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Established standards for first-line hypertension management include lifestyle modification and behavior change. The degree to
which and how lifestyle modification is systematically integrated into studies of first-line drug management for hypertension is of
methodological and clinical relevance. This study systematically reviewed the methodology of articles from a recent Cochrane
review that had been designed to inform first-line medical treatment of hypertension and was representative of high quality
established clinical trials in the field. Source articles (n = 34) were systematically reviewed for lifestyle interventions including
smoking cessation, diet, weight loss, physical activity and exercise, stress reduction, and moderate alcohol consumption. 54%
of articles did not mention lifestyle modification; 46% contained nonspecific descriptions of interventions. We contend that
hypertension management research trials (including drug studies) need to elucidate the benefits and risks of drug-lifestyle
interaction, to support the priority of lifestyle modification, and that lifestyle modification, rather than drugs, is seen by patients and
the public as a priority for health professionals. The inclusion of lifestyle modification strategies in research designs for hypertension
drug trials could enhance current research, from trial efficacy to clinical outcome effectiveness, and align hypertension best practices
of a range of health professionals with evidence-based knowledge translation.

1. Introduction

Large-scale randomized controlled clinical trials (RCCTs)
have long been considered the gold standard to evaluate
treatment approaches to control blood pressure. Two streams
of research have emerged: pharmacological and behavioral.
Pharmacological research has generally investigated five
classes of pharmaceuticals for blood pressure control: ACE
inhibitors, angiotensin II receptor blockers, beta-receptor
blockers, calcium channel blockers, and thiazide diuretics
[1, 2]. Behavioral and lifestyle research has included smoking
cessation, diet (including salt restriction), weight loss, physi-
cal activity and exercise, and decreased alcohol consumption.
Both research streams have elucidated effective hypertension

management and combined pharmaceuticals and behavioral
modification may lead to superior outcome. RCCTs and
systematic reviews based on such trials are considered the
highest level of evidence for hypertension management.

Although there are several established first-line practice
guidelines for the detection and management of hyper-
tension, lifestyle behavior change is considered first line
across levels of disease severity and concurrent comorbid
risk factors [3-5]. Education about lifestyle behavior change
is the priority if the patients blood pressure is between
140/90 mm Hg and 160/100 mm Hg. Further, if the patient’s
blood pressure is >160/100 mm Hg, lifestyle management in
conjunction with pharmaceutical interventions constitutes
best practice [2].
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Studies that investigate the outcomes of the interaction
of the two research streams, that is, pharmacological and
behavioral, are lacking. Given the unequivocal relationships
among health behaviors and blood pressure, interactions
between health behavior and drug efficacy are conceivable.
Pharmacokinetics of hypertension drugs have been reported
to be impacted by lifestyle factors [6]. If confounding lifestyle
variables were controlled experimentally or their effects
partitioned in post hoc analysis, drug effectiveness would be
better elucidated. Biomedicine focuses on reducing the signs
and symptoms of hypertension rather than the underlying
causes and contributing factors. Furthermore, there is little
evidence that drug therapy is simply additive to lifestyle
modification; rather lifestyle modification can reduce reliance
on medication [7].

The purpose of this systematic review was to estab-
lish how lifestyle modification is integrated into leading
established antihypertension drug trials. Of interest were
factors including smoking and stress reduction whose links
to hypertension have been less well established compared
with body weight and inactivity. Based on first-line clinical
practice guidelines, the inclusion of lifestyle modification can
not only be justified but also argued to be imperative, if related
research is to be practice-informed. Specifically, we investi-
gated to what extent and how lifestyle behaviors are system-
atically integrated into hypertension research paradigms of
established hypertension drug trials and the extent to which
lifestyle modification is masked by the use of nonspecific
terms such as usual care. We contend that attention to lifestyle
in the research paradigm of pharmacological studies related
to common lifestyle-related conditions such as hypertension
would enhance the practical implications and outcomes of
such studies in terms of knowledge translation and outcome
effectiveness versus simply efficacy and align them with real-
world best practice recommendations.

