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A B S T R A C T

Knowing the extent to which a clinical trial's findings translate into clinical practice can be challenging. One
practical approach to estimating a trial's influence on clinical practice can be achieved by assessing how the trial
informed relevant clinical practice guidelines (CPGs). Accordingly, the objectives of this study were to provide
an overview of all the clinical trials involving the Department of Veterans Affairs (VA) Cooperative Studies
Program (CSP) that aimed at informing or resulted in informing the management of high blood pressure and to
identify and describe the extent to which these trials informed CPGs for the management of high blood pressure.
A total of 26 clinical trials involving the VA CSP were identified. Using bibliographic information, 21 CPGs for
the management of hypertension representing over 40 years of treatment recommendations from eight collec-
tives were evaluated to determine how they were informed by trials involving the VA CSP. From 1977 to 2018,
13 of the 26 trials (50.0%) were found to have informed 19 of the 21 CPGs (90.5%) a total of 54 times
(mean=2.6 trial citations per CPG, SD ± 1.8). Clinical trials involving the VA CSP have informed a sizeable
proportion of CPGs for the management of high blood pressure over the past 40 years. Because of this impact on
the CPGs, these trials are also likely to have had at least moderate influence on clinical practice.

1. Introduction

Many clinical trials are conducted with the intent of influencing
clinical practice; however, knowing the extent to which a clinical trial
has achieved this intent is difficult. Given the varying and complex
ways that research findings can influence clinical practice, there is no
consensus regarding the best indicator or approach to demonstrate this
type of impact [1,2]. Furthermore, clinical trial stakeholders may
greatly desire to know if a clinical trial has appropriately influenced
clinical practice as this knowledge can be helpful in demonstrating
accountability and value from research, justifying the investment in
research, identifying next steps, and executing future research that has
a greater likelihood of influencing clinical practice. One practical ap-
proach to estimating influence on clinical practice involves evaluating
bibliometric data to determine the extent to which a study informed the
synthesized literature base, such as clinical practice guidelines (CPGs)
[2,3]. Although this approach is limited to evaluating an intermediate

outcome for influence on clinical practice instead of directly evaluating
the full clinical impact realized from the clinical trial, it can comple-
ment other means used to assess impact. Specifically, this approach
serves to document a key step along the translational research timeline
and contributes to the body of evidence supporting that a clinical trial
has likely achieved the intent of influencing clinical practice.

The US Department of Veterans Affairs (VA) Cooperative Studies
Program (CSP) is a research infrastructure dedicated to fulfilling the
VA's health care mission by generating definitive answers to vital
clinical questions through the conduct of multicenter clinical trials [4].
The VA CSP has investigated treatments for a variety of conditions,
including psychiatric disorders, neurologic disorders, infectious dis-
eases, and cardiovascular disease [5]. While the VA CSP has sponsored
and supported many trials to improve the management of high blood
pressure, the extent to which this body of research has influenced the
clinical management of hypertension has not been assessed. Since CPGs
for the management of hypertension have a long history and since there
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is some evidence of their successful influence on clinical practice [6,7],
it is suitable to assess the extent to which these clinical trials have in-
formed the CPGs and to use this assessment to estimate their impact on
clinical practice. The objectives of this study were to provide an over-
view of all the clinical trials involving the VA CSP that aimed at in-
forming or resulted in informing hypertension management and to
identify and describe the extent to which these trials informed CPGs for
the management of hypertension.

2. Methods

A comprehensive list of hypertension management CPGs was iden-
tified in order to represent CPGs from different periods of time and from
the most influential guideline-producing bodies. All the guidelines from
the Joint National Committee (JNC) on Detection, Evaluation, and
Treatment of High Blood Pressure were included to provide a re-
presentation spanning the entire era of hypertension guidelines. To
provide representation of guidelines from other frequently utilized
sources in more recent time, up to two of the most recent guidelines
published in the last two decades were selected from the following
collectives: the American Diabetes Association (ADA), the American
Heart Association (AHA)/American College of Cardiology (ACC), the
American Society of Hypertension (ASH)/International Society of
Hypertension (ISH), the British Hypertension Society (BHS)/the
National Institute for Health and Clinical Excellence (NICE), the
European Society of Cardiology (ESC)/European Society of
Hypertension (ESH), the Kidney Disease Improving Global Outcomes
(KDIGO)/Kidney Disease Outcomes Quality Initiative (KDOQI), and the
Department of Veterans Affairs (VA)/Department of Defense (DoD). In
addition to including the two most recent position statements regarding
diabetes and hypertension from the ADA, the most recent edition of the
Standards of Medical Care in Diabetes was also included.

