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Abstract

Purpose—We reviewed large-budget, National Institutes of Health (NIH)-supported randomized
controlled trials (RCTs) with behavioral interventions to assess (1) publication rates, (2) trial
registration, (3) use of objective measures, (4) significant behavior and physiological change, and
(5) effect sizes.

Methods—We identified large-budget grants (>$500,000/year) funded by NIH (National Heart
Lung and Blood Institute (NHLBI) or National Institute of Diabetes & Digestive and Kidney
Diseases (NIDDK)) for cardiovascular disease (dates January 1, 1980 to December 31, 2012).
Among 106 grants that potentially met inclusion criteria, 20 studies were not published and 48
publications were excluded, leaving 38 publications for analysis. ClinicalTrials.gov abstracts were
used to determine whether outcome measures had been pre-specified.

Results—Three fourths of trials were registered in ClinicalTrials.gov and all published pre-
specified outcomes. Twenty-six trials reported a behavioral outcome with 81 % reporting
significant improvements for the target behavior. Thirty-two trials reported a physiological
outcome. All were objectively measured, and 81 % reported significant benefit. Seventeen trials
reported morbidity outcomes, and seven reported a significant benefit. Nine trials assessed
mortality, and all were null for this outcome.
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Conclusions—Behavioral trials complied with trial registration standards. Most reported a
physiological benefit, but few documented morbidity or mortality benefits.
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Introduction

Modern approaches to the prevention and management of most chronic diseases, including
diabetes and coronary heart disease, require modification of behaviors [1-3]. A few
behaviors including physical inactivity, smoking, and poor diet result in four chronic
diseases, including cardiovascular disease, that account for 82 % of all noncommunicable
disease deaths in the world today [4]. Guidelines for the management of high cholesterol and
high blood pressure advise a trial of lifestyle modification before the initiation of medication
[5, 6].

Despite their promise, formal behavioral interventions remain underutilized in health care
practice. Phillips and colleagues recently reported that primary care patients reported an
average of 5.8 unhealthy behaviors and mental health risk factors [7]. Patients wanted to
change at least one behavior and to discuss their risks with their physician. Nearly 85 %
wanted to change fruit and vegetable consumption, and nearly 80 % wanted to discuss
weight management [7]. Even though there is a strong desire for behavioral intervention,
formal intervention, beyond mere advice, remains uncommon in medical practice. Even
among current smokers, about half were not given advice to quit by their primary care
doctors [8].

A possible explanation for the underutilization of behavioral interventions is the assumption
that pharmacological treatments are highly effective, whereas behavioral treatments are less
likely to achieve positive outcomes. Systematic reviews, however, show that positive results
in pharmacological trials are actually quite rare [9]. Goldacre [10] and Sumner [11] found
that media reports of clinical research are often exaggerated, not based on strong research
designs, or overgeneralized. Further, for every 5, 000-10,000 promising new molecules,
only one makes it through all of the review processes required to achieve FDA licensure
[12]. Even among the one in 10,000 licensed drugs, lack of efficacy is often discovered in
post-marketing studies. A recent analysis of trials funded by the National Heart Lung and
Blood Institute (NHLBI) found that evaluated pharmacological treatments were effective in
only 40 % of systematic trials [13]. Failure rates were much higher in large-budget
randomized controlled trials [9, 13].

These previous analyses have not focused exclusively on behavioral trials, even though
behavioral approaches have been evaluated in a significant number of randomized controlled
trials [9, 13]. In this article, we consider the evidence for the benefits of behavioral
intervention. Specifically, we address three questions: (1) Is there evidence that health
behavior can be modified? (2) Does the change produced by behavioral intervention result in
physiological change? and (3) Do behavioral interventions affect morbidity and mortality?
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In order to address these questions, we need a comprehensive look at the published
literature. One difficulty in assessing the literature, however, is that journals favor
publication of positive results, and many trials that produce null results are likely to go
unpublished [14]. A second challenge is that investigators may have the option of choosing
between many outcome measures when they publish their findings, thus inflating the
probability of reporting a spurious result [9].

