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Objective: To develop clinical practice guidelines for the primary prevention of atherosclerotic
cardiovascular disease (ASCVD) and type 2 diabetes mellitus (T2DM) in individuals at metabolic risk
for developing these conditions.

Conclusions: Health care providers should incorporate regular screening and identification of in-
dividuals at metabolic risk (at higher risk for ASCVD and T2DM) with measurement of blood pressure,
waist circumference, fasting lipid profile, and blood glucose. Individuals identified at metabolic risk
should undergo 10-year global risk assessment for ASCVD or coronary heart disease to determine
targets of therapy for reduction of apolipoprotein B–containing lipoproteins. Hypertension should be
treated to targets outlined in this guideline. Individuals with prediabetes should be tested at least
annually for progression to diabetes and referred to intensive diet and physical activity behavioral
counseling programs. For the primary prevention of ASCVD and T2DM, the Writing Committee
recommends lifestyle management be the first priority. Behavioral programs should include a heart-
healthy dietary pattern and sodium restriction, as well as an active lifestyle with daily walking, limited
sedentary time, and a structured program of physical activity, if appropriate. Individuals with excess
weight should aim for loss of$5% of initial body weight in the first year. Behavior changes should be
supported by a comprehensive program led by trained interventionists and reinforced by primary care
providers. Pharmacological andmedical therapy canbe used in addition to lifestylemodificationwhen
recommended goals are not achieved. (J Clin Endocrinol Metab 104: 3939–3985, 2019)
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Abbreviations: ACC, American College of Cardiology; AHA, American Heart Association;
ALLHAT, Antihypertensive and Lipid-Lowering Treatment to Prevent Heart Attack; ARB, an-
giotensin II receptor blocker; ASCVD, atherosclerotic cardiovascular disease; BMI, body mass
index; BP, blood pressure; CHD, coronary heart disease; DASH, Dietary Approaches to Stop
Hypertension; DM, diabetes mellitus; DPP, Diabetes Prevention Program; DREAM, Diabetes
Reduction AssessmentWith Ramipril and RosiglitazoneMedication; EVOO, extra virgin olive oil;
FPG, fasting plasma glucose; HDL, high-density lipoprotein; HDL-C, HDL cholesterol; HOPE 3,
Heart Outcomes Prevention Evaluation-3; hsCRP, high-sensitivity C-reactive protein; IDF, In-
ternational Diabetes Federation; IFG, impaired fasting glucose; IGT, impaired glucose tolerance;
IRS, insulin resistance syndrome; LDL, low density lipoprotein; LDL-C, LDL cholesterol; MI,
myocardial infarction; NCEP ATP III, National Cholesterol Education Program Adult Treatment
Panel III; NHLBI, National Heart, Lung and Blood Institute; OGTT, oral glucose tolerance test;
PREDIMED, Prevention With Mediterranean Diet; PROCAM, Prospective Cardiovascular
Münster; RCT, randomized control trial; RR, relative risk; SPRINT, Systolic Blood Pressure In-
tervention Trial; T2DM, type 2 diabetes mellitus; TGL, triglyceride; USDA, United States De-
partment of Agriculture; VFA, visceral fat area; VLDL, very low-density lipoprotein.
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List of Recommendations

Definitions and diagnosis

1.1 In individuals aged 40 to 75 years in the office
setting, we suggest providers screen for all five
components of metabolic risk at the clinical visit.
The finding of at least three components should
specifically alert the clinician to a patient at
metabolic risk (at higher risk for atherosclerotic
cardiovascular disease and type 2 diabetes mel-
litus). (2�sss).
Technical remark: The main components of
metabolic risk as defined in this guideline are (i)
elevated blood pressure, (ii) increased waist cir-
cumference, (iii) elevated fasting triglycerides,
(iv) low high-density lipoprotein cholesterol, and
(v) elevated glycemia. Elevated glycemia should be
determined either by HbA1c, fasting glucose, or
2-hour glucose with a second test for confirmation
using a new blood sample. Testing for additional
biological markers (e.g., high-sensitivity C-reactive
protein) associated with metabolic risk should be
limited to subpopulations. This recommendation
is specifically for adults aged 40 to 75 years, those
for whom the interventions have the greatest
impact and evidence for efficacy. This does not
restrict screening for appropriate individuals
outside of this age range, especially those who are
younger.

1.2 In individuals aged 40 to 75 years in the office
setting who do not yet have atherosclerotic car-
diovascular disease or type 2 diabetes mellitus and
already have at least one risk factor, we advise
screening every 3 years for all five components of
metabolic risk as part of the routine clinical ex-
amination. (Ungraded Good Practice Statement)

1.3 To establish metabolic risk in the general pop-
ulation, we recommend that clinicians measure
waist circumference as a routine part of the
clinical examination. (1|���s)
Technical remark: This measurement does not
replace the routine measurement of weight or
calculation of body mass index but can provide
more focused information regarding risk for
atherosclerotic cardiovascular disease and type 2
diabetes mellitus. The Writing Committee agrees
that the cutoffs for elevated waist circumference
should be $102 cm for men and $88 cm for
women in white, African, Hispanic, and Native
American populations. The Writing Committee
agrees that the cutoffs for waist circumference in
Asian populations (both East Asian and South

Asian) should be$90 cm for men and$80 cm for
women.

1.4 In individuals previously diagnosed with predi-
abetes, we suggest testing at least annually for
the presence of overt type 2 diabetes mellitus.
(2|���s)
Technical remark: Prediabetes is defined in a
variety of ways (fasting plasma glucose, 2-hour
plasma glucose following a 75-g oral glucose
tolerance test, or HbA1c) by different organiza-
tions in different countries, and the Writing
Committee does not endorse preferential use of
one definition over another.

1.5 We recommend that all individuals at metabolic
risk in the office setting have their blood pressure
measured annually and, if elevated, at each sub-
sequent visit. (1|����)
Technical remark: Blood pressure should be
measured after 5minutes of rest. Ambulatory and/
or home blood pressure monitoring, when per-
formed correctly, is recommended to confirm a
diagnosis of hypertension after initial screening.

1.6 For individuals with elevated blood pressure
.130 mm Hg systolic and/or .80 mm Hg di-
astolic who are not documented as having a
history of hypertension, we recommend confir-
mation of elevated blood pressure on a separate
day within a few weeks or with a home blood
pressure monitor. (1|����)

Lifestyle and behavioral therapy

2.1 In individuals at metabolic risk, we recommend
that lifestyle modification be first-line therapy.
(1|����)
Technical remark: The Writing Committee be-
lieves that primary care providers, endocrinologists,
geriatricians, and cardiologists should initiate dis-
cussions about the importance of adopting a
healthy lifestyle with all individuals at metabolic
risk. These and other relevant providers should
encourage individuals to join comprehensive pro-
grams led by trained health professionals that
support the adoption of healthy lifestyles, including
diet and physical activity, aiming for moderate but
sustained weight loss.

2.2 For individuals at metabolic riskwith excessweight
(defined by body mass index and/or waist cir-
cumference), we recommend that comprehensive
programs to support the adoption of a healthy
lifestyle should aim to achieve a weight loss of
$5% of initial body weight during the first year.
(1|����)
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Technical remark:Maintenance of weight loss by
adoption of sustainable healthy behaviors should
be encouraged with continuing support of pri-
mary providers and/or extended programs.

2.3 In individuals at metabolic risk, we recommend
prescribing a cardiovascular-healthy diet. (1|���s)
Technical remark: Providers can offer dietary
recommendations based on common components
of healthy cardiovascular dietary patterns to all
individuals at metabolic risk. Specific dietary
changes according to individual risk profiles could
be supported with the help of a nutrition specialist
in addition to the primary care provider.

2.4 In individuals at metabolic risk, we recom-
mend prescribing daily physical activity, such as
brisk walking, and reduction in sedentary time.
(1|���s)
Technical remark: Providers should encourage all
individuals at metabolic risk to adopt an active
lifestyle by walking and reducing the amount of
time in sedentary activities. Structured activity
programs may be added with the help of an ex-
ercise specialist for appropriate individuals.

Medical and pharmacological therapy

Risk assessment and evaluation

3.1 In individuals identified as having metabolic risk,
we recommend global assessment of 10-year risk
for either coronary heart disease or atheroscle-
rotic cardiovascular disease to guide the use of
medical or pharmacological therapy. (1|���s)
Technical remark: Global risk assessment in-
cludes the use of one of the established cardio-
vascular risk equations. Elevated low-density
lipoprotein is indicative of cardiovascular risk.

3.2 In individuals with low-density lipoprotein cho-
lesterol$190mg/dL (4.9mmol/L) or triglycerides
$500 mg/dL (,5.6 mmol/L), we recommend
that, before considering the diagnosis of primary
hyperlipidemia, practitioners should rule out
secondary causes of hyperlipidemia. If a sec-
ondary cause can be excluded, primary hyper-
lipidemia should be suspected. (1j���s)
Technical remark: Examples of secondary causes
of hyperlipidemia include untreated hypothy-
roidism, nephrotic syndrome, renal failure, cho-
lestasis, acute pancreatitis, pregnancy, polycystic
ovarian disease, excess alcohol use, treatment
with estrogens/oral contraceptives, antipsychotic
agents, glucocorticoids, cyclosporine, protease
inhibitors, retinoids, and beta blockers.

Cholesterol reduction

3.3 In individuals 40 to 75 years of agewith low-density
lipoprotein cholesterol$190mg/dL ($5.9mmol/L),
we recommend high-intensity statin therapy to
achieve a low-density lipoprotein cholesterol re-
duction of $50%. (1|���s)

3.4 In individuals 40 to 75 years of age with low-
density lipoprotein cholesterol 70 to 189 mg/dL
(1.8 to 4.9 mmol/L), we recommend a 10-year risk
for atherosclerotic cardiovascular disease should
be calculated. (1|���s)

3.4.1 In individuals 40 to 75 years of age without
diabetes and a 10-year risk $7.5%, we
recommend high-intensity statin therapy
either to achieve a low-density lipoprotein
cholesterol goal,100mg/dL (,2.6mmol/L)
or a low-density lipoprotein cholesterol
reduction of $50%. (1|���s)

3.4.2 In individuals 40 to 75 years of age
without diabetes and a 10-year risk of 5%
to 7.5%, we recommend moderate statin
therapy as an option after consideration of
risk reduction, adverse events, drug in-
teractions, and individual preferences,
to achieve either a low-density lipopro-
tein cholesterol goal ,130 mg/dL (,3.4
mmol/L) or a low-density lipoprotein
cholesterol reduction of 30% to 50%.
(1|���s)

3.4.3 In individuals with metabolic risk, without
diabetes, on statin therapy, we suggest
monitoring glycemia at least annually to
detect new-onset diabetes mellitus. (2|���s)

3.4.4 In individuals aged .75 years without
diabetes and a 10-year risk $7.5%, we
recommend discussing the benefits of statin
therapy with the patient based on ex-
pected benefits vs possible risks/side effects.
(1|���s)

Technical remark: Decisions should be made on
a case-by-case basis depending on estimates of
likely benefits vs risks in individual patients. Statin
therapy should be calibrated to reach the rec-
ommended low-density lipoprotein targets.