Eligible studies were identified from the following sources: (1) an
internal database maintained by the VA CSP Clinical Research
Pharmacy Coordinating Center containing bibliographic information
for all the clinical trials involving the VA CSP since 1975; (2) the bib-
liography for a text describing the early history of hypertension re-
search conducted by the VA's Research & Development [8]; and (3)
search results from the PubMed/MEDLINE database using the terms
“(Veterans[All Fields] AND Cooperative[All Fields] AND (“Blood Pres-
sure”[All Fields] OR Hypertension[All Fields] OR Antihypertensive[All
Fields] OR Vasodilator[All Fields])) AND Clinical Trial[ptyp]“. The data
from these three sources were combined, and duplicate references were
removed. Abstracts, and when needed full-text publications, were
screened and reviewed to identify eligible clinical trials (Fig. 1 [9]).

A study was eligible for inclusion by meeting the following condi-
tions: (1) it was a randomized clinical trial; (2) it involved the VA CSP
as indicated by VA CSP sponsorship (or it was a “Cooperative Study”
performed by the VA before the formal reorganization of the VA CSP in
1972) or by VA CSP collaboration to provide funding, distribution of
study interventions, and/or coordination of study sites; and (3) it was
aimed at informing or resulted in informing high blood pressure man-
agement evidenced by using an intervention or primary outcome that
addressed hypertension or by being cited by a CPG when making a
recommendation for hypertension management. Finally, studies
meeting the inclusion criteria were then excluded if they were not the
main publication for the study. A publication was considered to be the
main publication if it reported the final results for the trial's primary
outcome. The main characteristics for each trial found eligible for this
review were summarized. Additionally, support of a trial by a phar-
maceutical company was ascertained by identifying any acknowl-
edgement listed in the main publication describing material support,
funding, or grants received from a for-profit corporation.

For the purposes of this study, a clinical trial was considered to have
informed a CPG when it was referenced by a CPG while making or

describing a recommendation for the management of hypertension. The
bibliographies from each CPG were searched for reference to the titles
of the included trials. When a reference to a trial was found within a
CPG, the usage of the reference in the CPG was reviewed to confirm that
its purpose was to support or describe a recommendation. Each trial
that was found to be referenced by a CPG was summarized in text, and
the nature of its use in that guideline was described. The total number
of instances that these trials were found to have informed the CPGs was
summed. This count was then divided by the total number of CPGs and
by the total number of trials that informed CPGs to estimate the average
number of trial citations per CPG and the average number of CPG ci-
tations per influential trial, respectively.

3. Results

3.1. Summary

The 21 hypertension CPGs that were evaluated in this study are
listed in Table 1 [10–31]. These guidelines span a period of over 40
years and represent recommendations from at least eight distinct col-
lectives. Since the early 1960s, there have been 26 clinical trials in-
volving the VA CSP which aimed at informing or resulted in informing
hypertension management (Fig. 1 [9]). The main characteristics of
these trials are summarized in Table 2 [32–63]. A total of 22 trials were
sponsored by the VA CSP while four trials were sponsored by the Na-
tional Institutes of Health (NIH) and utilized VA CSP collaboration.
There were eleven trials that received support, funding, or grants from a
pharmaceutical company. Of the 26 trials, 13 (50.0%) were found to
have informed 19 (90.5%) of the 21 CPGs included in this review. The
number of instances these trials informed the CPGs is portrayed in
Table 3 and is described further for each of these trials in section 3.2
[10–31,35–37,41,42,51,53–63]. From 1977 to 2018, these 13 clinical
trials were cited by 19 CPGs a total of 54 times, resulting in an average
of 2.6 trial citations per CPG (SD ± 1.8) or an average of 4.2 CPG
citations per influential trial (SD ± 2.5). Nine of these 13 trials were
sponsored by the VA CSP while the remaining four were sponsored by
the NIH and supported by the VA CSP. Finally, six of the 13 trials that
informed a CPG received support from a pharmaceutical company
(46.2%), and five of the 13 trials that did not inform a CPG received
support from a pharmaceutical company (38.5%).

3.2. Clinical trials that informed the CPGs

3.2.1. Freis et al., 1967 [35].
This randomized, double-blind, placebo-controlled trial evaluated

the effectiveness of antihypertensive agents in preventing cardiovas-
cular morbidity and mortality. After completing a run-in period eval-
uating adherence to placebo, 143 males with untreated diastolic blood
pressures averaging 115–129mm mercury (mm Hg) were assigned to
receive either placebo or a combination of hydrochlorothiazide, re-
serpine, and hydralazine. After an average follow-up of 15.7 months for
the placebo-treated patients and 20.7 months for the active-treated
patients, significantly fewer morbid events and deaths occurred in the
active-treated patients (two morbid events and zero deaths) compared
to the placebo-treated patients (27 morbid events and four deaths).