In this analysis, we systematically reviewed large-budget (defined as costs>$500,000 in at
least one grant year) randomized controlled trials relevant to cardiovascular disease and
funded by the NHLBI or the National Institute of Diabetes & Digestive and Kidney Diseases
(NIDDK). Cardiovascular trials were selected because numerous behavioral interventions
have been implemented to improve health behaviors that affect cardiovascular health such as
nutrition, physical activity, medication adherence, and smoking prevention. The advantage
of systematically reviewing grant databases was that we were able to locate funded trials
prior to their initiation and determine if there was bias due to non-publication. Further, we
were able to use the registration service, ClinicalTrials.gov, to determine whether outcome
variables were pre-specified prior to the publication of the trial. Using these safeguards
allows us to provide a less biased estimate of the value of behavioral intervention. In
interpreting outcomes of large-budget behavioral intervention trials, we considered several
factors, including (1) evidence of publication bias, (2) trial registration prior to publication,
(3) the use of objective outcome measures, (4) evidence for significant behavior change, (5)
evidence for significant physiological change, and (6) effect sizes for change.

Sample of Studies

Our analysis focused on RCTs that involved behavioral interventions funded between 1980
and 2012. We focused on trials that were awarded higher dollar amounts because NHLBI
has shown that virtually all of these trials are eventually published, thus eliminating bias due
to selective publication [13]. The search process is summarized in a PRISMA diagram (Fig.
1). Two independent searches were conducted—one by the study authors and the second by
NHLBI [13]. We searched three different NIH grant databases (QVR, REPORTER, and
CRISP) for RCTs that were primarily funded or administered by NHLBI or NIDDK.
Because of the relationship between diabetes and cardiovascular disease, several of the
cardiovascular, behavioral interventions were administered by NIDDK, such as the Diabetes
Prevention Program (DPP) [15] and Look Ahead [3]. We selected the start year of 1980
because study abstracts were more often available in the grant databases after 1980.
Inclusion criteria were as follows: RCT for studies from 1980 to 2012; direct costs funded
were large enough to require special authorization (>$500,000/ year in at least 1 year of the
grant); the word “trial” had to appear in the study abstract; and primary outcome was a
cardiovascular risk factor, event, or death. Exclusion criteria included the following: no
human subjects protocol required; pediatric studies; animal studies; non-RCTs (e.g.,
observational, cohort, case control, genetic or proteomics, measurement, basic clinical
research); or interventions that were not behavioral (e.g, drugs, supplements, devices,
surgeries).
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A second independent search was conducted by NHLBI, Division of Cardiovascular
Sciences, to identify clinical trials with budgets requiring special authorization funded
through 2012 [13]. The NHLBI list allowed us to check our search against an objective
criterion. The authors reviewed each discrepant case jointly, and studies became part of this
evaluation if there was consensus on their inclusion criteria.

Identification of Publication

We searched bibliographic databases, PubMed and Google Scholar, as well as publically
available grant registries, NIH Reporter and ClinicalTrials.gov, for outcome papers for each
grant. Usually, a single paper included results for all the main outcomes. Sometimes two or
three papers per trial were needed to obtain results for all primary outcomes or sufficient
details to calculate effect sizes. If needed, trial investigators were contacted to clarify the
details of the study and which, if any, of their publications matched the grant. We contacted
a total of five principal investigators (1) to confirm if the intervention had incorporated a
behavior modification, (2) to check if the main outcome had been published, or (3) to clarify
the main outcome findings.

Selection of Behavioral Intervention

For each study, we considered the comparison between a treatment and a control condition.
If there were multiple arms in the trial, we analyzed the two arms that had the strongest
contrast in terms of dose of the intervention or most different in outcomes following
intervention.

Identification of Primary Outcomes

For each study, we identified the primary outcome variable for each of the following
constructs: behavioral (e.g., diet intake, physical activity, medication adherence, smoking,
goal tracking), physiological (e.g., weight, blood pressure, VO, max, LDL-C), morbidity
(e.g., formal disease diagnosis, CVD and CHD events, hospital stays, start of or increased
use of medication as a result of disease diagnosis), and all-cause mortality outcomes. In
many studies, the primary outcome was identified in the main outcome paper or on
ClinicalTrials.gov. When authors discussed multiple primary outcomes, we selected the
behavioral, physiological, and morbidity outcome more proximal to the intervention target
(e.g., nutrient intake for dietary interventions). For each outcome, we reported whether the
instrument used was objective or self-report. We defined objective as measures observed by
an impartial third party or device. Primary outcomes identified can be cross-checked
between our appendix tables with the original sources in the reference list.