3.5 In individuals at metabolic risk who are taking
statins with adequate low-density lipoprotein
cholesterol reduction, elevated triglyceride levels
[$200 mg/dL (2.3 mmol/L)], and reduced high-
density lipoprotein levels [#50 mg/dL (1.3 mmol/
L) in females, or #40 mg/dL (1.0 mmol/L) in
males], we suggest considering fenofibrate ad-
junct therapy. (2|���s)
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Technical remark: Avoid gemfibrozil in this
situation.

3.6 In individuals $40 years of age at metabolic risk
with low-density lipoprotein cholesterol at target,
an estimated 10-year atherosclerotic cardiovas-
cular disease risk of .7.5%, and without clinical
atherosclerotic cardiovascular disease or other
atherosclerotic cardiovascular disease risk fac-
tors, we suggest treatment with a moderate-in-
tensity statin. (2|���s)

Blood pressure reduction

3.7 In individuals with blood pressure .130/80 mm
Hg and a 10-year cardiovascular risk #10%, we
suggest lifestyle management to lower blood
pressure to ,130/80 mm Hg and to reduce the
risk for atherosclerotic cardiovascular disease.
(2|���s)
Technical remark: Because the 10-year risk is
#10%, lifestyle intervention is appropriate and
preferable to use of medications. Interventions
include weight loss, healthy diet, sodium re-
striction, enhanced potassium intake, increased
physical activity, and moderation of alcohol use.

3.8 In individuals without a history of atherosclerotic
cardiovascular disease with metabolic risk who
have a 10-year cardiovascular risk of .10% and
blood pressure of .130/80 mm Hg, we suggest
the use of blood pressure–lowering medication in
addition to lifestyle modifications for primary
prevention of atherosclerotic cardiovascular dis-
ease only when lifestyle modification alone has
failed. (2|���s)

Reducing progression to type 2 diabetes

3.9 In individuals with prediabetes, we recom-
mend prescribing lifestyle modification before
drug therapy to reduce plasma glucose levels.
(1|����)

3.10 In individuals with prediabetes who have limi-
tations to physical activity or are not responding
to lifestyle modifications, we recommend met-
formin as a first pharmacologic approach to
reduce plasma glucose levels. (1|���s)

Introduction

Importance of this topic and scope of guideline
The dramatic increase in the prevalence of individuals

at risk for the development of atherosclerotic cardio-
vascular disease (ASCVD) and type 2 diabetes mellitus

(T2DM) throughout the developed and developing world
requires that physicians and other care providers are
aware of the risk factors for these conditions and can
identify individuals at risk to initiate treatment to prevent
these diseases. The Endocrine Society has recognized the
importance of identifying individuals who are at meta-
bolic risk so that efforts can be instituted to prevent both
ASCVD and T2DM.

Several risk factors for ASCVD and T2DM—

hypertension, lipid abnormalities, hyperglycemia, and
abdominal adiposity—tend to cluster together. This
clustering was originally known as the insulin resistance
syndrome (IRS) because it was thought that insulin re-
sistance was its underlying cause. However, although
insulin resistance may be associated with these risk
factors, it may not always be present and does not fully
explain the syndrome. The term IRS has been replaced
by combinations of clinical criteria that are defined
differently by various organizations and attempt to
describe a clinical entity, the metabolic syndrome. The
major purpose was to use clinical signs and symptoms to
identify people who have a combination of risk factors
that contribute to a higher long-term risk for ASCVD and
T2DM than that in the general population.

This guideline addresses the population of individuals
with components of the metabolic syndrome who do not
yet have diagnosed ASCVD or T2DM and the steps that
can be taken to prevent these two diseases. Physicians can
screen for the key risk factors for ASCVD and T2DM at
routine clinical visits when they obtain a patient’s history
and perform physical examinations.

This guideline also focuses on behavioral, nutritional,
and medical management. Although surgical procedures
have been found to be useful treatments for obesity,
prediabetes, and T2DM (1–3), and are promising for
prevention in observational studies, the Writing Com-
mittee did not discuss such interventions because more
specific data on long-term prevention are needed and
decisions on interventions and specific procedures are
outside the scope of this document.

Summary of changes since the 2008 guideline
The differences between the 2008 guideline on this

topic and this guideline are as follows:

1. This guideline is focused on measures to identify
and reduce the risk of ASCVD and T2DM, rather
than defining the metabolic syndrome as a clinical
entity.

2. This guideline is more focused on adults between
40 and 75 years of age, for whom a higher quality
of evidence exists than for other age groups, thus
accruing the greatest impact.
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3. HbA1c measurement is included as a measure of
glycemia in the definition of metabolic risk.

4. For individuals with prediabetes, the recommended
screening frequency for diabetes is increased to at
least yearly.

5. Prediabetes is described more broadly and in a
variety of ways to include definitions from dif-
ferent organizations in different countries.

6. Goals of therapy for elevated cholesterol are
expressed both as absolute values and percentage
reductions.

7. The American Heart Association (AHA)/
American College of Cardiology (ACC) Pooled
Cohort Equation was not available when the
previous guideline was published. It is now in-
cluded as a recommended means of calculating
10-year ASCVD risk.

8. The definitions of high (.7.5%) and moderate
(5% to 7.5%) 10-year ASCVD risk as calculated
with risk scoring have changed since the prior
guideline, with correspondingly more intensive
use of lipid-lowering agents. The previous guide-
lines defined moderate risk as ,10% 10-year
ASCVD risk.

9. Lower blood pressure (BP) levels are identified as
targets of therapy to reduce ASCVD. The target of
140/90 mm Hg has been lowered to 130/80 mm
Hg in accordance with more recent data from the
Heart Outcomes Prevention Evaluation-3 (HOPE
3), Diabetes Reduction Assessment With Ramipril
and Rosiglitazone Medication (DREAM), and
Antihypertensive and Lipid-Lowering Treatment
to Prevent Heart Attack (ALLHAT) trials.

10. The recommendation for treatment with aspirin
in this population has been eliminated due to a
lack of sufficient evidence for its benefit. Subse-
quent data and a systematic review identified a
relative risk (RR) reduction in nonfatal myocardial
infarction (MI) but not in cardiovascular or all-
cause mortality. The effects were modest and could
be potentially outweighed by the risk of bleeding
and other complications (4).

11. Dietary and exercise recommendations have been
updated to correspond with more recent research
data.

Systematic Review and Meta-Analyses

The Writing Committee commissioned the conduct of
multiple systematic reviews to assess the effects of
pharmacological interventions on preventing or delaying
the onset of T2DM. The inclusion criteria focused on
randomized controlled trials (RCTs) that evaluated a

discrete list ofmedications suspected to affect the incidence
of T2DM [diabetes medications, angiotensin II receptor
blockers (ARBs), angiotensin-converting enzyme in-
hibitors, and statins]. The population of interest was in-
dividuals with metabolic risk factors but no known
diabetes. Random-effects models were used for meta-
analysis. A comprehensive search of several databases
(from each database’s earliest inclusive dates to 24 August
2017, in humans, in adults, and in any language) was
conducted. The databases included MEDLINE, Embase,
Cochrane Central Register of Controlled Trials, Cochrane
Database of Systematic Reviews, and Scopus. The search
strategy was designed and conducted by an experienced
librarian with input from the guideline methodologist.
Controlled vocabulary supplemented with keywords was
used to search for drug therapy for diabetes prevention, as
well as to limit the search to RCTs and meta-analyses.

The results showed that metformin, a-glucosidase in-
hibitors, pioglitazone, and ARBs significantly reduced the
incidence of diabetes and that statins increased the in-
cidence of diabetes. The certainty in evidence was low due
to limitations in study designs to evaluate the incidence
of diabetes (inadequate washout period, brief period of
follow-up, and varying definitions of T2DM) (5).

1. Definitions and Diagnosis

Growing evidence indicates that many individuals who
develop ASCVD or T2DM have common antecedents of
metabolic origin (6, 7). Although the pathophysiology
underlying these antecedents is not fully understood,
there is a strong overlap between cardiovascular risk
factors and prediabetes in its various definitions [im-
paired fasting glucose (IFG), impaired glucose tolerance
(IGT), or at risk for diabetes with HbA1c above normal].
Accordingly, identification of a general condition called
“metabolic risk” is reasonable.

The Writing Committee decided to define metabolic
risk as reflecting an individual’s predisposition for de-
veloping ASCVD and/or T2DM (see Appendix A for a
full discussion of the choice of terminology). Individuals
at metabolic risk often have (i) elevations of very low-
density lipoproteins (VLDLs) with elevated triglycerides
(TGLs), (ii) reduced levels of high-density lipoprotein
cholesterol (HDL-C), (iii) increased plasma glucose
levels, (iv) systemic hypertension, (v) enlarged waist
circumference, (vi) a prothrombotic state, and (vii) a
proinflammatory state. They can also have elevated
apolipoprotein B–containing lipoproteins [primarily
low-density lipoprotein (LDL), but also non-HDL lipo-
proteins such as VLDL, LDL, and chylomicrons], al-
though this criterion applies more specifically to ASCVD
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risk and is not included in the definition. The population of
individuals with metabolic risk defined herein are those at
risk for ASCVD and T2DM together but who have not yet
been diagnosed with these conditions [Table 1 (8–10)].

These individuals canbe identified by screening for the five
components that have traditionally been used as indicators of
the metabolic syndrome in the past. These are as follows:

1. Elevated fasting TGLs [$150 mg/dL ($1.7 mmol/L)
or on medication]

2. Reduced HDL-C [,40 mg/dL (,1.0 mmol/L) in
men and ,50 mg/dL (,1.3 mmol/L) in women]

3. Elevated BP ($130 mmHg systolic or$85 mmHg
diastolic or on medication)

4. Elevated waist circumference (men $102 cm and
women $88 cm; except for East and South Asian
men $90 cm and women $80 cm)

5. Elevated glycemia (but not yet with T2DM) de-
fined by cutoffs for prediabetes according to fasting
blood glucose, oral glucose tolerance, and HbA1c.
Specific cutoffs include:

• fasting glucose$100 mg/dL ($5.6 mmol/L) and
,126 mg/dL (,7.0 mmol/L), or

• 2-hour oral glucose tolerance test (OGTT)
$140 mg/dL ($7.8 mmol/L), and ,200 mg/dL
(,11.0 mmol/L), or

• HbA1c $5.7% to 6.4%, or
• currently on oral drug treatment for elevated
glucose without diagnosis of diabetes mellitus
(DM)

The cutoffs for waist circumference are adjusted for
different ethnic populations, as East Asians and South
Asians have increased risk at smaller waist circumferences
(Table 1). TheWritingCommittee defines “metabolic risk”
in this document to be consistent with certain definitions of
the metabolic syndrome in individuals who are not yet
diagnosed with ASCVD or T2DM. This guideline focuses
on adults aged 40 to 75 years, for whom behavioral and
medical intervention can have the greatest impact.

