for a grant submission and subsequent 
funding of the project. The end result was the identification of 49 
retained sites, including 32 sites that were fully trained and actively 
enrolling participants before the suspension of new enrollments due to 
the COVID-19 pandemic. 

1 Because k = 6 may not be considered sufficiently large, we ran a simulation 
with 10,000 trials for the initial 30-site randomization and determined an 
empirical standard deviation of 0.28, an empirical median was 0.79, and 
empirical percentiles for H. Because these values were very close to the theo-
retical values given by the central limit theorem, the empirical or simulated 
values are not further reported in the paper. 
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Covariate-constrained randomization techniques are increasingly 
popular in CRTs, but uncertainties remain over the specifics of imple-
mentation, how overall imbalance should be assessed, and what con-
stitutes acceptable balance thresholds [15]. Stratification is sometimes 
used in CRTs [20], but this method can become unwieldy when balance 
is desired on more than just a few site characteristics [1,3]. A classic 
method of covariate-constrained randomization was described by 
Moulton [12] and consisted of specifying, in advance, the minimal de-
gree of imbalance desired on each specific covariate, conducting all 
possible randomizations, identifying the subset of possible randomiza-
tions that achieve acceptable control of imbalance, and randomly 
selecting one random allocation from that subset of acceptable ran-
domizations. However, even a relatively modest number of sites can lead 
to an unwieldly number of total possible randomizations using this 

method, and questions remain on how “acceptable balance” should be 
defined. Moulton [12] illustrated that sometimes study-specific covari-
ate criteria need to be tightened or relaxed at interim stages and openly 

Table 1 
Characteristics of the Original 15 ADS Plus and 15 Controls Sites Randomly Assigned with the BMW approach.   

Characteristic 
Overall 
mean 

Overall 
SD 

Mean AVDM across 20 
randomizations 

Optimal BMW Randomization 

Mean (ADS 
Plus) 

SD (ADS 
Plus) 

Mean 
(Control) 

SD 
(Control) 

AVDM 

Site Size 65.00 31.47 0.84 64.80 35.55 65.20 28.06 0.03 
Public Ownership (Y = 1, N = 0) 0.17 0.38 0.82 0.20 0.41 0.13 0.35 0.48 
Location1 (Suburban = 1, Other 
= 0) 

0.17 0.38 0.87 0.13 0.35 0.20 0.41 0.48 

Location2 (Rural = 1, Other = 0) 0.33 0.48 0.57 0.33 0.49 0.33 0.49 0.00 
Race (% White) 57.04 36.44 0.85 55.11 37.89 58.97 36.16 0.28 
Dementia Diagnosis % 79.63 19.87 0.96 82.53 17.42 76.73 22.29 0.79 
Mean – – 0.82 – – – – 0.34 

Notes: ADS = Adult Day Service; AVDM = Absolute Value of the Standardized Difference in Means; BMW = Balance Match Weighted. 

Table 2 
Site balancing statistics by individual randomizations of the BMW approach.  

Randomization Difference in Matched Site Propensity Scores B H Percentile for H (based on normal distribution) Min AVDM Max AVDM 

1 2.46 4.65 0.77 45 0.20 1.47 
2 3.13 7.83 0.88 63 0.00 2.01 
3 0.66 2.39 0.50 11 0.00 1.08 
4 0.52 1.50 0.39 5 0.00 0.93 
5 2.46 4.65 0.77 45 0.20 1.47 
6 2.28 7.64 0.98 77 0.23 1.56 
7 3.32 12.49 1.15 92 0.48 2.92 
8 3.72 4.44 0.77 45 0.34 1.47 
9 3.79 17.28 1.48 100 0.48 3.11 
10 3.07 11.68 1.25 97 0.00 2.09 
11 3.34 10.76 1.06 86 0.23 2.69 
12 3.07 11.68 1.25 97 0.00 2.09 
13* 0.32 1.16 0.34 3 0.00 0.79 
14 2.98 3.47 0.73 39 0.48 1.08 
15 1.75 1.58 0.45 8 0.01 0.76 
16 1.74 5.90 0.75 42 0.00 1.47 
17 1.21 1.35 0.43 7 0.05 0.76 
18 1.20 6.03 0.95 73 0.48 1.47 
19 2.98 3.47 0.73 39 0.48 1.08 
20 1.50 6.21 0.78 47 0.00 1.85 

Notes: * denotes the selected randomization; AVDM = Absolute Value of the Standardized Difference in Means; BMW = Balance Match Weighted. 

Table 3 
Site balancing statistics after site substitutions (stage 2).  