For trials with multiple follow-up periods, we selected the follow-up period after the end of
the intensive intervention period for behavior and physiological outcomes and the longest
follow-up period for morbidity and mortality outcomes. Post-intervention was chosen
because it was the point that we would expect the strongest impact of the behavioral
intervention. We chose to include the final follow-up point because it was the most rigorous
test of the durability of the intervention.
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Sample sizes for populations, mean and standard error (or standard deviations) for
outcomes, number of events, and number of deaths for each trial are listed in the appendix
tables.

Additional Variables

Analysis

Results

We coded the following variables: registration in ClinicalTrials.gov prior to publication,
start year (earliest funding noted), publication year of main outcome, and type of comparator
(less intense intervention, usual care, or assessment only). We reported the change in
primary outcome in original units (e.g., kg, mmHg) between treatment and control group.

Each trial was categorized as showing significant benefit or as having non-significant (null)
effects for each type of primary outcome and for total mortality (assuming p<0.05 as
benefit). Bi-variate analyses were conducted using chi-square with p<0.05 as significant to
test group differences. When sufficient data were published, we re-calculated effect sizes for
the behavioral and physiological outcomes using the effect size calculator developed by the
Campbell Collaboration [16].

Effect sizes were derived from the mean, standard deviation, standard error, confidence
intervals, or proportions provided in the outcome paper. The absolute effect sizes for
behavioral and physiological outcomes were plotted against one another. We considered an
effect size small (0.2), medium (0.5), and large (0.8) for both continuous and proportion
calculations [17]. Meta-analyses were conducted separately for the following types of
interventions which had a minimum of four studies to pool: single health behavior
intervention for nutrition or physical activity, multiple lifestyle interventions incorporating
nutrition and physical activity, and blood pressure or heart monitoring trials. Meta-analysis
was conducted using STATA-12 using the metan procedure and a random effects model.
Studies were weighted by the standard error and then rerun weighted by sample size.

This study was determined exempt from review by the National Institutes of Health, Office
of Human Subjects Research.

A total of 5,828 grant years were identified through our searches (see Fig. 1). We removed
multiple years of funding (n=3,315) and multiple research sites or ancillary studies of the
same grant (n=933), which left a total of 1,580 abstracts for review. Using our pre-specified
search criteria, we excluded 1,474 grant abstracts (see Appendix Table 1 for specific
details). The most common reasons for exclusion included the following: study design was
not an RCT, trial was still active, or the focus was not cardiovascular. We searched for main
outcome papers for 106 grants; 20 were not found and assumed not published. An additional
48 full-text articles were excluded for not matching search criteria such as not an RCT, or a
drug or community trial, or a duplicate with other trials previously identified (details in
Appendix Table 1) which left 38 trials with published main outcome papers. Twenty-four
trials were uniquely identified in our search. Five trials were found only through the NHLBI
search. Nine trials overlapped between the two searches.
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Table 1 and Appendix Table 2 list details of the trials included in the review. Approximately
26 % of the studies were funded in the late 1970s and 1980s, another 26 % funded in the
1990s and just under half of the trials were funded in 2000 or later. Sample sizes ranged
from 79 to 48,835. Over half of the trials included a multi-factor or lifestyle intervention that
included at least two of the following: nutrition or diet, physical activity, and smoking
cessation (n=18). Nine trials intervened on exercise only (n=5) or nutrition only (n=4). Other
interventions involved blood pressure or heart failure monitoring (n=4), improving
communication with clinicians (n=2), medication adherence (n=1), cognitive behavioral
therapy (n=1), self-management counseling (n=1), smoking cessation (n=1), or health
literacy (n=1). Although we were not evaluating the effect of medications, interventions to
increase medication adherence and monitoring heart failure were included because they
modified a behavior that ultimately leads to optimal exposure of a surgery or drug treatment.

Publication Bias and Prior Registration

We could not find primary outcome publications for 20 trials. The publication rate was 38
trials out of 58 (38 published, 20 not found published) for a total of 65.5 %. We conducted
sub-analyses to compare publication rates among trials that registered with
ClinicalTrials.gov prior to publication compared to those that did not pre-register. Prior
registration in ClinicalTrials.gov would have only been available for trials active in the year
2000 or later as Clinical Trials.gov was not launched until 1999 [18]. Eighteen of the 20
unpublished trials and 27 of the 38 included trials received some NIH funding in the year
2000 or later and would have been eligible to register, for a total of 45 trials that should have
pre-registered in ClinicalTrials.gov. Overall, three fourths of trials were registered in
ClinicalTrials.gov prior to publication (12 of the 18 unpublished trials and 23 of 27
published trials). Pre-specified outcomes were published in all trials that pre-registered (data
not shown). Trials that were registered had a higher rate of publication (23 published/35
trials=65 %) than trials that did not prospectively register (4 published/10 trials=40 %), but
these rates were not statistically different (X2=1.21, p=.27).