1.1 In individuals aged 40 to 75 years in the office setting,
we suggest providers screen for all five components
ofmetabolic risk at the clinical visit. The finding of at
least three components should specifically alert the
clinician to a patient at metabolic risk (at higher risk
for ASCVD and T2DM) (2�sss).
Technical remark: The main components of
metabolic risk as defined in this guideline are (i)
elevated BP, (ii) increased waist circumference,
(iii) elevated fasting TGLs, (iv) low HDL-C, and
(v) elevated glycemia (Table 1). Elevated glycemia
should be determined either by HbA1c, fasting
glucose, or 2-hour glucose with a second test for

confirmation using a new blood sample. Testing
for additional biological markers [e.g., high-
sensitivity C-reactive protein (hsCRP)] associ-
ated with metabolic risk should be limited to
subpopulations. Additional biological markers
have been associated with metabolic risk. Evi-
dence that they provide an indication of metabolic
risk beyond routine measurements is limited.
Some measurements may have utility for deter-
mining the pattern or severity of metabolic risk but
must be considered optional based on clinical
judgment. Although these measures are not rec-
ommended for routine measurement, one or more
of them may be measured according to physician
discretion to confirm or clarify estimates of met-
abolic risk. This recommendation is specifically for
adults aged 40 to 75 years, those for whom the
interventions have the greatest impact and evidence
for efficacy. This does not restrict screening for
appropriate individuals outside of this age range,
especially those who are younger.

1.2 In individuals aged 40 to 75 years in the office
setting who do not yet have ASCVD or T2DM
and already have at least one risk factor, we
advise screening every 3 years for all five com-
ponents of metabolic risk as part of the routine
clinical examination (Fig. 1). (Ungraded Good
Practice Statement)

Evidence
The suggested time frames for screening most of the

components of metabolic risk are based on clinical
consensus, without established evidence from controlled
clinical studies. Importantly, the identification of in-
dividuals with prediabetes could allow those individuals
to be treated with lifestyle modification to prevent the
development of diabetes in the future (11, 12).

In the United States, ;35% of all adults and 50% of
those $60 years of age are reported to have metabolic
syndrome. In aFraminghamStudy cohort, 12.5%ofwomen
and 21.4% of men had metabolic syndrome without overt
ASCVD or T2DM (or metabolic risk as defined in this
document) according to the modified National Cholesterol
Education Program Adult Treatment Panel III (NCEP ATP
III) criteria (13, 14). When these individuals were reex-
amined 8 years later, the percentages increased to 23.6% for
women and 33.9% for men (after direct adjustment to the
baseline age), or by 47% and 56%, respectively (15). In the
Diabetes Prevention Program (DPP) study, 53% of subjects
with prediabetesmet theNCEPATP III criteria formetabolic
syndrome at baseline, and 61%of thosewho initially did not
meet the criteria in the placebo group met the criteria for
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metabolic syndrome after 3 years (16). Individuals with
prediabetes defined by both HbA1c and fasting plasma
glucose (FPG) criteria have a higher frequency of each of the
metabolic syndrome components compared with those with
prediabetes defined by either criterion alone (17).

Numerous analyses have established the ability of in-
dividual metabolic risk components to independently
predict risk for ASCVD and T2DM; however, few analyses
have studied the comparative effectiveness of individual
risk components (18). The major difference between the
2005 AHA/National Heart, Lung and Blood Institute
(NHLBI) definition (8) and the original International Di-
abetes Federation (IDF) definition of the metabolic syn-
drome (9) is that the former posited the presence of three
out of five possible components, whereas the latter required
that central obesity, as defined by waist circumference, be
present first before examining for the other components
(Table 1). Because some individuals at risk for ASCVD and
T2DM do not have obesity and a substantial number of
individuals with obesity may not be at higher risk, the
AHA/NHLBI definition identifies a better population for
further targeted screening for the risk for ASCVD and
T2DM. Using the AHA/NHLBI definition, the metabolic
syndrome is common and is associated with increased risk
for T2DM and ASCVD in both sexes, accounting for up to
half of new cases of T2DM and up to one-third of new
ASCVD cases during 8 years of follow-up (15).

Many studies have evaluated the metabolic syndrome
as a whole and its association with risk of ASCVD and

mortality (6, 19, 20). The most recent of these (20) was a
meta-analysis of 87 studies using various definitions of
the metabolic syndrome. The metabolic syndrome was
associated with an increased risk of ASCVD (RR, 2.35),
ASCVD mortality (RR, 2.40), all-cause mortality (RR,
1.58), MI (RR, 1.99), and stroke (RR, 2.27). Very little
difference in risk was found between each of the com-
monly used definitions of the metabolic syndrome, and
the estimates of ASCVD risk were consistently higher in
women than in men. When the outcomes were evaluated
in the absence of T2DM (a situation analogous to our
definition ofmetabolic risk), the metabolic syndromewas
still associated with a high risk for ASCVDmortality. The
prognostic value for ASCVD of adding T2DM to the
other elements of the metabolic syndrome remains a
subject of debate and needs further study. Additionally,
more research is needed to determine whether the
prognostic value of the metabolic syndrome exceeds the
sum of its individual components.

The metabolic syndrome, in its various definitions,
has a greater association with the development of T2DM
than with ASCVD. When Framingham Offspring Study
patients satisfying NCEP ATP III criteria for metabolic
syndrome were followed for up to 11 years, metabolic
syndrome criteria were found to increase the risk for
developing diabetes by sixfold, regardless of the degree of
insulin resistance (21).

A systemic review and meta-analysis (22) of 16 co-
horts using six different definitions of the metabolic

Figure 1. Flowchart for the assessment and treatment of metabolic risk.

3946 Rosenzweig et al Guidelines for Patients at Metabolic Risk J Clin Endocrinol Metab, September 2019, 104(9):3939–3985

D
ow

nloaded from
 https://academ

ic.oup.com
/jcem

/article-abstract/104/9/3939/5540926 by O
C

LC
 user on 01 August 2019



syndrome reported the RR of incident diabetes ranging
from 3.25 to 5.17, depending on the specific definition.
The RR was substantially higher in individuals with four
or more components of the metabolic syndrome than in
those with three components. Although elevated glyce-
mia is clearly a stronger predictor of diabetes than are
the other four components (23), whether the metabolic
syndrome provides any better prediction of diabetes
than fasting glucose alone is yet to be established (24).
However, others show that the metabolic syndrome
provides additional prediction beyond that provided by
IFG alone (23). As with ASCVD, more investigation is
needed to determine whether the five components of the
metabolic syndrome together provide better prediction of
T2DM than when evaluated individually.

The concept of the metabolic syndrome has been, and
continues to be, very useful to the medical community to
enhance awareness of risk clustering and to promote
thorough screening in individuals presenting with risk
factors for ASCVD and/or T2DM. However, focusing on
the metabolic syndrome should not divert attention from
other established ASCVD and T2DM risk factors, such
as smoking, LDL cholesterol (LDL-C), and family his-
tory, or from emerging risk factors, such as history of
preeclampsia or gestational diabetes. Therefore, the
concept of metabolic risk has maximal value when these
additional clinical factors are considered by a physician.

Some combination of subclinical abnormalities related
to insulin resistance/hyperinsulinemia/visceral obesitymay
signal a significant surplus of ASCVD risk that is not
predicted by the classic risk calculators [including the
ACC/AHA ASCVD risk calculator, the Framingham
coronary heart disease (CHD) risk score, the United
Kingdom Prospective Diabetes Study risk engine, and the
Prospective Cardiovascular Münster (PROCAM) risk
algorithm]. As long as the aim is to configure a “risk
syndrome” (25), all that matters is the ability of its
components to consistently and substantially contribute to
the identification of those who may be at risk for ASCVD
and T2DM. Although the currently available definitions
of the metabolic syndrome are not yet fully validated as
quantifiable predictors of risk, and more studies are
necessary to test their ability to predict ASCVD and
T2DM, these definitions can be used to identify more
susceptible populations for more intensive screening (18).

Many different biomarkers of ASCVD and/or T2DM
risk have been identified in addition to the five “classic”
components of metabolic syndrome, including uric
acid, apolipoprotein B, lipoprotein(a), adiponectin, lep-
tin, fasting insulin or proinsulin, free fatty acids,
homocysteine, the PAI-1 gene, fibrinogen, alanine ami-
notransferase as a marker of liver fat, hsCRP, inflam-
matory cytokines (e.g., IL-6), homocysteine, liver or

myocellular fat content by magnetic resonance spec-
troscopy, and microalbuminuria (in individuals without
diabetes). Some of these have also been identified as
markers of high diabetes risk (26). Emerging literature
also suggests genomic markers to predict T2DM and
ASCVD. However, the Writing Committee cannot rec-
ommend the measurement of these markers for routine
clinical practice until further research has been completed
(see “4. Further Research” below).

One example of a widely debated marker is hsCRP
(27). A high hsCRP level is indicative of a high ASCVD
risk. The therapeutic consequence may be that general
therapy to lower ASCVD risk should be initiated earlier
than would be done without an elevated hsCRP level
for a given Framingham risk score. In that case, measures
might need to be taken to decrease LDL-C and BP to
lower targets, but evidence to support specific lower
targets has not yet been identified.

Studies have addressed the issue of whether hsCRP
and other markers enhance the risk estimates of the
well-known risk scores/engines (28). They conclude that
adding hsCRP, or other novel risk markers, to more basic
risk models does not improve the prediction of ASCVD
risk, because most risk factors are interrelated and, by
themselves, do not have good predictive value. Therefore,
in a clinical setting, health care providers can rely on
simple, less expensive measures, such as asking about
family history, cigarette smoking, andmeasurements of BP
and serum lipids. This will identify those individuals at
highest ASCVD risk who will benefit the most from any
medical intervention to lower that risk (29). Screening for
high-sensitivity hsCRP may be beneficial in certain sub-
populations, as recommended by the AHA/ACC guide-
lines (30), but it is not recommended routinely.