The findings of this study informed seven of the CPGs, starting in
1980 and continuing into 2017 [11,12,15,21,22,28,30]. The results of
this trial were most frequently used by guidelines when describing the
benefits of treating moderate and severe hypertension and when justi-
fying recommendations for pharmacologic treatment of hypertension
for patients with a diastolic blood pressure greater than or equal to
90mm Hg. Notably, the recent 2017 ACC-AHA hypertension guidelines
credited this study and the authors’ subsequent trial published in 1970
with ushering in the era of effective treatment for high blood pressure.
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3.2.2. Freis et al., 1970 [36,37].
Following their previous trial published three years earlier [35], the

authors released the results of a second similarly-designed trial that was
conducted using patients with lower diastolic blood pressures. This was
a randomized, double-blind, placebo-controlled trial that evaluated the
effectiveness of antihypertensive agents in preventing cardiovascular
morbidity and mortality. After completing a run-in period evaluating
adherence to placebo, 380 males with untreated diastolic blood pres-
sures averaging 90–114mm Hg were assigned to receive either placebo
or a combination of hydrochlorothiazide, reserpine, and hydralazine.
After an average follow-up of 3.9 years for the placebo-treated patients
and 3.7 years for the active-treated patients, significantly fewer morbid
events and deaths occurred in the active-treated patients (nine morbid
events and eight deaths) compared to the placebo-treated patients (35
morbid events and 19 deaths). This trend was most profound in patients
with baseline diastolic blood pressures greater than 104mm Hg. Study
findings were also analyzed according to age finding that older patients
also benefitted from antihypertensive therapy as exhibited by a

reduction of morbidity within this sub-group.
The findings of this study informed nine of the CPGs, starting in

1977 and continuing into 2017 [10–13,21,23,26,28,30]. The results of
this trial were most frequently used by guidelines when describing the
benefits of treating moderate and severe hypertension and when justi-
fying recommendations for pharmacologic treatment of hypertension
for patients with a diastolic blood pressure greater than or equal to
90mm Hg. The findings from the study's analysis on the effect of age
were also used to support recommendations for treating elderly patients
with antihypertensive medications. Notably, this trial was the only
study referenced by the first CPG from the JNC in 1977.

3.2.3. Perry et al., 1978 [41,42].
The VA and the National Heart, Lung, and Blood Institute jointly

organized and undertook a randomized, double-blind, placebo-con-
trolled, feasibility trial to understand whether a full-scale definitive
trial could recruit and retain patients with mild hypertension. After
two-years of recruitment, 1012 patients with diastolic blood pressures

Fig. 1. PRISMA flow diagram [9] for the process of identifying the clinical trials involving the department of veterans affairs cooperative studies program that aimed
at informing or resulted in informing high blood pressure management.
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between 85 and 105mm Hg were randomly assigned to receive chlor-
thalidone with or without reserpine or placebo. Although the main
objective of the study was to determine the feasibility of performing a
full-scale study, the trial also reported findings on the rate of progres-
sion to significant hypertension, cardiovascular morbidity, and anti-
hypertensive side effects. In addition to finding that a full-scale study
would be difficult to achieve, the trial also reported that patients given
active-treatment appeared to experience less progression to significant
hypertension, more cardiovascular morbidity, and more medication
side effects. However, as this trial was a feasibility study and was not
powered to detect differences in these clinical endpoints, the statistical
significance for these findings was not reported.

The findings from this study were cited by two of the CPGs in 1980
and 2011 [11,23]. This trial was used by guidelines when advising
providers to weigh the benefits of treating mild hypertension against its
potential side effects and when deriving pooled estimates showing the
benefit of using thiazide-type diuretics for hypertension.

3.2.4. Cohn et al., 1986 [51].
The first Vasodilator-Heart Failure Trial (V-HeFT I) was a rando-

mized, double-blind, placebo-controlled trial that evaluated the effect
of various vasodilators on mortality in chronic heart failure. A total of
642 men with stable chronic congestive heart failure being treated with
digoxin and diuretics were randomly assigned to receive hydralazine
with isosorbide dinitrate, prazosin, or placebo. After a mean of 2.3
years of follow-up, there were no significant differences between the
overall mortality rates in patients taking hydralazine with isosorbide
dinitrate (38.7%), prazosin (44.0%), or placebo (49.7%). However,
cumulative mortality at two years, which was also considered an im-
portant end point, was significantly reduced by 34% in patients taking
hydralazine with isosorbide dinitrate compared to placebo.