Length of Intervention and Follow-Up

Table 1 lists the range of length of intensive intervention and follow-up periods for each
trial. Across all trials, length of intensive intervention ranged between 1 and 60 months and
follow-up periods ranged from 3 to 72 months. Table 2 summarizes the durations of the
intensive intervention and follow-up periods by type of intervention. The most common
length of interventions for exercise and multi-behavior change trial was 6-12 months and for
diet trials was 12—14 months. The lengths of follow-up were often longer in the diet and
lifestyle interventions than in the exercise and blood pressure monitoring trials. Focusing
just on interventions with the potential to change weight (nutrition, physical activity, multi-
behavior), over 50 % of single behavior change interventions lasted more than 1 year,
whereas less than half of multi-factor interventions lasted longer than 1 year (8 out of 18).
Length of total follow-up period (post-baseline) was typically longer in nutrition and multi-
factor interventions than in physical activity interventions. All of the nutrition interventions
and 12 out of 18 multi-behavior change interventions reported a follow-up period longer
than 12 months post-baseline.
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Objective Measurement

Table 2 and Appendix Table 3 list the type of behavior and physiological outcome
measured. Superscripts indicate if the measure was objective. Across the 38 trials, only 26
trials reported a behavioral outcome and 11 of these trials (42 %) applied a measure that met
the definition of objective. Among trials that reported a behavioral outcome (n=26), 81.8 %
(9 out of 11 trials) reported significant benefit outcomes based on objective assessments,
whereas 80.0 % (12 out of 15 trials) reported positive results based on non-objective or self-
report assessments. All trials reporting physiologic outcomes (n=32) applied objective
assessments.

Significant Outcomes

Effect Sizes

Table 2 and Fig. 2 report the number of trials that reported a behavior, physiological, clinical
morbidity, or mortality outcome and if the finding was statistically significant. Only 26 trials
reported a primary behavioral outcome with 21 trials (81 %) reporting a significant benefit.
Similarly, 32 of the 38 trials reported a primary physiological outcome, and 81 % of these
trials reported a significant benefit for physiologic measures (26 out of 32 trials). Fewer
trials measured morbidity outcomes (17 out of the 38 trials), and only seven reported a
significant benefit in the clinical outcome for the intervention condition in comparison to the
control condition. Only 9 of the 38 studies reported mortality outcomes. All studies that
assessed mortality were null.

Table 2 lists the Cohen's d effect sizes that we calculated, as well as the between group
differences in original units. Effect sizes could not be calculated for some trials if they did
not provide sufficient details in their publications (refer to Appendix Table 3 for listing of
effect sizes). About half (14 out of 25 trials) produced small effect sizes for behavioral
change (Cohen's d between 0.2 and 0.5), and approximately a quarter (n=6) reported
medium effect sizes (Cohen's d larger than 0.5) and one fifth (n=5) large effects (Cohen's d
larger than 0.8) [16]. Approximately three fourths of trials produced small effect sizes (23
out of 30 trials), and 20 % (6 out of 30 trials) produced moderate effect sizes in their
primary, physiological outcomes. Example of small to medium changes in original trial units
includes changes in weight from 1 to 5.4 kg and changes in blood pressure from 1.5 to 9.4
mmHg.

We plotted the effect sizes of the primary behavioral outcome at post-test (x-axis) against
the effect sizes of the primary physiological outcome at post-test (Fig. 3). Each circle on the
figure represents one trial, and a solid colored circle indicates a significant benefit observed
for both the behavioral and physiological outcome. Figure 3 displays 20 trials that report
sufficient data to calculate effect sizes for both behavioral and physiological outcomes. The
slope of the best fitting line is fairly flat (slope=-0.11). The majority of the trials (80 %)
report a significant benefit for both the change in behavior and physiology; however, many
of these effects fall within the small level as defined by Cohen (between 0.2 and 0.5).