1.3 To establish metabolic risk in the general pop-
ulation, we recommend that clinicians measure
waist circumference as a routine part of the
clinical examination. (1|���s)
Technical remark: This measurement does not
replace the routine measurement of weight or
calculation of body mass index (BMI), but it can
provide more focused information regarding risk
for ASCVD and T2DM [Fig. 2 (31)]. The Writing
Committee agrees that the cutoffs for elevated
waist circumference should be $102 cm for men
and $88 cm for women in white, African, His-
panic, and Native American populations (32).
TheWriting Committee agrees that the cutoffs for
waist circumference in Asian populations (both
East Asian and South Asian) should be $90 cm
for men and $80 cm for women.

doi: 10.1210/jc.2019-01338 https://academic.oup.com/jcem 3947

D
ow

nloaded from
 https://academ

ic.oup.com
/jcem

/article-abstract/104/9/3939/5540926 by O
C

LC
 user on 01 August 2019

http://dx.doi.org/10.1210/jc.2019-01338
https://academic.oup.com/jcem


Evidence
Numerous prospective observational studies have

indicated that waist circumference and waist-to-hip ratio
are better measures of central obesity and are better
predictors of risk for ASCVD and diabetes than is weight
or BMI (33). The Writing Committee advocates waist
measurement because of its ease of use in the clinical
setting when performed properly. Currently, waist cir-
cumference is rarely used by clinicians in the primary care
setting. Increased use would help identify those individ-
uals at higher risk who should receive further screening.
However, it should not replace weight measurement or
BMI, but should be complementary, because longitudinal
measurement of weight is important for following up any
major clinical interventions to treat obesity.

The Joint Interim Statement onmetabolic syndrome (10)
recognizes that the definition of elevated waist circumfer-
ence is variable among different populations and sug-
gests that for Europids (those of European descent), the
threshold for increased waist circumference is $94 cm in

men and $80 cm in women. For the US population, the
AHA/NHLBI defines elevated waist circumference as
$102 cm for men and $88 cm for women of non-Asian
ethnicity and as$90 cm formen and$80 cm forwomenof
South Asian and East Asian ethnicity [Table 2 (9, 34, 35)].
The “harmonized definition” of the metabolic syndrome,
published in 2009, allowed for different ethnic waist cir-
cumference cutoffs based on different local guidelines
without judging the relative merits.

Two important studies showed the rationale for using
different cutoff points of waist circumferences in people of
Asian descent. Tan et al. (36) found that a waist cir-
cumference cutoff of $90 cm in men and $80 cm in
women seems to be comparable to that in US adults in
terms of cardiometabolic risk. Alternatively, according to
the reports from the examination committee of criteria for
“obesity disease” in Japan, Japanese people with a visceral
fat area (VFA) of .100 cm2 have more than one obesity-
related disorder, such as hyperglycemia, dyslipidemia, and
hypertension. The correlation between VFA and waist
circumference in men and women showed that a waist
circumference of 85 cm in men and 90 cm in women
corresponds to a VFA of 100 cm2 (35). The Writing
Committee recognizes heterogeneity within Asian pop-
ulations (37, 38) and that East Asian and South Asian
populations may have significant differences in lipid in-
dices, fat mass as a proportion of BMI, and cardiovascular
morbidity. More studies are necessary to clarify these
differences before consensus on separate cutoffs for waist
circumference might be established for these specific
ethnic groups. Nevertheless, because of the considerable
ethnicity-based variation in standard waist circumference,
it is practical to use the ethnicity-specific values for waist
circumferences in the 2005 AHA/NHLBI definition of the
metabolic syndrome (8) until more specific data are
available. There are potential limitations of waist cir-
cumferences, especially in peoplewith BMI.35; however,
these limitations may be less marked in Asian populations.

Practicality in the clinical setting is an important de-
terminant of the use of waist circumference measure-
ment. The Writing Committee places a high value on the
need to identify risk for diabetes and ASCVD in ethnic
populations where the incidence is increasing especially
rapidly. Waist circumference can be easily measured in
the clinical setting according to the National Health and
Nutrition Examination Survey (NHANES) III protocol
(39). This protocol directs health care providers to first
identify and mark a bony landmark, the point at which
waist circumference is measured. The subject stands and
the examiner, positioned to the right of the subject,
palpates the upper hip bone to locate the right iliac crest.
Just above the uppermost lateral border of the right iliac
crest, a horizontal mark is drawn and then crossed with a

Figure 2. Measuring waist circumference according to National
Health and Nutrition Examination Survey III protocol (31).
[Reproduced from NHLBI Obesity Education Initiative Expert Panel
on the Identification, Evaluation, and Treatment of Obesity in Adults
(US). Clinical Guidelines on the Identification, Evaluation, and
Treatment of Overweight and Obesity in Adults: The Evidence
Report. Bethesda (MD): National Heart, Lung, and Blood Institute;
1998 Sep. Available at: http://www.ncbi.nlm.nih.gov/books/bv.fcgi?
rid5obesity.figgrp.237.]
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vertical mark on the midaxillary line. The measuring tape
is placed in a horizontal plane around the abdomen at the
level of this marked point on the right side of the trunk.
The plane of the tape is parallel to the floor, and the tape
is snug but does not compress the skin. The measurement
is made at a normal minimal respiration (Fig. 2). [Other
methods of measuring waist circumference have been
suggested (40) but are less widely adopted.]

1.4 In individuals previously diagnosed with pre-
diabetes, we suggest testing at least annually for
the presence of overt T2DM. (2|���s)
Technical remark: Prediabetes is defined in a variety
of ways (fasting plasma glucose, 2-hour plasma
glucose following a 75-g OGTT, or HbA1c) by
different organizations in different countries, and
the Writing Committee does not endorse prefer-
ential use of one definition over another [Table 3
(41–44)].

Evidence
The natural history of prediabetes can be defined in

terms of progression to T2DM. Most people with pre-
diabetes will eventually progress to diabetes (45), partic-
ularly without appropriate lifestyle modifications. Early
diagnosis of T2DM (with resulting earlier intervention)
should result in a decrease in duration-dependent diabetes-
related microvascular complications; however, direct data
are not available to determine whether this decrease oc-
curs. Published trials have not been sufficiently powered to
show a reduction in these hard outcomes. However, the
totality of evidence from the large number of diabetes
prevention trials among people with IFG/IGT supports the
hypothesis that early detection and treatment of predia-
betes can reduce the rate of progression to diabetes and
have beneficial effects on cardiovascular risk factors,

metabolic syndrome, risk of retinopathy, kidney disease,
quality of life, and health care costs.

FPG, 2-hour plasma glucose after a 75-g OGTT, and/
or HbA1c can be used for identifying elevated glycemia,
even though these tests may identify distinct and not fully
overlapping populations of patients with undiagnosed
diabetes and prediabetes.(46) The FPG test is automated
and inexpensive but reflects the glycemic state at only a
single time point. The OGTT is more sensitive but also
more time-consuming, costly, and variable than the FPG
test (47). However, some evidence suggests that the
OGTT is a better predictor for cardiovascular and all-
causemortality than FPG (48, 49). HbA1c is amore long-
term measure of glycemia with less sensitivity but also
less variability than glucose tests and can be performed in
the nonfasting state (50). There are also established in-
ternational standardization programs for HbA1c labo-
ratory assays. However, HbA1c is an indirect measure of
average blood glucose. Marked discrepancies between
measured HbA1c and plasma glucose levels may indicate
HbA1c assay interference due to Hb variants (i.e., he-
moglobinopathies), and an assay without analytic in-
terference should be used. In conditions associated with
increased red blood cell turnover (e.g., sickle cell disease
or hemodialysis), plasma blood glucose criteria should
be used to diagnose diabetes. Emerging data also sug-
gest that genetic variants such as glucose-6-phosphate
dehydrogenase deficiency, which increase the risk for
hemolysis and are more common in some ethnic back-
grounds, can have a significant impact on HbA1c levels
(51). Nevertheless, there is a strong, continuous associ-
ation between HbA1c and subsequent diabetes risk (52).
Within the HbA1c spectrum of prediabetes, the yearly
incidence of diabetes increases from;3%with an HbA1c
of 5.7% to;9.5%with anHbA1c of 6.5%. According to

Table 2. Recommended Waist Thresholds to Define Abdominal Obesity

Region/Ethnicitya Recommending Organization
Waist Circumference Threshold for

Abdominal Obesity

United States AHA/NHLBI $102 cm in men; $88 cm in womenb

Europe/Europids IDF $94 cm in men; $80 cm in women

Asia AHA/NHLBI IDF $90 cm in men; $80 cm in womenc

[Data derived from: Alberti, K. G., P. Zimmet, J. Shaw and I. D. F. Epidemiology Task Force Consensus Group (2005). “The metabolic syndrome—a new
worldwide definition.” Lancet 366(9491): 1059–1062; Grundy, S. M., J. I. Cleeman, C. N. Merz, H. B. Brewer, Jr., L. T. Clark, D. B. Hunninghake, R. C.
Pasternak, S. C. Smith, Jr. and N. J. Stone (2004). “Implications of recent clinical trials for the National Cholesterol Education Program Adult Treatment
Panel III guidelines.” Circulation 110(2): 227–239; Examination Committee of Criteria for ‘Obesity Disease’ in Japan; Japan Society for the Study of
Obesity. (2002). “New criteria for ‘obesity disease’ in Japan.” Circ J 66(11): 987–992.]
aData are not available for sub-Saharan Africans, Eastern Mediterranean and Middle East (Arab) populations, and ethnic South and Central Americans.
The IDF suggests using waist thresholds for Europe/Europids for populations in these regions (9).
bAHA/NHLBI guidelines indicated that waist thresholds of$94 cm in men and$80 cm in womenwere optional in persons who show clinical evidence of
insulin resistance (34).
cIn Japan, national recommendations for waist circumference thresholds for abdominal obesity are $85 cm in men and $90 cm in women (35).
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the American Diabetes Association, FPG, 2-hour plasma
glucose following a 75-g OGTT, and HbA1c are equally
appropriate to test for prediabetes or diabetes (41). Other
organizations, such as the World Health Organization,
also include HbA1c as an acceptable test for diabetes but
not for prediabetes (42, 53). Based on these data, the
Writing Committee suggests that people with prediabetes
be screened for diabetes annually.

1.5 We recommend that all individuals atmetabolic risk in
the office setting have their BPmeasured annually and,
when elevated, at each subsequent visit. (1|����)
Technical remark: BP should be measured after
5 minutes of rest. Table 4 provides detailed BP
measurement guidance. Ambulatory and/or home
BP monitoring, when performed correctly, is
recommended to confirm a diagnosis of hyper-
tension after initial screening.