Despite this trial's focus on investigating the effect of vasodilator use
in patients with chronic heart failure, three blood pressure guidelines
used the trial findings when making recommendations for blood pres-
sure management in patients with comorbid heart failure [11,15,21].
Specifically, these guidelines recommended using hydralazine with

isosorbide dinitrate as a first- or second-line option to control hy-
pertension in patients with less severe heart failure.

3.2.5. Materson et al., 1990 [53,54].
This randomized, double-blind clinical trial evaluated the effect of

various antihypertensive regimens on blood pressure changes and
cognitive function in elderly patients. After completing a run-in period
evaluating adherence to a placebo, 672 males age greater than 60 years
with an untreated diastolic blood pressure averaging 90–114mm Hg
were assigned to receive either low- or high-dose hydrochlorothiazide
and were then potentially randomized again to receive hydralazine,
methyldopa, metoprolol or reserpine. After six to twelve months of
treatment, the rates of diastolic blood pressure control as well as cog-
nitive function were significantly improved within all groups when
compared to baseline; however, blood pressure control rates and cog-
nitive function did not differ between regimens. These results were
discussed in one guideline when reviewing the evidence for the ther-
apeutic management of hypertension and how antihypertensives may
affect cognitive function [22].

3.2.6. Cohn et al., 1991 [55].
The second Vasodilator-Heart Failure Trial (V-HeFT II) was a ran-

domized, double-blind, active-controlled trial that evaluated the effect
of enalapril on mortality in chronic heart failure. A total of 804 men
with stable chronic congestive heart failure being treated with digoxin
and diuretics were randomly assigned to receive enalapril or hy-
dralazine with isosorbide dinitrate. After a mean of 2.5 years of follow-
up, there was no significant difference between the overall mortality
rate in patients taking enalapril (32.8%) or hydralazine with isosorbide
dinitrate (38.2%). However, cumulative mortality at two years, which
was also considered an important end point, was significantly lowered
by 28.2% in patients taking enalapril compared to hydralazine with
isosorbide dinitrate.

As in V-HeFT I [51], despite this trial's focus on investigating the
effect of vasodilator use in patients with chronic heart failure, three of
the CPGs used this trial's findings when making recommendations for

Table 1
Clinical practice guidelines for the management of high blood pressure, ordered chronologically.

Year Guideline Title and Source Abbreviation

1977 Report of the Joint National Committee on Detection, Evaluation, and Treatment of High Blood Pressure [10]. JNC1
1980 The 1980 report of the Joint National Committee on Detection, Evaluation, and Treatment of High Blood Pressure [11]. JNC2
1984 The 1984 Report of the Joint National Committee on Detection, Evaluation, and Treatment of High Blood Pressure [12]. JNC3
1988 The 1988 report of the Joint National Committee on Detection, Evaluation, and Treatment of High Blood Pressure [13]. JNC4
1993 The fifth report of the Joint National Committee on Detection, Evaluation, and Treatment of High Blood Pressure (JNC V) [14]. JNC5
1997 The sixth report of the Joint National Committee on prevention, detection, evaluation, and treatment of high blood pressure [15]. JNC6
2003 Treatment of hypertension in adults with diabetes. The American Diabetes Association [16,17]. ADA 2003
2003 The Seventh Report of the Joint National Committee on Prevention, Detection, Evaluation, and Treatment of High Blood Pressure: the JNC 7 report

[18].
JNC7

2004 Guidelines for management of hypertension: report of the fourth working party of the British Hypertension Society, 2004-BHS IV [19]. BHS
2004 K/DOQI clinical practice guidelines on hypertension and antihypertensive agents in chronic kidney disease [20]. KDOQI
2004 VA/DoD Clinical Practice Guideline For Diagnosis and Management of Hypertension in the Primary Care Setting, Version 2.0b- 2004 [21]. VA/DoD 2004
2007 2007 Guidelines for the Management of Arterial Hypertension: The Task Force for the Management of Arterial Hypertension of the European Society of

Hypertension (ESH) and of the European Society of Cardiology (ESC) [22].
ESH/ESC 2007

2011 Hypertension: The Clinical Management of Primary Hypertension in Adults: Update of Clinical Guidelines 18 and 34. The National Institute for Health
and Clinical Excellence [23].