The analysis was repeated using only weight as the physiological outcome because weight
was the most common physiological outcome reported across all trials (Fig. 4). For this
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analysis, we combined trials that analyzed weight as either the primary or secondary
outcome (n=15). Physiological effect sizes shown in Fig. 4 may not appear in Fig. 3 of all
primary physiological effect sizes. We again see high concordance with 87 % of the trials
reporting a significant benefit in the behavior and weight outcomes. We observed a stronger
relationship between the data points (slope=0.33), and more of the trials reported moderate
to large effects in weight change (n=10).

Meta-Analysis of Effect Size of Single Versus Multiple Behavior Interventions

We conducted a meta-analysis of trials by type of intervention for the following sub-groups:
(1) single behavior change interventions targeting blood pressure and heart monitoring
interventions, (2) single behavior change interventions targeting nutrition or physical
activity, and (3) multiple behavior change interventions of nutrition, physical activity, or
smoking. Although four blood pressure and heart monitoring studies were pooled, these
studies did not consistently report a behavior and physiological change. Only one trial
reported the behavior change (adherence), and only two reported blood pressure. We
compared the effect size and number of significant primary outcomes for single versus
multiple behavior interventions that modified nutrition and physical activity (Table 3). The
mean effect size for the primary physiological outcome was larger in multi-behavior
interventions (0.48 effect size) as compared with single behavior interventions (0.34 for
physical activity or 0.03 for diet only). The mean effect size for weight change was two to
five times higher for multi-behavior change interventions (0.74 effect size) as compared to
single behavior change interventions (0.08 for physical activity or 0.14 for diet only).

We coded trials as having a significant benefit in change in weight and change in their
primary physiological outcomes. Among interventions that modified a single behavior
(nutrition or physical activity), seven out of nine (78 %) reported a significant benefit in
their primary physiological outcome, and four out of six (67 %) reported a significant
benefit in weight as either a primary or secondary outcome. All of the multiple behavior
change interventions reported a significant benefit in their primary physiological outcome,
and 94 % reported a significant benefit in weight (either as primary or secondary outcome).

Discussion

Our review of NHLBI/NIDDK-funded RCTs addresses three important questions: (1) Can
health behavior be modified? (2) Does the change produced by behavioral intervention
result in physiological change? and (3) Do behavioral interventions affect morbidity and
mortality?

Can behavior be madified? It is commonly believed that health behavior is difficult to
modify. Many practitioners have become skeptical about the effectiveness of behavioral
alternatives for the management of cardiovascular risk factors [19]. Our review suggests that
the great majority of behavioral trials do, indeed, demonstrate a positive benefit. Further,
most behavioral trials are pre-registered in the ClinicalTrials.gov service, and the primary
outcome variable is specified in advance. This assures that investigators are not selecting
positive outcomes from among many alternatives in a post hoc fashion. Behavioral
intervention researchers are conforming to high methodological standards.
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Our results are consistent with a variety of other analyses. For example, a recent evidence
synthesis for the US Preventive Services Taskforce (USPSTF) considered the benefits and
harms of behavioral counseling interventions to prevent cardiovascular disease (CVD) for
persons with established risk factors [20]. After considering 49 trials in meta-analysis, they
concluded that behavioral interventions to improve lifestyle resulted in reductions in total
cholesterol low-density lipoprotein, blood pressure, fasting glucose, diabetes, and adiposity
[20].

Do behavioral changes result in physiological changes? Our review suggests that behavioral
intervention often results in physiological changes including reductions in weight, blood
pressure, and serum cholesterol. Overall, there was a high degree of concordance between
behavioral and physiological outcomes. Both types of measures were reported in 20 of the
38 trials. Among these trials, 80 % reported a benefit for both behavior change and
physiologic change (16 of 20 trials). Few studies report data on the relationship between
behavior change and physiological change. More consistent reporting of the target behavior
change and its relationship to changes on physiological and health outcome variables is
needed. Future interventions should test and publish mediational analyses between their
behavior change and physiological outcomes. These mediational analyses would provide a
better understanding of the mechanisms that did or did not produce the intended
physiological change.

Measurement tools may be inadequate to clearly document behavioral change. For instance,
most nutritional measures were collected via self-report, which has known measurement
error due to participant recall, knowledge, and reactivity [21]. It might be argued that the
goal of behavioral intervention is to affect physiological outcomes. Thus, movement of a
physiological parameter might be the best evidence that the behavioral treatment was
successful. However, in some trials, there were changes on physiological measures despite
null effects for behavior change [22, 23]. We do not know whether the results from these
trials were (1) because there was high measurement error for the behavioral measures or (2)
because the physiological outcomes were affected through a non-behavioral pathway.