Evidence
Anyone .18 years of age at metabolic risk with stage

1 hypertension (130 to 139/85 to 89mmHg), individuals
who are overweight or obese, and those of African
American descent should be screened at least annually for
hypertension. Screening should involve multiple readings
and confirmation outside the office setting (54, 55). Ei-
ther ambulatory or home BP measurement should be
used to confirm a diagnosis of hypertension and to assess
the presence of white-coat hypertension and masked
hypertension (54–57).

1.6 For individuals with elevated BP .130 mm Hg
systolic and/or.80 mmHg diastolic who are not
documented as having a history of hypertension,
we recommend confirmation of elevated BP on a
separate day within a few weeks or with a home
BP monitor. (1|����)

Evidence
Single BP readings are highly variable and depend on

multiple factors in the methodology used to measure
BP, in addition to the circumstance at the time of mea-
surement (e.g., rested, not rested, anxious). Out-of-office
measurement of BP can be helpful for confirmation and
management of hypertension. Among individuals with
hypertension, self-monitoring of BP, without other in-
terventions, has shown limited evidence for treatment-
related BP reduction and achievement of BP control
(58, 59). However, with the increased recognition of
inconsistencies between office and out-of-office BPs and
greater reduction in BP being recommended for hyper-
tension control, increased attention is being paid to out-of-
office BP readings, especially home BP monitoring (54).

There are specific guidelines for how tomeasure BP and
these are summarized in the ACC/AHA 2017 guidelines
on high BP (54) and elsewhere (60). The standards
indicate that a process be undertaken that requires time
and some diligence (Table 4). Office-based semiautomated
oscillometric BP is the conventional approach for diagnosing

Table 3. Definitions of Prediabetes (Intermediate Glycemia)

Organization

Prediabetes Category

Comments

IFG IGT High Risk for DM by A1c

(Fasting Glucose) (2-h OGTT) (HgA1c)

ADAa 100–125 mg/dL 140–199 mg/dL 5.7%–6.4% Any one of the three is sufficient
(5.6–6.9 mmol/L) (7.8–11.0 mmol/L) (39–46 mmol/mol)

WHO 2011b 110-125 mg/dL 140–199 mg/dL A1c is not recommended for diagnosis
of intermediate glycemia(6.1–6.9 mmol/L) (7.8–11.0 mmol/L)

IEC 2003c 100–125 mg/dL FPG lower threshold was revised
downward from previous 1997
report to include more individuals

(6.1–6.9 mmol/L)

IEC 2009d 6.0%–6.4% Restricted to higher risk group than ADA
definition for T2DM prevention(42–46 mmol/mol)

[Data derived from American Diabetes Association. Classification and Diagnosis of Diabetes: Standards of Medical Care in Diabetes. Diabetes Care 2019;
42(Suppl 1): S13–S28; World Health Organization. Use of glycated haemoglobin (HbA1c) in the diagnosis of diabetes mellitus: abbreviated report of a
WHO consultation. 2011. www.who.int/diabetes/publications/diagnosis_diabetes2011/en/index.html; and The Expert Committee on the Diagnosis and
Classification of Diabetes Mellitus. Follow-up Report on the Diagnosis of Diabetes Mellitus Diabetes Care 2003 Nov; 26(11): 3160–3167. https://doi.org/
10.2337/diacare.26.11.3160.]
a(41).
b(42).
c(43).
d(44).
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hypertension using themethodology outlined in Table 4. An
update to this approach evolved from both the Action to
Control Cardiovascular Risk in Diabetes (ACCORD) trial
(61) and the Systolic Blood Pressure Intervention Trial
(SPRINT) (62). Automated office BP, an average of multiple
readings (usually three to five) taken over a few minutes
using a fully automated device, ideally while the individual
rests quietly alone, was used in SPRINT (62, 63). If the
patient is alone when the readings are taken, the approach is
also useful for diagnosing white-coat hypertension. Auto-
mated office BP generates values 7 to 12 mmHg lower than
conventional office readings, and thus the results of trials
using this technique cannot be directly applied tomost office
practices (64–66).

2. Lifestyle and Behavioral Therapy

2.1 In individuals at metabolic risk, we recommend
that lifestyle modification be first-line therapy.
(1|����)

Technical remark: The Writing Committee
thinks that primary care providers, end-
ocrinologists, geriatricians, and cardiologists
should initiate discussions about the importance
of adopting a healthy lifestyle with all in-
dividuals at metabolic risk. These and other
relevant providers should encourage individuals
to join comprehensive programs led by trained
health professionals that support the adoption of
healthy lifestyles, including diet and physical ac-
tivity, aiming for moderate but sustained weight
loss.

Evidence
During the past 30 years, many studies have exam-

ined the effects of weight reduction, through diet
modification and increased physical activity, on the
development of T2DM in high-risk individuals (67–71).
These studies have been the subjects of numerous

Table 4. Checklist for Measuring BP Manually

Key Steps for Proper BP Measurements Specific Instructions

Step 1: Properly prepare the patient 1. Have the patient relax, sitting in a chair (feet on floor, back supported) for .5 min.
2. The patient should avoid caffeine, exercise, and smoking for at least 30 min prior to
measurement.

3. Ensure patient has emptied his/her bladder.
4. Neither the patient nor the observer should talk during the rest period or during the
measurement.

5. Remove all clothing covering the location of cuff placement.
6. Measurements madewhile the patient is sitting or lying on an examining table do not
fulfill these criteria.

Step 2: Use proper technique for BP
measurements

1. Use a BP measurement device that has been validated and ensure that the device is
calibrated periodically.

2. Support the patient’s arm (e.g., resting on a desk).
3. Position the middle of the cuff on the patient’s upper arm at the level of the right
atrium (the midpoint of the sternum).

4. Use the correct cuff size, such that the bladder encircles 80% of the arm and note if a
larger or smaller than normal cuff size is used.

5. Either the stethoscope diaphragm or bell may be used for auscultatory readings.

Step 3: Take the proper measurements
needed for diagnosis and treatment
of elevated BP/hypertension

1. At the first visit, record BP in both arms. Use the arm that gives the higher reading for
subsequent readings.

2. Separate repeated measurements by 1–2 min.
3. For auscultatory determinations, use a palpated estimate of radial pulse obliteration
pressure to estimate SBP. Inflate the cuff 20–30 mm Hg above this level for an
auscultatory determination of the BP level.

4. For auscultatory readings, deflate the cuff pressure 2 mm Hg per second and listen
for Korotkoff sounds.

Step 4: Properly document accurate
BP readings

1. Record SBP and DBP. If using the auscultatory technique, record SBP and DBP as
onset of the first Korotkoff sound and disappearance of all Korotkoff sounds,
respectively, using the nearest even number.

2. Note the time of most recent BP medication taken prior to measurements.

Step 5: Average the readings 1. Use an average based on $2 readings obtained on $2 occasions to estimate the
individual’s level of BP.

Step 6: Provide BP readings to patient 1. Provide patients the SBP/DBP readings both verbally and in writing.

See Whelton et al. (54).

Abbreviations: DBP, diastolic BP; SBP, systolic BP.

[Reprinted with permission Hypertension.2018;71:1269–1324©2018 American Heart Association, Inc.]
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reviews and meta-analyses (72). The landmark trials—the
Da Qing Study (69), the Finnish Diabetes Prevention
Study (71), and theDPP in the United States (11)—have all
demonstrated that lifestyle interventions including diet
and/or physical activity aiming at weight reduction in
high-risk individuals significantly decrease the risk of
progression to T2DMby 30% to 58%after 3 to 6 years of
intervention. Longer-term follow-ups have also demon-
strated reductions in the development of T2DM and
ASCVD over decades after the end of the intervention
periods (12, 73, 74).

In the Da Qing Study, the progression of IGT to
diabetes during 6 years was significantly lower in all
three intervention groups than in the control group:
44% in the diet-only group, 41% in the exercise-only
group, and 46% in the combined diet and exercise
group, compared with 68% in the control group. Long-
term follow-up of the participants found that after 23
years of follow-up, 89.9% of the control group had
developed diabetes compared with 72.6% in the in-
tervention groups, demonstrating a long-term beneficial
effect of lifestyle intervention programs (73). Additionally,
ASCVD mortality was significantly reduced in the in-
tervention groups, being 11.9% compared with 19.6% in
the control group (73). This study provides convincing
evidence for the long-term benefits of lifestylemodification
programs in people with prediabetes to decrease the long-
term risks of T2DM development and death due to
ASCVD.

In the Finnish Diabetes Prevention Study (71),
overweight individuals with IGT were randomized to
usual care or to an individualized lifestyle modification
program that emphasized weight reduction of $5% by
reduced caloric intake, decreased intake of dietary fat
and saturated fats, increased fiber intake, and the ad-
dition of 4 hours per week of moderate-intensity ex-
ercise. At 1 year, the intervention group had a mean
weight loss of 4.2 kg (;5%) compared with only 0.8 kg
(1%) in the control group. After a mean of 3.2 years of
follow-up, the risk of developing T2DM was decreased
by 58% in the intensive lifestyle modification group.
Moreover, in subjects who exceeded the weight loss
goal of 5%, the risk reduction was 74%, and in those
who exceeded the exercise goal of 4 hours per week, the
RR reduction was 80%. In follow-up studies performed
13 years after assignment to intervention, the risk of
developing T2DM was still significantly reduced by
almost 40% in individuals initially randomized to the
intervention compared with that in the control group
(74). Notably, the risk of developing T2DM was
eliminated in the individuals who achieved all five
lifestyle goals: none of these individuals developed
T2DM during 7 years of follow-up (75, 76).

The DPP (11) randomized individuals with IGT to:
(i) an intensive lifestyle modification intervention, (ii)
treatment with metformin, or (iii) placebo. One of the
goals for the group receiving the intensive lifestyle
modification intervention was to lose $7% of body
weight (77). Lifestyle modification emphasized re-
ducing caloric intake, principally by reducing fat
to ,25% of energy, decreasing saturated fats, in-
creasing dietary fiber, and increasing physical activity
to at least 150 minutes per week of moderate-intensity
exercise equivalent to brisk walking (16). After a
mean study time of 2.8 years, the intensive lifestyle
modification intervention group decreased the risk of
developing diabetes by 58% compared with the
placebo-treated control group. The intensive lifestyle
modification intervention was also significantly more
effective than treatment with metformin, which re-
duced the risk of diabetes by 31% (11, 78). No dif-
ferences in the efficacy of the lifestyle or metformin
programs were found among the various racial and
ethnic groups or between men and women. However,
the effectiveness of metformin was greatest in the
younger age group and in those with a BMI .36 kg/
m2. Conversely, the lifestyle program was most ef-
fective in the older participants. Fifteen years of follow-up
of DPP participants showed that the beneficial effects
of metformin and lifestyle intervention were still sig-
nificant compared with those of the control group,
with reductions in the incidence of diabetes of 18% and
27%, respectively (12). Similar to the findings in the Da
Qing Study and Finnish Diabetes Prevention Study,
these results demonstrate the long-term benefits of
lifestyle modification focusing on weight reduction,
increased physical exercise, and a healthy diet to
reduce the development of diabetes in high-risk
populations.