NICE

2012 KDIGO Clinical Practice Guideline for the Management of Blood Pressure in Chronic Kidney Disease [24]. KDIGO
2013 2013 ESH/ESC guidelines for the management of arterial hypertension: the Task Force for the Management of Arterial Hypertension of the European

Society of Hypertension (ESH) and of the European Society of Cardiology (ESC) [25].
ESH/ESC 2013

2014 2014 evidence-based guideline for the management of high blood pressure in adults: report from the panel members appointed to the Eighth Joint
National Committee (JNC 8) [26].

JNC8

2014 Clinical practice guidelines for the management of hypertension in the community: a statement by the American Society of Hypertension and the
International Society of Hypertension [27].

ASH/ISH

2014 VA/DoD Clinical Practice Guideline For Diagnosis and Management of Hypertension in the Primary Care Setting, Version 3.0–2014 [28]. VA/DoD 2014
2017 Diabetes and Hypertension: A Position Statement by the American Diabetes Association [29]. ADA HTN 2017
2017 2017 ACC/AHA/AAPA/ABC/ACPM/AGS/APhA/ASH/ASPC/NMA/PCNA Guideline for the Prevention, Detection, Evaluation, and Management of

High Blood Pressure in Adults: A Report of the American College of Cardiology/American Heart Association Task Force on Clinical Practice Guidelines
[30].

ACC/AHA

2018 Cardiovascular Disease and Risk Management: Standards of Medical Care in Diabetes-2018. The American Diabetes Association [31]. ADA SOMC 2018
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blood pressure management in patients with comorbid heart failure
[14,20,21]. Specifically, this study's findings were used by guidelines
when recommending the first-line use of angiotensin-converting en-
zyme (ACE) inhibitors for the management of blood pressure in patients
with heart failure and when recommending hydralazine with isosorbide
dinitrate as a second-line option in this population.

3.2.7. Materson et al., 1993 [56,57].
This randomized, double-blind, placebo-controlled trial evaluated

the benefit of six antihypertensive agents representing six distinct
classes of antihypertensive agents. A total of 1292 men ages greater
than 21 years with an untreated diastolic blood pressure of 95–109mm
Hg received hydrochlorothiazide, atenolol, clonidine, captopril, pra-
zosin, diltiazem, or placebo. After one year, significantly fewer patients
taking placebo (31%) achieved a target diastolic blood pressure less
than 95mm Hg compared to diltiazem (72%), clonidine (62%), atenolol
(60%), hydrochlorothiazide (55%), prazosin (54%), and captopril
(50%). Furthermore, when compared to the other antihypertensive
options, significantly more patients taking diltiazem achieved a dia-
stolic blood pressure less than 95mm Hg. This trial also analyzed data
according to age and race. In so doing, the trial found that African
American males responded best to diltiazem while Caucasian males
responded equally well to all active agents. Finally, this trial indicated
that younger patients generally appeared to experience a better re-
sponse to beta-blockers compared to other agents.

From 1997 to 2014, six guidelines referenced this trial when making
treatment recommendations [15,19,21–23,27]. These recommenda-
tions focused on giving preference to calcium channel blockers for
African Americans, considering the use of beta-blockers in younger
patients, and considering the need for a second antihypertensive agent
to obtain blood pressure targets for most patients.

3.2.8. Cushman et al., 1998 [58].
The Prevention and Treatment of Hypertension Study (PATHS) was

jointly sponsored by the NIH and the VA CSP. This randomized, open-
label clinical trial evaluated whether blood pressure was reduced by a
non-pharmacologic intervention that lowered alcohol consumption. A
total of 641 patients with nondependent moderate-to-heavy alcohol
consumption and average diastolic blood pressures between 80 and
99mm Hg were randomly assigned to receive a cognitive-behavioral
program focused on reducing alcohol intake or no intervention. While
weekly alcohol consumption was significantly lower in the patients
receiving the intervention compared to patients receiving no inter-
vention after 6 months (difference=−124 g/week; p-value < 0.001),
systolic and diastolic blood pressures were not significantly lower
(systolic/diastolic blood pressure difference=−1.2/-0.7mm Hg; p-
values > 0.05).

This trial was used by three CPGs when making recommendations
[23,25,30]. Despite finding non-significant benefit in terms of reducing
blood pressure, these CPGs cited this trial when discussing the benefit of
limiting alcohol consumption to no more than two and one drinks per
day for men and women, respectively, as a lifestyle measure to reduce
blood pressure.