2. Methods

2.1. Data Sources. The Cochrane Collaboration is an interna-
tionally recognized benchmark for high quality information
based on best available evidence. Cochrane enables health-
care providers, policy makers, patients, and their advocates
to make well-informed decisions about health care [28-31].
Therefore, we conducted an analysis of a current Cochrane
Collaboration review informing first-line hypertension drug
treatment. We searched the Cochrane Hypertension Group, a
subgroup within the Cochrane library, and identified “First-
line Drugs for Hypertension” [8] as the best representative
article of a current systematic review investigating first-line
drug care for hypertension.

2.2. Data Extraction and Synthesis. For each large clinical
drug trial included in this review, Wright and Musini [8]
identified a single major publication often the publication
that included the final results for each trial. They identified
24 major publications. On preliminary review of each of
these major publications, not all included a description of the
methods of their research designs or referenced secondary
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TaBLE 1: Characteristics of articles cited in a leading selected
Cochrane review (Wright and Musini [8] that mentioned lifestyle
modifications).

Mentioned in

Lifestyle Mentioned in major
A L secondary
modification publication o
publication
Diet 6 5
Alcohol restriction 0 0
Exercise 4 2
Smoking cessation 4 3
Relaxation/stress
0 0
Management
Weight loss 4 3
Other or undefined
«; » 1 1
lifestyle

source articles including the published methodology. To
ensure that our analysis included all published information
regarding the methodological design of the large clinical drug
trials, secondary source articles from the drug trials were
accessed. These articles were reviewed separately. Based on
this criterion, 34 source articles resulted.

Each source article was reviewed for “mention of lifestyle
interventions” including smoking cessation, diet, weight loss,
physical activity and exercise, stress feduction, and moderate
alcohol consumption. These lifestyle intervention categories
were selected based on the 2012 Canadian Hypertension
Education Program recommendations that are reported to
be evidence based [32]. “Mention of lifestyle interventions”
was defined as the inclusion of terms that corresponded with
the six modifiable lifestyle behaviors. These terms could have
been included as interventions in the study design or simply
discussed in the introduction or conclusion of the paper.
Other lifestyle interventions or undefined lifestyle modifi-
cations were classified as “other” The term “any mention”
included articles mentioned explicitly excluding any lifestyle
modifications from their methodologies.

3. Results

Within the selected Cochrane review [8], 24 major publica-
tions corresponded to 24 large clinical drug trials. Of these,
seven articles mentioned lifestyle modification. When the
secondary sources were included, however, 11 of the 24 large
clinical drug trials mentioned lifestyle modification within
their related publications.

Table 1 shows the lifestyle modifications that were men-
tioned in the source studies [9-27]. The most common
ones, in either the major publication or its secondary pub-
lication, were optimizing diet, smoking cessation, weight
loss, and exercise. One major publication included men-
tion of potassium supplementation that we categorized as
“other” and one secondary publication referred to unspecified
“lifestyle changes.” No articles mentioned alcohol restriction
or relaxation/stress management to address secondary factors
contributing to high blood pressure.
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Of the 11 articles that mentioned lifestyle modification
(46%), description of the interventions, their specific details
and how they were systematically implemented, was lacking
(Tables 2(a) and 2(b)). Inconsistent assessment of lifestyle
behaviors and prescription of lifestyle modifications for
research participants or lifestyle modification left to the judg-
ment of researchers or doctors were recurring themes. Two
of the published drug trials, Syst-Eur [21] and USPHSHCSG
[25], systematically excluded lifestyle modification from their
research designs or from being obligatory for the participants.

Finally, we observed no consistent relationship, however,
between the publication dates and whether or not the drug
trials considered lifestyle modification in their methodology.

4. Discussion and Conclusions

To our knowledge, this is the first investigation of method-
ological considerations related to evidence-informed first-
line lifestyle modification in large established hypertension
drug trials. Several points of discussion emerged regarding
uncontrolled lifestyle modification within the designs of
these leading drug trials.