In the DPP, 53% of subjects met the NCEP ATP III
criteria for the metabolic syndrome at baseline. Post
hoc analyses found that ;60% of the subjects in the
control group who did not have metabolic syndrome
at baseline developed the syndrome during 4 years.
Metformin treatment reduced the risk by 17%, and
the intensive lifestyle modification intervention de-
creased it by 41%. Furthermore, the intensive lifestyle
modification intervention resulted in a reversal of
metabolic syndrome in 38% of subjects who had
metabolic syndrome at baseline, whereas reversal
occurred in 18% of similar subjects in the control
group (16).

The DPP report focusing on cardiovascular risk
factors (79) found that hypertension was present in
30% of subjects at baseline. During 3 years, BP in-
creased in the placebo- and metformin-treated groups
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but significantly decreased in the group receiving the
intensive lifestyle modification intervention. Serum
TGLs decreased in all groups but to a significantly
greater extent in the intensive lifestyle modification
intervention group. This group also had significantly
increased HDL-C levels and decreased small dense
LDL-C. After 3 years, the quantity of medications used
to control BP and dyslipidemia was reduced by 25% to
28% in the group receiving intensive lifestyle modifi-
cation intervention. To date, the long-term effects of
the DPP intensive lifestyle modification program or
treatment with metformin on the incidence of car-
diovascular events cannot be determined because of the
low number of events.

2.2 For individuals at metabolic risk with excess
weight (defined by BMI and/or waist circumfer-
ence), we recommend that comprehensive pro-
grams to support the adoption of a healthy
lifestyle should aim to achieve a weight loss
of $5% of initial body weight during the first
year. (1|����)
Technical remark:Maintenance of weight loss by
adoption of sustainable healthy behaviors should
be encouraged with continuing support of pri-
mary providers and/or extended programs.

Evidence
Convincing evidence from well-conducted RCTs in-

dicates that weight reduction of $5% of initial body
weight in subjects who are overweight with metabolic
risk is effective in decreasing the development of T2D and
reducing multiple ASCVD risk factors, such as lowering
BP and improving lipid profiles [Table 5 (69, 80–84)]. In
general, weight loss programs included in diabetes pre-
vention trials were designed to achieve a negative energy
balance of 500 to 1000 kcal/d, causing a weight loss of 1
to 2 pounds/wk (0.5 to 1.1 kg/wk). In the DPP study, the
lifestyle intervention group had a mean weight loss of
;7 kg at year 1 and then regained some weight, resulting
in a mean weight loss of;4 kg after 3 to 4 years of active
intervention (77).

In DPP participants, weight loss was the most im-
portant predictor of reduction in diabetes incidence: for
every kilogram of weight loss in DPP participants, there
was a 16% reduction in risk of developing diabetes,
adjusted for changes in diet and activity (85). The benefits
for diabetes prevention of moderate weight loss in in-
dividuals with prediabetes have been shown in many
trials of nonpharmacologic weight loss interventions,
which have been summarized in previous systematic
reviews (86). According to an NHLBI systematic re-
view published in 2013, an average weight loss (and

maintenance) of 2.5 to 5.5 kg over $2 years reduces the
risk of developing T2DM by 30% to 60% in adults who
are overweight and obese at high risk of diabetes (80). A
recent systematic review of trials targeting primary pre-
vention of ASCVD estimated that weight loss of 5% to
10% of initial weight during 12 to 24 months was asso-
ciated with a reduction in fasting glucose of ;0.2 mmol/L
and a reduction in HbA1c of ;0.6 percentage points (81).

Moderate weight loss has also consistently been shown
to improve the lipid profile in individuals atmetabolic risk.
In the DPP study, weight loss during the first 2 years of
intervention was the strongest predictor of improvement:
for example, each kilogram of weight loss was associated
with a reduction in TGL levels of 2.27 mg/dL (0.57 mmol/
L) (87). The 2013 NHLBI systematic review stated that
there is a dose-response relationship between the amount
of weight loss achieved by lifestyle intervention and the
improvement in lipid profile in individuals who are
overweight or obese (80). Their assessment of the evidence
highlighted the benefits of a reduction in TGLs (estimated
at ;15 mg/dL or 0.17 mmol/L) with only 3 kg of weight
loss, whereas weight loss of 5 to 8 kgwas associatedwith a
reduction in LDL (estimated at;5mg/dL or 0.13mmol/L)
and an increase in HDL (estimated at;2 to 3 mg/dL or 0.5
to 0.8 mmol/L), leading to a more favorable cardiovascular
profile. The recent systematic review of trials in primary
prevention ofASCVDbyZomer et al. (81) reported a similar
effect of moderate weight loss (5% to 10% during 12 to
24 months) on TGL levels (216 mg/dL or 0.18 mmol/L)
and a slightly greater impact on LDL (210 mg/dL or 0.26
mmol/L) and total cholesterol (217mg/dL or 0.43mmol/L).
However, their meta-analysis reported a nonsignificant
effect on HDL (10.5 mg/dL or 0.13 mmol/L).

Moderate weight loss has a significant benefit on
reductions in BP. In the DPP study, for every kilogram of
weight loss during the 2 first years of intervention, sys-
tolic BP was reduced by 0.3 mm Hg (87). In the NHLBI
systematic review, a 5% weight loss was associated with
estimated reductions of 3 mm Hg in systolic BP and of
2 mm Hg in diastolic BP (80). The systematic review by
Zomer et al. (81) provided similar effect estimates for
studies of 6 to 12 months and slightly lower estimates for
longer-term studies. In summary, ample evidence from
multiple well-conducted RCTs, meta-analyses, and sys-
tematic reviews indicates that moderate weight loss of
5% or more results in significant benefits for diabetes
prevention, reduction in hyperglycemia, reduction in BP,
and improvement in lipid profiles associated with better
cardiovascular health.

Maintenance of weight loss remains a challenge
for many individuals. In the DPP and other diabetes
prevention trials, a slow weight regain occurred
after the first year of intervention, despite ongoing

doi: 10.1210/jc.2019-01338 https://academic.oup.com/jcem 3953

D
ow

nloaded from
 https://academ

ic.oup.com
/jcem

/article-abstract/104/9/3939/5540926 by O
C

LC
 user on 01 August 2019

http://dx.doi.org/10.1210/jc.2019-01338
https://academic.oup.com/jcem


engagement with interventionists (11, 71, 86). In the
DPP study, achieving the goal of 150 minutes per week
of physical activity and dietary self-monitoring was
associated with a greater chance of maintaining weight
loss during the course of the active study (;3 years)
(88). Successful weight loss and weight maintenance
depend on high adherence to lifestyle intervention
components, which include dietary changes, physical
activity goals, consistent self-monitoring of targeted
behaviors, and contacts with trained interventionists
(individual and/or group sessions) (89). Strategies that
improve adherence to lifestyle interventions for weight
loss include (i) continuous support from health pro-
fessionals and/or peers, (ii) teaching self-regulating
skills through enhancement of self-monitoring, (iii)
facilitating dietary routine by using meal replacements
or interventions providing meals, and (iv) varying
physical activity prescription in dose, intensity, or style
(89). Ideally, comprehensive behavioral programs that
support lifestyle changes in individuals at high meta-
bolic risk should provide long-term support after the
active phase of weight loss (usually 6 to 12 months);
however, it is clearly costly and logistically challenging
to do so. With or without long-term support from

comprehensive programs, primary care providers
should ensure regular support (during and after
the weight loss phase) to monitor and set behavioral
goals, reinforce positive behavioral changes, facilitate
problem-solving when relapses occur, and reach out to
other health care professionals, when appropriate, for
support.

2.3 In individuals at metabolic risk, we recom-
mend prescribing a cardiovascular-healthy diet.
(1|���s)
Technical remark: Providers can offer dietary
recommendations based on common components
of healthy cardiovascular dietary patterns [Table
6 (90)] to all individuals at metabolic risk. Spe-
cific dietary changes according to individual risk
profiles could be supported with the help of a
nutrition specialist in addition to the primary care
provider.

Evidence
During the last few decades, the field of nutrition for

prevention of ASCVD has moved from a macronutrient
approach (e.g., targeting only fats or carbohydrates)

Table 5. Effect of Lifestyle Components on Metabolic Parameters

Intervention Glycemic/Diabetes Effect BP Effect Lipids Effect

Moderate weight loss $5% of
initial weight (recommendation
2.2)

30%–60% reduction in diabetes
incidence (80)

BP reduction about 3/2
mm Hg (80, 81)

• Reduction in TGL (80, 81):
15–16 mg/dL (0.17–0.18 mmol/L)

Effect on glycemic indices (81):
• Reduction in HbA1c ;0.6 U

• Reduction in LDL (80, 81):
5–10 mg/dL (0.13–0.26 mmol/L)

• Reduction in fasting glucose
;0.2 mmol/L (3.6 mg/dL)

• Increase in HDL (80, 81):
4–31 mg/dL (0.1–0.8 mmol/L)

Healthy cardiovascular dietary
patterns (recommendation 2.3)

Reduction 18%–40% in diabetes
incidence (Mediterranean
diet) (82)

BP reduction up to 6/3
mm Hg (based on
DASH diet) (80)

Trans fat: repeatedly associated
with adverse lipid profile (80)

DASH diet: lower LDL and total
cholesterol (80)

Mediterranean diet: inconsistent
findings (80)

Active lifestyle (recommendation
2.4)

Reduction of up to 65% in
diabetes incidence (69, 83)

BP reduction about
2–5/1–4 mm Hg
(80, 84)

Reduction in LDL ;3.0–6.0 mg/dL
(0.08–0.16 mmol/L) (80)

Note that ranges are taken from systematic reviews and meta-analyses as listed below.