Do behavioral interventions affect morbidity and mortality? The goal of most health
interventions is to improve health outcomes, including functioning, quality of life, and
longevity. In examining this literature, we note that many of the behavioral trials evaluated
outcomes in terms of risk factors or behavior changes. Very few of the trials evaluated long-
term outcomes including mortality or clinical morbidity. This is in contrast to many of the
large pharmaceutical trials that focus attention on changes in cardiovascular mortality or all-
cause mortality [9]. Thus, it could be argued that behavioral trials are not being held to the
same rigorous standard as are evaluations of pharmaceutical and surgical interventions.
However, pharmaceutical interventions often modify a risk factor but report no benefit on
the primary health outcomes [9].

The finding that behavioral trials typically do result in significant improvements in risk
factors suggests that we need more trials that take the evaluation to the next level. Future
trials might include more evaluations of long-term health outcomes. Less than half of multi-
factor, lifestyle interventions included in our review reported a follow-up period greater than
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1 year. In order to measure clinical events or morbidity, longer length of follow-up is
required. Maintenance studies are needed to determine if these small to moderate
physiological effects are maintained post-treatment and if these effects are sufficient to
reduce cardiovascular events.

These trials will need to be large in order to assure sufficient statistical power to evaluate the
null hypothesis. Unfortunately, powering behavioral trials to detect mortality effects will
require a major change in the size of trials. For example, cholesterol-lowering medications
are believed to be one of the most effective instruments for reducing likelihood of death
from cardiovascular disease. In the very influential Coronary Primary Prevention Trial [24],
1.6 % of participants taking cholesterol lowing medications died over a 7-year follow-up in
comparison to 2 % of participants in the control group. To have a 90 % chance of detecting a
difference between groups would require more than 23,000 subjects per group. In the
original Physician's Health Study [25] on the effects of aspirin to prevent deaths from
myocardial Infarction, there were 5 deaths per 11,000 who were randomly assigned to take
aspirin in comparison to about 18 deaths per 11,000 physicians who took placebo. In order
to prospectively plan for a 90 % chance of detecting an effect this size at the 0.05 alpha
level, 16,000 subjects per group would be required.

As these calculations demonstrate, finding a significant treatment effect for mortality often
requires enormous sample sizes. Typically, sample size requirements may be many levels of
magnitude larger than is current practice in behavioral trials. In the 38 trials included in this
review, the majority of trials included samples sizes of several hundred combining both
study arms. Only four trials reported more than 1,000 participants/group and only two trials
more than 5,000 participants/group. Future investigations may need to consider much larger
sample sizes to demonstrate the benefits of behavioral interventions.

The effect sizes of the behavior and physiological outcomes were predominantly in the
range as the small (d=0.2) to medium (d=0.5) levels [17]. Because so few trials analyzed
changes in morbidity and mortality, we do not know if these effects sizes are large enough to
invoke a clinically meaningful change in morbidity. If small or medium effect sizes are
achieved, we do not know how well they are maintained or if a sustained small effect would
produce morbidity changes equivalent to larger, short-term physiological effects. Future
interventions might test the clinical outcomes achieved with smaller physiological and
behavioral changes sustained long term. For interventions that target high-risk populations,
larger changes in effect size in both the behavior and physiological outcomes might be
needed to achieve clinical outcomes. Instead of powering trials for a moderate effect size,
trials might estimate Cohen's d=1 which would equate to about a change in one standard
deviation between treatment and control groups.

We conducted a sub-analysis of interventions that targeted a single behavior change
(nutrition or physical activity or heart monitoring) as compared with interventions targeting
multiple behavior or lifestyle changes. Effect sizes achieved with multiple behavior change
interventions were larger than those achieved with single behavioral targets. In a recent
review, Nigg and Long found the majority of interventions with older adults focused only on
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one behavior change [26]. Our sample of trials included twice as many multi-behavior
change interventions as compared to single behavior change interviews.