3.2.9. Braunwald et al., 2004 [59].
The Prevention of Events with Angiotensin Converting Inhibition

(PEACE) trial was sponsored by the National Heart, Lung, and Blood
Institute and supported by the VA CSP Clinical Research Pharmacy
Coordinating Center. In this trial, 8290 patients with stable coronary
artery disease, normal or slightly reduced left ventricular function, and
ages greater than 50 years were randomly assigned to receive the ACE
inhibitor trandolapril or placebo in a double-blind manner. After a
median follow-up of 4.8 years, the primary composite end point of
death from cardiovascular causes, myocardial infarction, or coronary
revascularization was not significantly different between the patients
treated with trandolapril and those that received placebo (hazard ratioTa
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[HR]=0.96; 95% Confidence Interval [CI]= 0.88–1.06).
Although this trial investigated an intervention for coronary artery

disease, three of the CPGs for blood pressure management cited this
trial's findings when making recommendations [22,24,25]. These
guidelines recommended that healthcare providers consider the total
level of cardiovascular risk when determining the timing of anti-
hypertensive initiation. These findings were also discussed when noting
that the evidence for benefit from ACE inhibitors in this population was
inconsistent.

3.2.10. Cushman et al., 2010 [60].
The Action to Control Cardiovascular Risk in Diabetes Blood

Pressure (ACCORD BP) trial was sponsored by the National Heart, Lung,
and Blood Institute and supported by the VA CSP Clinical Research
Pharmacy Coordinating Center. In this trial, 4733 patients with type 2
diabetes were randomly assigned to have systolic blood pressure treated
to a target of less than 120mm Hg (intensive therapy) or to a target of
less than 140mm Hg (standard therapy) in a non-blinded manner. After
a mean follow-up of 4.7 years, the primary composite end point con-
sisting of nonfatal myocardial infarction, nonfatal stroke, or cardio-
vascular death was not significantly different between intensive or
standard therapy (HR=0.88; 95% CI= 0.73–1.06). While the risk of
stroke was significantly reduced by intensive therapy (HR=0.59; 95%
CI=0.39–0.89), the incidence of serious adverse events attributable to
antihypertensive medications was significantly higher with intensive
therapy compared to standard therapy (3.3% and 1.27%, respectively;
p-value < 0.001).

The results of ACCORD BP informed eight of the CPGs [24–31].
Depending on the CPG, the findings from ACCORD BP were cited when
making recommendations indicating that most patients with diabetes
should be treated to obtain a systolic blood pressure less than 140mm
Hg or less than 130mm Hg. Additionally, guidelines used these findings
to make recommendations for the use of a similar blood pressure target
when treating other populations without diabetes, including patients
with chronic kidney disease.

3.2.11. Benavente et al., 2013 [61].
The Secondary Prevention of Small Subcortical Stroke (SPS3) trial

was sponsored by the National Institute of Neurologic Disorders and
Stroke and supported by the VA CSP Clinical Research Pharmacy
Coordinating Center. A total of 3020 patients with recent lacunar stroke
were randomly treated to a systolic blood pressure target of
130–149mm Hg (higher-target) or to a systolic blood pressure target of
less than 130mm Hg (lower-target) in a non-blinded manner. After a
mean of 3.7 years, the rate of all strokes was non-significantly lower in
patients in the lower-target group compared to the higher-target group
(HR=0.81; 95% CI= 0.64–1.03), and the rates of serious adverse
events attributable to study treatment were comparable between the
two groups.

The SPS3 trial informed two of the CPGs [28,30]. In one of the
CPGs, the findings from SPS3 were discussed when describing the re-
commendation to treat all patients to a systolic blood pressure goal of
less than 150mm Hg. The other CPG influenced by SPS3 cited the study
when recommending that a systolic blood pressure target of less than
130mm Hg may be a reasonable measure for secondary prevention of
lacunar stroke.

3.2.12. Fried et al., 2013 [62].
The Veterans Affairs Nephropathy in Diabetes (VA NEPHRON-D)

study, a randomized, double-blind, placebo-controlled trial, evaluated
the effect of combining an ACE Inhibitor with an Angiotensin Receptor
Blocker (ARB) in treating diabetic nephropathy. After completing an
initial run-in phase to establish tolerance to losartan, 1448 patients
with type 2 diabetes mellitus, estimated glomerular filtration rates of
30–89.9mL per minute per 1.73m2 of body-surface area, and urinary
albumin-to-creatinine ratios of at least 300 received the addition of
either lisinopril or placebo. After a median follow-up of 2.2 years, the
trial was stopped early after showing significantly higher rates of hy-
perkalemia (HR=2.8; 95% CI=1.8–4.3), significantly higher rates of
acute kidney injury (HR=1.7; 95% CI=1.3–2.2), and a non-different
rate of combined glomerular filtration rate decline, development of

Table 3
Instances when clinical practice guidelines for the management of high blood pressure were informed by clinical trials involving the department of veterans affairs
cooperative studies program, ordered chronologically.
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end-stage renal disease, and death (HR=0.88; 95% CI= 0.70–1.12) in
patients taking an ARB and an ACE Inhibitor compared to patients
taking an ARB and placebo.