[Data derived from: Lifestyle Work Group (2013). Lifestyle Interventions to Reduce Cardiovascular Risk: Systematic Evidence Review from the Lifestyle
Work Group, National Heart, Lung, and Blood Institute; Zomer, E., K. Gurusamy, R. Leach, C. Trimmer, T. Lobstein, S. Morris, W. P. James, and N. Finer
(2016). “Interventions that cause weight loss and the impact on cardiovascular risk factors: a systematic review and meta-analysis.” Obes Rev 17(10):
1001–1011; Salas-Salvado, J., M. Bullo, R. Estruch, E. Ros, M. I. Covas, N. Ibarrola-Jurado, D. Corella, F. Aros, E. Gomez-Gracia, V. Ruiz-Gutierrez, D.
Romaguera, J. Lapetra, R. M. Lamuela-Raventos, L. Serra-Majem, X. Pinto, J. Basora, M. A. Munoz, J. V. Sorli and M. A. Martinez-Gonzalez (2014).
“Prevention of diabetes withMediterranean diets: a subgroup analysis of a randomized trial.”Ann InternMed 160(1): 1–10; Pan, X. R., G.W. Li, Y. H. Hu,
J. X.Wang,W. Y. Yang, Z. X. An, Z. X. Hu, J. Lin, J. Z. Xiao, H. B. Cao, P. A. Liu, X. G. Jiang, Y. Y. Jiang, J. P.Wang, H. Zheng, H. Zhang, P. H. Bennett, and B.
V. Howard (1997). “Effects of diet and exercise in preventing NIDDM in people with impaired glucose tolerance. The Da Qing IGT and Diabetes Study.”
Diabetes Care 20(4): 537–544; Laaksonen, D. E., J. Lindstrom, T. A. Lakka, J. G. Eriksson, L. Niskanen, K.Wikstrom, S. Aunola, S. Keinanen-Kiukaanniemi,
M. Laakso, T. T. Valle, P. Ilanne-Parikka, A. Louheranta, H. Hamalainen, M. Rastas, V. Salminen, Z. Cepaitis, M. Hakumaki, H. Kaikkonen, P. Harkonen, J.
Sundvall, J. Tuomilehto, and M. Uusitupa (2005). “Physical activity in the prevention of type 2 diabetes: the Finnish diabetes prevention study.” Diabetes
54(1): 158–165; and 2018 Physical Activity Guidelines Advisory Committee (2018). “2018 Physical Activity Guidelines Advisory Committee Scientific
Report.” Washington, DC: U.S. Department of Health and Human Services 2018.]
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toward promoting specific dietary patterns based on
scientific evidence and with the hope of more effectively
reaching the overall population, including health care
providers. The United States Department of Agriculture
(USDA)’s Nutrition Evidence Library conducted a series
of systematic reviews and released their report in 2014
(90), providing evidence supporting the 2015 to 2020
Dietary Guidelines for Americans (91). Based on their
systematic review, the USDA Nutrition Evidence Li-
brary concluded that “there is strong and consistent
evidence that in healthy adults increased adherence to
dietary patterns scoring high in fruits, vegetables, whole
grains, nuts, legumes, unsaturated oils, low-fat dairy,
poultry, and fish; low in red and processed meat, high-
fat dairy, and sugar-sweetened foods and drinks; and
moderate in alcohol is associated with decreased risk of
fatal and nonfatal cardiovascular diseases, including
CHD and stroke. (Grade: I – Strong)” (90). This dietary
pattern is consistent with the definition of the Medi-
terranean diet pattern used in most studies but also
includes many components of what has been defined as
the “Healthy Eating Index” diet quality measurement
tool (92).

One of the major trials that has helped advance the
field of nutrition in cardiovascular primary prevention is
the Prevention With Mediterranean Diet (PREDIMED)
study. The initial trial results published in 2013 (93) were
retracted for irregularities in the randomization process;
however, the authors reanalyzed their data and provided
revised results in 2018 (94). In its revised analysis,
PREDIMED remains the first long-termmulticenter RCT
testing the impact of the Mediterranean diet on the in-
cidence of ASCVD events in men and women at meta-
bolic risk. The trial was conducted in Spain and tested the
traditional diet consumed around the Mediterranean
basin described as a frugal diet with most of the com-
ponents listed in Table 6.

The PREDIMED study participants had no previous
episodes of ASCVD but were considered at high risk of
ASCVD based on the presence of three or more risk
factors (smoking, overweight or obesity, hyperten-
sion, dyslipidemia, and family history of early-onset
ASCVD) or having T2DM. PREDIMED included
7447 subjects, and of these, ;70% had dyslipidemia,
80% had hypertension, and 50% had T2DM (94).
Participants were randomized into one of three diet
groups: (i) Mediterranean diet supplemented with extra-
virgin olive oil (EVOO); (ii) Mediterranean diet sup-
plemented with nuts; and (iii) control diet (advice on a
low-fat diet).

The rate of new ASCVD events (MI, stroke, or death
from ASCVD causes) was reduced in both Mediterra-
nean diet arms by;30% over a median time of 4.8 years

of follow-up (93). The revised intention-to-treat analysis
accounting for intracluster correlations or using pro-
pensity scores for adjustment in baseline variables (be-
cause of issues in randomization) demonstrated the same
effect size of 30% reduction in risk (94). The Mediter-
ranean diet prevented new ASCVD events equally in men
and women, in older and younger individuals, in people
with and without a family history of ASCVD, in smokers
and nonsmokers, and in people with and without diabetes
at baseline (93). The effect was greater in subgroups with
hypertension, dyslipidemia, or BMI.30 kg/m2 compared
with the lesser risk categories at baseline.

Individuals who started PREDIMED fulfilling the
metabolic syndrome diagnostic criteria (10) were more
likely to reverse their metabolic syndrome status over a
period of.4 years of follow-up when they were enrolled
in one of the Mediterranean diet arms. This reversal was
mainly driven by improvements in glycemia and waist
circumference (95).

Dietary approach for diabetes prevention
In PREDIMED participants without diabetes at

baseline, the Mediterranean diet with EVOO reduced
the risk of developing T2DM by 40%, although the
reduction in T2DM incidence was more modest in the
Mediterranean diet with nuts (;18%) (83). This latter
report from PREDIMED was not part of the USDA
Nutrition Evidence Library review (released in early
2014), which concluded at the time that the evidence on
dietary patterns and reduction in T2DMwas still limited
or inconsistent (90). Historically, both the DPP and the
Finnish Diabetes Prevention Study used a diet with 25%
of energy from fat (7% from saturated fats) and in-
creased amounts of fiber. However, untangling the ef-
fect of specific dietary components from the overall
lifestyle behavioral intervention and weight loss ef-
fect is difficult, especially because weight loss was
the most important predictor of reduction in diabetes
incidence (85).

Table 6. Components of Healthy Cardiovascular
Dietary Patterns

Rich in Moderate in Low in

Vegetables Alcohol Red and processed meat
Fruits High-fat dairy
Whole grains Sugar-sweetened foods
Nuts Sugar-sweetened drinks
Legumes Sodium
Unsaturated oils
Low-fat dairy
Poultry
Fish

See United States Department of Agriculture (90).
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Dietary approach for reduction in BP
According to the NHLBI systematic review, reducing

sodium intake lowers BP independently of sex, age, and
race, and it shows a greater effect in people with hy-
pertension (80). The USDA and AHA recommend that
sodium intake be limited to 2300 mg/d in most healthy
individuals and 1500 mg/d in people with prehyper-
tension or hypertension, which include most individuals
at metabolic risk. Simply counseling individuals to reduce
sodium intake leads to a reduction in BP by 3 to 4/1 to
2 mm Hg, empowering health care providers to talk
about dietary sodium in their daily practice (80). Pro-
viders should remind their patients that adding salt to the
food on their plate contributes only a small amount to
their daily sodium intake. Even more sodium is in-
trinsically part of many prepared foods and conservation
processes (e.g., canned vegetables and soups, frozen
meals). Sodium is found in high amounts in many foods,
including pizza, tacos, burgers, sandwiches, soups, rice,
and pasta dishes, as well as meat, poultry, seafood,
condiments, and sauces.

A Dietary Approaches to Stop Hypertension (DASH)
dietary pattern results in lower BP, and the evidence was
summarized in both the NHLBI 2013 systematic review
report (strength of evidence high) (80) and USDA Nu-
trition Evidence Library 2014 systematic review (grade 1,
strong) (90). A dietary pattern consistent with the DASH
diet is rich in fruits, vegetables, low-fat dairy, fish, whole
grains, fiber, potassium, and other minerals at recom-
mended levels and low in red and processed meat, sugar-
sweetened foods and drinks, saturated fat, cholesterol,
and sodium. The USDA review concluded that a DASH
diet lowers systolic BP by ;5 to 6 mm Hg and diastolic
BP by;3mmHg compared with a typical American diet,
benefiting both men and women, independently of age,
race, and hypertensive status.

Adopting a Mediterranean dietary pattern may re-
sult in a small benefit on BP, mainly diastolic. In the
PREDIMED study, after 4 years, the mean systolic and
diastolic BP decreased in participants in all three
groups, but the diastolic BP was slightly lower in the
Mediterranean diet arms (;1.5 mm Hg lower for a
Mediterranean diet plus EVOO and ;0.65 mm Hg
lower for a Mediterranean diet plus nuts) (96). In-
consistent results regarding the impact of the Medi-
terranean diet on BP were reported in previous studies
and systematic reviews (80, 90). Additional informa-
tion on this topic is presented in recommendation 3.7
and see Table 10.

Dietary approach for reduction in lipids
USDA 2015 Dietary Guidelines (91) recommend

limiting the amount of saturated fat intake (maximum

10% of total caloric intake) and avoiding trans fats
(limiting to as low as possible). Saturated fats are found
in animal products (e.g., meat, dairy), and the main
sources of saturated fats include mixed dishes, such as
burgers, sandwiches, tacos, pizza, rice or pasta dishes,
and meat, poultry, and seafood dishes. Artificial trans-
fatty acids are produced by a process called hydroge-
nation and are used in somemargarines, snack foods, and
prepared desserts often as a replacement for saturated
fatty acids. Although food manufacturers and restau-
rants have reduced the amounts of artificial trans fats in
many foods in recent years, these fats can still be found
in some processed foods, such as some desserts, mi-
crowave popcorn, frozen pizza, and coffee creamers.
Trans fats have been repeatedly associated with the
development of unfavorable lipid profiles and higher
ASCVD risk (80, 97).

Numerous controlled feeding studies have assessed the
impact of different fats and replacement by other mac-
ronutrients on lipid profiles (Table 7), as reported by the
NHLBI 2013 systematic review (80). Overall, health care
providers should recommend diets that are low in sat-
urated and trans fats and rich in monounsaturated and
polyunsaturated fatty acids and should choose carbo-
hydrates classified as complex (whole grain, fiber-rich).
However, this evidence is hard to translate into day-to-
day practice and terms that individuals easily understand
and can apply consistently in their daily life.