The majority of articles in a leading recent source
Cochrane review did not mention lifestyle modification. Not
only the low level of integration of such considerations into
drug research design is noteworthy, but also there appears
to be no universal research paradigm to ensure trials parallel
best clinical practice guidelines.

Four of the eleven drug trials that mentioned lifestyle
modification (36%) did so only within their secondary
sources; however, this methodology was not detailed in the
corresponding major publication. In publications from the
OSLO drug trial [13], for example, mention of general advice
for weight loss, smoking, and salt consumption for their
participants was included within the secondary publication,
but no further mention was made in its major publication.
This was often the case when the large drug trials resulted in
multiple publications including separate publications specif-
ically on the study design and rationale, while the major
publications were often focused on the final results of the
drug trials. Given that the major publications are likely the
most read, the exclusion of mention of lifestyle modification
methods in the major publications may be indicative of
the perceived value of publishing the lifestyle modification
considerations of the study design.

The Cochrane review by Wright and Musini [8] that
we selected as a representative review of established high
quality drug trials for first-line management of hypertension
includes research from as early as 1966 with its most recent
article being published in 2008. Of the large drug trials in
the Cochrane review, 76% (26 of 34) were at least 20 years
old. Newer articles however were no more likely to include
mention of lifestyle than older ones.

A common feature of the source studies was a lack of
details of the lifestyle modification interventions. Descrip-
tions within the methods sections were nonspecific, for exam-
ple, “avoidance or reduction of obesity will be advised” [14,
15], “encouraged to give up smoking” [23], and “individual

investigator’s judgment to prescribe lifestyle changes” [21].
Giving the effectiveness of lifestyle modifications depends on
how they are performed, and understanding how they were
administered, tracked, and monitored is critically important.

The lack of consistency observed for prescriptions of
lifestyle modification across trials presents further challenges
to interpreting the consistency and degree of emphasis that
was placed on lifestyle and the degree to which modifi-
able factors confounded the study outcomes (despite these
being randomized clinical trials). For example, SHEP [14]
provided “standardized” advice on diet, exercise, smoking,
and obesity, whereas VA-II [26] provided only salt restriction
and activity restriction for patients with congestive heart
failure. VA-NHLBI [27] provided dietary advice only in
the presence of lipid abnormalities and advised everyone
about the risks of smoking and obesity. Not only did the
source studies vary with respect to the apparent inclusion
of lifestyle modification, but also, if included, their param-
eters varied widely. Adding to these discrepancies were two
publications that mentioned lifestyle in their introductions
or conclusions but did not follow up with any form of
intervention. The USPHSHCSG [25] drug trial, for example,
mentioned only in the conclusion that “such careful follow-
up supplemented by other hygienic intervention, such as
weight control, moderate salt restriction, smoking cessation,
and a reasonable exercise program, may be appropriate
management for many mild, uncomplicated hypertensives,
and avoids the potential hazards, inconvenience, and expense
of long-term drug use” Although this insight was published
in 1977, this knowledge appears not to have been translated
and systematically integrated into established hypertension
drug trials. By not controlling this established first-line
intervention (i.e., lifestyle modification), it is not possible
to establish the degree to which medications were superior,
if at all, or the degree to which their effects may have
been augmented. Whether participants could have avoided
medications all together cannot be established.