Since its publication and despite being conducted in patients with
diabetic nephropathy, four hypertension CPGs have made re-
commendations based on this trial's findings [28–31]. The re-
commendations in these guidelines supported by VA NEPHRON-D urge
caution when treating diabetic patients with a combination of an ACE
Inhibitor and an ARB, especially in patients with volume depletion.
Further, these guidelines recommend against the use of the ACE In-
hibitor with ARB combination for most patients, even in the absence of
diabetic nephropathy.

3.2.13. Wright et al., 2015 [63].
The Systolic Blood Pressure Intervention Trial (SPRINT) was spon-

sored by the NIH and supported by the VA CSP Clinical Research
Pharmacy Coordinating Center. This randomized, open-label, clinical
trial assigned 9361 patients with ages greater than 50 years, systolic
blood pressures from 130 to 180mm Hg, and at increased risk for
cardiovascular events to a systolic blood pressure target of less than
120mm Hg (intensive treatment) or to a target of less than 140mm Hg
(standard treatment). After a median of 3.26 years, patients receiving
intensive treatment had a significantly lower rate of the composite
primary end point of myocardial infarction, acute coronary syndrome,
acute decompensated heart failure, or cardiovascular death compared
to patients receiving standard treatment (HR=0.75; 95%
CI=0.64–0.89). The rates of serious adverse events due to syncope,
hypotension, electrolyte abnormalities, and acute kidney injury were
significantly higher in patients receiving intensive treatment compared
to standard treatment.

Three of the CPGs were informed by SPRINT [29–31]. The findings
from SPRINT were cited when recommending the use of pharmacologic
antihypertensive treatment to maintain systolic and diastolic blood
pressures below 130mm Hg and 80mm Hg, respectively, in patients
being at risk for or having atherosclerotic cardiovascular disease. Due
to these findings, guidelines also made recommendations for other as-
pects of managing blood pressure including performing follow-up and
managing blood pressure in the presence of other comorbidities. Fi-
nally, the recommendations from the ADA for treating diabetic patients
acknowledged the findings from SPRINT but noted that their relevance
to diabetic patients was less clear, indicating that a lower blood pres-
sure goal could be appropriate for diabetic patients assuming that the
additional treatment would not pose undue burden.

4. Discussion

4.1. Significance

One of most desirable outcomes a clinical trial can achieve is to
appropriately influence clinical practice. A trial's influence on clinical
practice can be demonstrated in part through its use in the relevant
CPGs [2,3]. Although CPGs are not the only force shaping the care a
patient ultimately receives, they represent a systematic aid when op-
timizing patient care, having the potential to improve healthcare
quality and safety, reduce inappropriate variations in practice, more
efficiently translate research into practice, and establish performance
measures for physicians and hospitals [64]. Accordingly, incorporation
of a trial's finding into the CPG recommendations is likely to facilitate
the trial's implementation in clinical practice.

This study demonstrated that half of the clinical trials involving the
VA CSP informed CPGs for the management of hypertension and that
approximately 90% of these CPGs were informed by at least one of
these clinical trials. While the two trials from Freis et al., in 1967 and
1970 as well as ACCORD BP and SPRINT were previously noted as
having great influence on the clinical management of hypertension
[5,65], the extent to which the body of clinical trials involving the VA

CSP informed hypertension management was heretofore unknown.

4.2. Trends in the clinical trials

From this study, it is possible to identify trends within the trials
cited by the CPGs in order to gain some understanding as to possible
reasons for their inclusion in the CPGs. One interesting trend pertains to
the primary outcomes of the clinical trials. Every trial wherein the
primary outcome consisted of clinical endpoints such as cardiovascular
mortality or morbidity, as opposed to a surrogate marker such as
change in blood pressure, informed a CPG. In contrast, only three of the
sixteen trials that used a surrogate marker for the primary outcome
informed a CPG. The selection for trials with clinical endpoints by CPGs
is anticipated given the focus of CPGs to improve patient healthcare in a
meaningful way [64].