File Drawer and Selective Reporting

Limitations

Null and negative results may be less likely to be published in comparison to positive
results. This selective non-reporting is known as “file drawer” bias. The trend toward study
preregistration may help address this problem because it allows identification of all studies
that are launched. Knowing the denominator of studies will allow better estimates of the rate
of non-reporting. Gordon et al. [13] conducted a review of NHLBI-funded trials and noted
that 64 % of trials that cost more than $5 million dollars were published within 12 months,
91 % within 30 months, and 97 % within 48 months of the grant end date. Behavioral
interventions (not restricting the sample to over $5 million) were less likely to be published
than non-behavioral interventions, with only 11 % published at 12 months, 48 % at 30
months, and 72 % at 48 months following the grant end date. Gordon et al. did not report
publication rates for behavioral interventions costing over $5 million [13]. In our analysis,
approximately 65 % of behavioral trials were published. We used an end date of December
2012, which only allowed some studies about 18 months to publish prior to our analyses.
Lower publication rate among behavioral trials might be attributed to the type of outcomes
reported. Previous analyses have shown that trials that report a clinical-event end-point were
more likely to be published than trials that did not [13]. Less than half of trials in our
analysis reported a clinical, morbidity outcome. Publication rates might improve if
behavioral interventions were powered for and reported clinical outcomes (like
hospitalization or formal disease diagnosis).

Over three fourths of behavioral trials funded since 2000 were registered prospectively with
ClinicalTrials.gov. All reported their pre-specified primary outcomes. Thus, our results are
not clearly explained by selective reporting of primary outcomes. The rate of registration is
high considering behavioral interventions are not required to register with ClinicalTrials.gov
[18]. A recent review of behavioral RCTs published in several leading behavioral health
journals found that the majority of behavioral intervention trials did not register and did not
adequately declare primary and secondary outcomes [27]. The Milette review did not
differentiate by source of funding [27]. In our data, trials that registered had a higher rate of
publication than trials that did not register, although this difference was not statistically
significant. Investigators of behavioral interventions may be registering in order to publish
in certain journals or because of a requirement of their sponsor. NIH now requires all funded
trials to register [28]. Better estimates of the rate of non-reporting are expected in the future.

Our evaluation has a significant number of limitations. First, we concentrated only on large-
budget NHLBI and NIDDK trials. Clearly, this is a small fraction of all of the behavioral
trials in the literature. Ultimately, only 38 studies met the inclusion criteria, and it is
legitimate to ask how representative these 38 studies are of all behavioral trials. We must
emphasize that this group of studies is the population of studies that met the inclusion
criteria. It is true that all of these were studies funded through the peer review system. But,
we did not arbitrarily eliminate studies. One of the strengths of the study is that we knew the
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population of studies that were funded prior to publication. In addition, the USPSTF recently
reviewed a wide range of behavioral trials and came to similar conclusions [20].

A second concern is that we evaluated only large trials. We focused on large trials because
they were more likely to be registered, and we had a better opportunity to rule out bias due
to non-publication [13]. On the other hand, these large funded trials are likely to be atypical.
Additional work using a more representative sample of trials is in order.

A third concern is that we focused on studies done in the USA, a country with a unique
health care system and a unique research funding structure. The reason for focusing on US
studies was that we were able to access NIH grant databases of funded studies. This is
important because access to the population of funded studies allowed us to avoid biases
associated with selective non-publication of normal or negative results.

A fourth concern is that behavioral medicine investigators sometimes recruit participants
who do not have elevated scores on a target variable. As a result, there is less room for
change because of floor effects [29]. A meta-analysis by Schneider and colleagues [30]
found that distress prior to an intervention explained as much as half of the variability
between studies on treatments for anxiety and depression. Many studies showed modest or
no effects of intervention when baseline distress was low. Floor effects are important. On
the other hand, most of the behavioral interventions are used for population-based
prevention and may need to focus on non-clinical populations. The USPSTF, which serves
as the basis for US clinical prevention policy, typically excludes studies where patients are
selected because they have high scores on a target variable. The reason is that the USPSTF
wants the results to generalize to the primary care population who receive preventive
services because they do not have elevated scores or diagnosed diseases. The role of clinical
versus population study group must be carefully considered in designing and generalizing
from studies.

Lastly, systematic reviews can now be registered, but we were unaware of registration
services when we began our analysis in the fall of 2011. One registration service is Prospero
which was developed in 2011, but the founding principles were not released until May 2014
(see http://www.crd. york.ac.uk/PROSPERO/). We do support registration of reviews and
would have used this service had we been aware of it when we began our work. We
recognize that registration reduces biases, promotes transparency of methods, and avoids
potential duplication. To facilitate the replication of our work by others, the tables in the
paper and the detailed online Supplemental Materials report the PRISMA diagram, the
number of results returned and excluded, and raw numbers and RR used in calculations. We
support replication and encourage others to reproduce our findings.