Another factor that could affect the consistency of the
lifestyle behavior change prescriptions was the way in which
they were administered. Most source studies that provided
lifestyle modification advice described it as either “general”
or “standardized” Due to the range of publication dates
and the diversity of “standardized” protocols, these terms
were ambiguous. Other studies however reported having had
doctors or the investigators provide lifestyle modification
advice on an individual basis. Given the powerful effects of
lifestyle modification on normalizing blood pressure given
its inclusion in best hypertension practice, researchers cre-
ated potential confounding variables within the trials by
not standardizing their lifestyle modification prescriptions.
Although the MRC-TMH [10] drug trial recommended that
doctors follow a consistent policy, the SYST-EUR [21] drug
trial specifically discussed that diet and lifestyle changes
should not be obligatory and did not define what was
included under the “lifestyle changes” that were recom-
mended by investigators. These inconsistencies and omis-
sions, especially within the major publications, allow for
misinterpretation of the findings given confounding lifestyle
variables.
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Only one drug trial, MRC-TMFH [11], reported perform-
ing a logistic regression analysis to adjust for risk factors such
as smoking on drug outcomes. This analysis showed that the
action of one of the antihypertensive medications assessed
in the trial differed between smokers and nonsmokers. They
reported that nonsmokers had a higher available amount of
drugin their bodies. Wood [6], when discussing pharmacoki-
netic interaction of environmental factors with hypertension
medication, used this example to support that nonsmokers
may benefit more from certain hypertension medication than
smokers [28]. As drug effects can be modified by lifestyle
factors such as smoking, we contend that health indicators,
such as nutrition and physical activity, could similarly influ-
ence drug outcomes, and thus warrant consideration when
interpreting results.

One noteworthy source article that mentioned lifestyle
factors was the UKPDS [23] drug trial, reported in 1991. This
innovative study integrated a preliminary dietary regimen for
blood glucose control for participants. Patients who were able
to control their blood glucose through diet were excluded.
This was the only trial to include lifestyle modification in
its methodology and the only one to exclude patients based
on their ability to follow a lifestyle modification regime. In
this design, the investigators modeled what are currently the
medical guidelines for the treatment of hypertension.

Of interest is the dearth of attention given to stress
and its role in hypertension, in hypertension drug studies.
Although stress is viewed as contributing to high blood
pressure indirectly, autonomic activity is increased with
activation of the sympathetically mediated fight/flight/fright
mechanism, often the object of hypertensive medication. It
could be argued that reducing this backdrop of elevated
sympathetic activity might lower a person’s threshold for
clinical hypertension.

Several counterarguments could be posed given this
analysis of RCCTs and the inclusion of lifestyle modification.
One could argue that by design a RCCT homogenizes
variation from known and unknown variables including
lifestyle behaviors of drug trial participants thereby negating
the need to consider lifestyle factors. Lifestyle modification
has been long established as first-line intervention across
all classifications of hypertension and concurrent comorbid
risk factors, and thus, we believe drug trials need to shift to
the next level of methodological sophistication and factor in
lifestyle into their base designs. Given the power of lifestyle in
preventing and reversing as well as managing hypertension
[1, 2], pressing questions that need to be addressed relate to
maximizing these benefits and eliminating the need for drugs,
augmenting them with medication if indicated, that is, which
medication for which patient in the presence of lifestyle
behavior change (e.g., smoking cessation, nutrition, and
physical activity), and understanding how healthy lifestyles
impact the pharmacokinetics of the medications of interest.

A possible limitation of our analysis of the review by
Wright and Musini [8] is that this Cochrane review is
restricted to a subset of RCCTs, albeit it from a high
quality established database; thus is not a comprehensive
assessment of the methodology of all RCCTs investigating
antihypertension drugs. Furthermore, although this review

was published in 2009, some of the initial studies began
as early as 1970. Study designs and ethics guidelines may
have changed such that lifestyle modifications may need
to be monitored and/or administered to all participants to
analyze possible pharmacokinetics interactions. We noted
with interest that one of the seminal studies that paid most
attention to controlling lifestyle behaviors was published in
1977.

Although we have no reason to believe that comparable
review of other trials would result in different findings,
replication of other trials may have some benefit.

It is worth noting that, conversely, RCCTs examining the
effects of lifestyle behavior change on blood pressure would
be viewed as methodologically deficient if the confounding
effects of medications were not controlled in some respect or
built into the design of the trial.

Our findings have implications for the design of future
studies. Foremost, we recommend that best practice hyper-
tension guidelines need be reflected in hypertension studies;
specifically, lifestyle modification strategies need to be a
fundamental component of the research design of pharma-
cological studies on hypertension.
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