Substitution Propensity Score of 
Site Dropped 

Propensity Score of Site 
Substituted 

B H 

0 – – 1.16 0.34 
1 0.44 0.46 2.04 0.35 
2 0.41 0.48 2.01 0.44 
3 0.33 0.48 2.71 0.54 
4 0.42 0.50 2.56 0.47 
5 0.54 0.54 2.40 0.50 
6 0.46 0.51 2.64 0.49 
7 0.40 0.52 3.96 0.72  

Table 4 
Site balancing statistics after assigning additional sites with minimization 
method (stage 3).  

Site Added Group Assignment B H 

0 (after 7 site substitutions)  3.96 0.72 
0 (after 1 substitute site dropped out)  5.98 0.86 
1 ADS Plus 5.95 0.83 
2 ADS Plus 3.61 0.74 
3 ADS Plus 3.44 0.71 
4 ADS Plus 3.05 0.66 
5 ADS Plus 2.68 0.57 
6 Control 1.64 0.48 
7 ADS Plus 1.01 0.38 
8 ADS Plus 1.00 0.37 
9 Control 0.64 0.28 
10 ADS Plus 0.67 0.29 
11 Control 0.58 0.26 
12 Control 0.64 0.27 
13 Control 0.69 0.27 
14 ADS Plus 0.58 0.27 
15 Control 0.53 0.21 
16 ADS Plus 0.60 0.25 
17 Control 0.46 0.23 
18 ADS Plus 0.27 0.18 
19 ADS Plus 0.27 0.16 
20 Control 0.13 0.20  
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discussed how such direct manipulation can contribute to appearances 
that investigators have “rigged the outcome (p. 301)” or “manipulated 
the design to his or her advantage. (p. 304).” 

Adherence to pre-specified standards and more general acceptance 
of reasonable benchmarks of site balance would constitute important 
advances in this important area of methodological development. In 
terms of metrics and targets, B and H both represent metrics of overall 
imbalance across multiple site characteristics. As shown in this illus-
tration, B and H are highly correlated, but H provides additional benefits 
in terms of a standardized scale that can facilitate comparative de-
scriptions across studies and in reference to what would be expected 
from a simple randomization. In addition to overall imbalance control 
targets across the site covariates collectively, the degree of imbalance 
observed on individual site characteristics might also be examined and 
considered. Ciolino and colleagues [15] conducted simulation studies 
and endorsed a threshold of having all p-values from nonparametric 
analyses of individual site characteristics being 0.30 or higher as 
indicative of acceptable balance. However, p-values are largely depen-
dent on the number of sites being randomized, making this threshold 
easier to achieve with some notable imbalances still remaining when the 
number of sites to be randomized is relatively small. 

Optimized randomization procedures such as covariate-constrained 
randomization may have implications for the analysis of treatment ef-
fects. In most cases, the increased balance on the covariates from re- 
randomization approaches should result in more precise estimates of 
treatment effects and could make traditional parametric analyses overly 
conservative [11]. Randomization tests can be conducted as an alter-
native or in sensitivity analyses. The implications for outcome analyses 
in pragmatic CRTs that use optimized randomization procedures should 
further be investigated in future methodological studies. 

We recommend that future applications of optimized randomization 
procedures for CRTs set a priori targets for controlling imbalance and use 
standardized metrics such as H. Such targets might also be supple-
mented with realistic criteria for individual balancing factors. For 
example, one could specify that the AVDMs for individual site charac-
teristics be below a pre-specified cut point, such as the 25th percentile, 
that p-values for intervention vs. control comparisons of individual 
balancing factors all exceed 0.30 [15], and that only randomizations 
with H below the 10th percentile be considered as acceptable. For the 6 
balancing variables that represented the 5 site characteristics in the ADS 
Plus trial, the 10th percentile corresponds to H = 0.48, and 4 of the 
initial 20 randomizations would have been considered acceptable. In-
vestigators may choose to keep randomizing until a particular 
randomization meets a priori thresholds, or conduct a great number of 
randomizations (e.g., 100 or more) and then randomly select one from 
the subset of those randomizations that achieve acceptable balance. 

As Moulton [12] has pointed out, care should be taken to ensure that 
treatment allocation decisions in CRTs are not impacted by individual 
site preferences or by other interim decisions that might introduce an 
appearance of bias. In the ADS Plus CRT, all site allocation decisions 
were made by statisticians who had no contact with project sites or their 

personnel. In general, as investigators hope to optimize designs in 
pragmatic CRTs, it will be essential to implement procedures that 
maintain experimental rigor and minimize opportunities for biased es-
timates of treatment effects. 
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