In summary, behavioral factors play an important role in the etiology and pathogenesis of
major cardiovascular conditions. Our review of large-budget NHLBI- and NIDDK-funded
behavioral trials suggests that the great majority produce positive outcomes in terms of
behavioral change and modification of cardiovascular risk factors. The common belief that
behavior cannot be changed is not supported by this review or by a related meta-analysis
conducted for the USPSTF [20]. In contrast, the majority of NHLBI trials evaluating
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pharmaceutical interventions produce null results [13], and the number of positive morbidity
or mortality outcomes in drug trials has declined since 2000 [9]. Behavioral interventions
have fewer negative side effects than drugs, and behavior change might lead to cascading
benefits with other related health behaviors. Behavioral interventions show promise with
significant benefits to behavior and physiological outcomes. More research is needed to test
the maintenance of these changes and to determine if these physiological changes are
sufficient to lengthen and improve quality of life.

Supplementary Material
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Number of behavioral intervention trials that reported a benefit or null finding for their

primary behavior, weight, physiological, morbidity, and mortality outcomes
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Scatterplot and best-fit line of the effect size of the change in the behavioral outcome (x-
axis) against the effect size of change in the physiological outcome (y-axis). Each circle
represents one trial with dark-colored circles representing significant benefit. Dark shading
represents effect sizes under 0.2, medium shading represents small effect sizes (Cohen's d
between 0.2 and 0.5), lighter shading represents medium effect sizes (Cohen's d between 0.5
and 0.8), and no shading represents large effect sizes (Cohen's d greater than 0.8)
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Sc%tterplot and best-fit line of the effect size of the change in the behavioral outcome (x-
axis) against the effect size of change in the weight outcome (y-axis). Each circle represents
one trial with dark-colored circles representing significant benefit. Dark shading represents
effect sizes under 0.2, medium shading represents small effect sizes (Cohen's d between 0.2
and 0.5), lighter shading represents medium effect sizes (Cohen's d between 0.5 and 0.8),
and no shading represents large effect sizes (Cohen's d greater than 0.8)
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Table 3

Summary table of number of significant benefits and effect sizes achieved and length of intervention and
follow-up period by type of behavioral intervention

Type of intervention

Blood pressure monitoring

Nutritiononly  Physical activity only  Multi-behavior change

Number of trials
Reported behavioral outcome
Significant behavior benefit (N)

Behavior change effect size from
meta-analysis

Reported physiological outcome
Significant physiological benefit (N)

Physiological change effect size from
meta-analysis

Reported weight outcome
Significant weight benefit (N)

Weight change effect size from meta-
analysis

Reported morbidity

Significant morbidity benefit (N)
Reported mortality

Significant mortality benefit (N)

Range of duration of intensive
intervention period (months)

Mode (most common) length
(months)

Range of length of total follow-up
(months)

Mode (most common) length
(months)

0.09

N/A
N/A

o B O B

3-24

3-24

4 5 18

3 3 13

3 2 11
0.15 0.34 0.53
4 5 18

3 4 18
0.03 0.34 0.48
4 2 17

4 0 16
0.14 0.08 0.74
4 1 8

3 1 4

1 1 3

0 0 0
2.5-48 3-24 3-60
12-14 6-12 6-12
14-72 6-24 6-72
12-14 12 12

Tables in cells reflect sub-group analysis of the behavioral intervention trials by their specific focus of the intervention—blood pressure
monitoring, nutrition only, physical activity only, multi-factor, or lifestyle interventions. The multi-factor interventions had to include at least two
of the following behavior change targets—nutrition, physical activity, and smoking. We report the number of trials for each type of intervention
and the number who reported and who found significant benefits for behavior, physiological, morbidity, or mortality outcomes. We also include the
effect size that we calculated from the meta-analysis of effect sizes from each type of intervention. Effect sizes above are weighted by sample size.
Please note that the effect sizes were quite different for the nutrition intervention trials for standard error versus weighted by sample size because of
the large sample size of the WHI trial. For the nutrition only interventions, effect sizes for the behavioral outcome were 0.98 when weighted by
standard error and 0.15 when weighted by sample size; for the physiological outcome were 0.28 when weighted by standard error and 0. 03 when
weighted by sample size; and for the weight outcome were 0.35 when weighted by standard error and 0.14 when weighted by sample size
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