Another difference between those trials that informed and did not
inform the CPGs pertains to sample size. Even after excluding the four
large trials sponsored by the NIH, the average sample size of trials that
informed CPGs (781.6 persons per trial) was larger than the average
sample size of trials that did not inform CPGs (331.3 persons per trial).
Given that these sample sizes were likely derived, at least in part, from
anticipated effect size, anticipated variance, and desired power, trials
with larger sample sizes may have been more frequently included in the
CPGs since they often provide more definitive and generalizable an-
swers to vital clinical questions.

It is also interesting to observe that four of the 13 trials that resulted
in informing the hypertension CPGs did not aim at informing the
management of high blood pressure based on the populations, inter-
ventions, or outcomes utilized by these trials. This unintended benefit
supports to the notion that there can often be great and unforeseeable
value to conducting clinical trials. Also of note is the observation that
the proportion of trials that informed CPGs and which were supported
by pharmaceutical companies was approximately similar to the pro-
portion of trials that did not inform CPGs and which were supported by
pharmaceutical companies. The apparent similarity in these propor-
tions may simply reflect that there can often exist a mutual interest in
obtaining answers to vital clinical questions that is shared by all types
of clinical trial sponsors. Finally, this study also serves to demonstrate
the extent to which clinical trials advance organically along the trans-
lational timeline from the publication of findings to the uptake by CPGs
and may highlight the need for additional efforts that supplement the
conduct of clinical trials in order to facilitate this progression.

4.3. Limitations

While the approach of evaluating how clinical trials informed the
CPGs can be more objective and feasible than attempting to directly
measure their influence in clinical practice, there are several limitations
to this method. The care patients receive in clinical practice is not al-
ways consistent with the care recommended by CPGs. As such, to as-
sume that clinical practice has necessarily been influenced once the
CPGs have been informed may overestimate the true clinical impact.
Although modest evidence exists supporting the general uptake of hy-
pertension guideline recommendations by healthcare providers [7],
directly evaluating the uptake of the specific recommendations in-
formed by the trials would have further elucidated the true clinical
impact from these trials.

This study was also limited in that it evaluated how the clinical
trials informed just one type of synthesized literature, CPGs. It did not
consider the extent to which a trial might have informed the un-
affiliated systematic reviews and meta-analyses which are occasionally
used by CPGs to support recommendations. Although there is a growing
number of unaffiliated systematic reviews and meta-analyses upon
which CPGs base recommendations, identifying these reviews and then
evaluating the impact of the clinical trials on this additional inter-
mediate outcome was beyond the scope of this paper. Instead, this study
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focused only on more proximal impact on CPGs as this provided for a
more compelling demonstration of potential influence on clinical
practice. However, by not considering the impact upon these other
types of synthesized literature, this study may have underestimated the
extent to which the VA CSP clinical trials informed the CPGs.

This study primarily focused on CPGs published after the year 2000.
Before the year 2000, only CPGs from the JNC were included. While
this approach provided for an assessment that was most relevant to
recent clinical practice, it failed to consider how the clinical trials may
have informed the CPGs that were published before the year 2000 and
produced by other sources. However, given that the JNC was likely the
most influential source of CPGs for hypertension management before
the year 2000, the findings from this study are likely to serve as an
adequate estimation of impact on clinical practice achieved through the
CPGs.

Although the characteristics of trials involving VA CSP pertaining to
population and interventions may differ from those utilized in trials
without VA CSP involvement, it was not possible to evaluate how these
differences may have modified the extent to which trials informed
CPGs. This study was able to estimate the extent to which trials in-
volving the VA CSP informed CPGs; however, additionally estimating
how trials without VA CSP involvement informed CPGs and comparing
this to how the trials involving VA CSP informed the CPGs was beyond
the intended scope of this study. Finally, this study was focused on
estimating impact on clinical practice and did not consider the impact
of the clinical trials on the advancement of research, as exhibited by
traditional citation indexes and other indicators. However, given that
many of the early trials conducted by the VA CSP are not yet indexed by
the PubMed/MEDLINE database, evaluating the impact of the VA CSP
clinical trials by creating citation indexes or other similar indicators
was infeasible.

5. Conclusions

Clinical trials involving the VA CSP have informed a sizeable pro-
portion of hypertension management CPGs over the past 40 years. CPGs
primarily relied on trials with larger sample sizes and ones which fo-
cused on clinical endpoints. Because of this impact on the CPGs, these
trials are also likely to have had at least moderate influence on clinical
practice.
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