Evidence shows that a DASH diet lowers LDL com-
pared with a typical American diet (80, 90). In contrast,
the evidence related to theMediterranean diet’s impact on
the classic clinical lipid profile is unclear. The NHLBI
2013 systematic review reported “no consistent effect
on LDL, HDL, or TGL levels” from trials studying a
Mediterranean diet. The USDA systematic review (March
2014) did not reach any conclusion concerning the effect
of a Mediterranean diet on blood lipid levels (80, 90).
Recent reports from the PREDIMED study reported a
potential cardiovascular protective profile related to the
size of HDL and LDL particles (98), function of HDL (99),
and oxidative profile of LDL (100) after 1 year on a
Mediterranean diet. However, in line with the NHLBI
and USDA systematic reviews on clinical lipid profiles
(80, 90), individuals in both Mediterranean diet arms of
PREDIMED showed no significant improvements in
hypertriglyceridemia or low HDL levels [defined as com-
ponent criteria of the metabolic syndrome (10)] compared
with those in the low-fat control diet arm (95).

2.4 In individuals at metabolic risk, we recom-
mend prescribing daily physical activity, such as
brisk walking, and reduction in sedentary time.
(1|���s)
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Technical remark: Providers should encourage all
individuals at metabolic risk to adopt an active
lifestyle by walking and reducing the amount of
time in sedentary activities. Structured activity
programs may be added with the help of an ex-
ercise specialist for appropriate individuals.

Evidence

Physical activity and diabetes prevention
Among the diabetes prevention trials, the Da Qing

Study directly compared exercise, diet, and a combina-
tion of diet and exercise (69). The exercise intervention
(alone or in combination) mainly emphasized walking
as a leisure activity and generally encouraged participants
to increase their activity levels by at least “1 unit” per
day, which was equivalent to 30minutes of mild intensity
(such as walking slowly, housecleaning), 20 minutes of
moderate intensity (such as brisk walking, cycling), 10
minutes of strenuous activity (jogging, climbing stairs),
or 5 minutes of very strenuous activity (jumping rope,
basketball). The Da Qing Study showed a significant
reduction of 46% in diabetes incidence during 6 years in
the exercise-only arm, which was comparable to the
other arms (a slightly greater reduction effect, yet not
significantly greater than that of the other arms) (69).

In the US-based DPP study, participants in the lifestyle
arm were encouraged to engage in physical activity of
moderate intensity, such as brisk walking, for at least 150
minutes per week, and 74% of participants had achieved
that goal at the end of the 24-week initial phase of in-
tervention (11). The DPP lifestyle participants achieved a
mean activity level of 208 minutes per week after 1 year
and sustained a mean of 189 minutes per week at the end
of the active intervention study period (median, 2.8
years). Although weight loss was the dominant predictor
of diabetes risk reduction, DPP lifestyle participants
with the highest levels of physical activity were more

successful with long-term weight loss (85). Moreover,
among the subgroup of lifestyle participants not meeting
the weight loss goal after 1 year, those who achieved the
physical activity goal of .150 minutes per week had
44% lower diabetes incidence (85).

Similarly, in the Finnish Diabetes Prevention Study,
participants who met their physical activity goal but
did not meet the weight loss goal had a significant
reduction in diabetes incidence (71). Specifically, in-
creases in moderate-to-vigorous leisure time physical
activity and in strenuous, structured leisure time physical
activity resulted in 63% to 65% reductions in diabetes
risk, even after adjustment for changes in weight (83).

The recent 2018 Physical Activity Guidelines Advi-
sory Committee Scientific Report (84) also concludes that
physical activity reduces diabetes risk and estimates that
150 to 300 minutes per week of moderate-to-vigorous
physical activity leads to a 25% to 35% reduction in the
risk of developing diabetes. The report noted that the
relationship between activity level and diabetes risk re-
duction is a curvilinear slope, with greater benefits from
increased physical activity being accrued by individuals
who previously had low physical activity levels or who
were considered inactive. No lower threshold for benefits
was identified.Moreover, the report stated that increased
time spent in sedentary behaviors is associated with a
higher risk of developing type 2 diabetes (84).

Physical activity, BP, and lipids
Both the 2013 report from the NHLBI (80) and the

2018 Physical Activity Guidelines Advisory Committee
Scientific Report (84) provided “strong evidence” that
physical activity lowers BP and reduces the risk of in-
cident hypertension based on multiple systematic reviews
and meta-analyses. In individuals with prehypertension,
these meta-analyses reported a reduction of ;2 to 5 mm
Hg for systolic BP and ;1 to 4 mm Hg for diastolic
BP with regular physical activity. In individuals with

Table 7. Nutrient Action

Nutrient Action LDL-C HDL-C TGLs

Replacing saturated fats with polyunsaturated or monounsaturated fatty
acids

Lower Higher

Replacing saturated fats with polyunsaturated fatty acids Lower

Replacing saturated fats with carbohydrates Lower Higher Higher

Replacing trans fat with monounsaturated or polyunsaturated fatty acids Lower Higher Lower

Replacing carbohydrates with monounsaturated or polyunsaturated fatty
acids

Lower Higher Lower

Adding polyunsaturated fatty acids Lower Lower

Adding monounsaturated fatty acids Higher

See Lifestyle Work Group (80).
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hypertension, the estimated effect is greater (;8.3/
5.2 mm Hg lower) with aerobic exercise (84). The 2013
report from the NHLBI revealed that the typical in-
terventions shown to be effective for lowering BP were of
at least 12 weeks’ duration, supporting three to four
sessions of aerobic physical activity per week, lasting on
average 40 minutes per session, and involving moderate-
to vigorous-intensity physical activity (80). The 2018
NHLBI scientific report now highlights that aerobic and
dynamic resistance exercise may be equally effective in
reducing BP at a lower volume of physical activity. As
with diabetes risk, the benefits to BP of increasing
physical activity are greater in individuals starting at low
levels of physical activity (84).

The 2013 NHLBI systematic review also reported that
aerobic physical activity reduces LDL-C by an average
of 2.5 to 6.0 mg/dL and non–HDL-C by an average of
6.0 mg/dL (80). In contrast, they reported that they did
not find a consistent effect of aerobic activity on TGLs
and HDL-C. Finally, the NHLBI reported that resistance
training reduces LDL-C, TGLs, and non–HDL-C by 6 to
9 mg/dL on average and reported no consistent effect on
HDL-C.

Additional information on this topic is presented in
recommendation 3.7 and see Table 10.

Physical activity and ASCVD incidence
The 2018 Physical Activity Guidelines Advisory

Committee Scientific Report (84) stated that an increased
amount of physical activity is associated with a lower
incidence of ASCVD and lower ASCVDmortality. Based
on the most updated evidence, the 2018 NHLBI scientific
report continues to support the previously recommended
levels of $150 minutes of at least moderate levels of
physical activity. Individuals at an initially low level of
physical activity receive greater benefits, with no lower
(or upper) threshold. The benefits continue to accrue with
additional physical activity, but there is no clear optimal
amount. The report indicated that increased time spent in
sedentary behavior is associated with a higher risk of
incident ASCVD.

Gaps in physical activity research
This guideline Writing Committee, and other groups

(80, 84, 101), have noticed a lack of high-quality
interventional studies investigating the effect of physi-
cal activity in the primary prevention of ASCVD with
long-term follow-up on actual ASCVD outcomes. Many
interventional studies have investigated the inclusion of
aerobic activity and/or resistance training as part of
leisure time, but interventional studies are needed that
will investigate other components of active behav-
iors such as transportation, occupational activities, and

reductions or interruptions in (84) sedentary time. It is
hoped such studies will include both intermediate risk
factors and outcomes such as diabetes and ASCVD
events.

Other lifestyle issues

Tobacco. Tobacco consumption is a well-established
cause of ASCVD. Many observational prospective
studies and meta-analyses of cohort studies have also
supported a link between tobacco and the risk of de-
veloping diabetes (102, 103). Thus, primary prevention
of ASCVD and diabetes should undoubtedly include
counseling on smoking cessation and avoidance of
tobacco. The 5As-type counseling approach has dem-
onstrated positive outcomes (104). This approach de-
lineates five counseling steps that a provider can complete
in a few minutes: (i) Assess the risk behavior, (ii) Advise
change, (iii) Agree on goals and an action plan via shared
decision-making, (iv) Assist with treatment, and (v) Ar-
range follow-up (104). Providers should offer a combi-
nation of pharmacological and behavioral/psychological
support to optimize the chance of success (105). In-
dividuals can highly benefit from psychological support
programs (105), currently offered by phone or online,
when in-person formats are not available locally or are
inconvenient for logistical reasons. Providers should
inquire not only about cigarette consumption but also
about other tobacco products (electronic cigarettes,
cigarillos, chewing tobacco). Electronic cigarettes are
currently a high priority for research on ASCVD pre-
vention, and more data are needed (106–108).

Sleep disorders. Sleep disorders are emerging risk factors
for many health conditions, and abnormal sleep patterns
have been associated with risk of obesity, diabetes, and
ASCVD (109, 110). Providers should screen individuals
at metabolic risk and recommend diagnostic testing for
sleep apnea when suspected, given that it is a frequent
comorbid condition of obesity, diabetes, and ASCVD
(109). Treatment of obstructive sleep apnea can reduce
symptoms of daytime somnolence and improve quality of
life (111)—which may help some individuals to have
more energy to be more active physically—but strong
evidence and long-term interventional studies supporting
the benefits of the prevention of cardiovascular events is
lacking (109, 111).

Stress. Stress has also been increasingly recognized as an
important risk factor for predicting ASCVD events (112,
113). Stressmanagement interventions—such as relaxation-
basedmethods and cognitive behavioral techniques—have
been included in secondary ASCVD prevention pro-
grams resulting in potential benefits (114). Nevertheless,
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evidence is lacking regarding the efficacy of stress man-
agement interventions on the primary prevention of
ASCVD and diabetes.

3. Medical and Pharmacological Therapy

Risk assessment and evaluation

3.1 In individuals identified as having metab-
olic risk, we recommend global assessment of
10-year risk for either CHD or ASCVD to guide
the use of medical or pharmacological therapy.
(1|���s)
Technical remark:Global risk assessment includes
the use of one of the established cardiovascular risk
equations. Elevated LDL is indicative of cardio-
vascular risk.

Evidence
Several methodologies have been developed to assess

10-year cardiovascular risk status (115–117). The Fra-
mingham Heart Study CVD 10-year risk calculator
(Framingham risk calculator) is a sex-specific algorithm
that predicts the 10-year risk of having any cardiovas-
cular event. The PROCAM risk algorithm calculates
the risk of MI based on the 10-year follow-up of the
PROCAM study. The Systematic Coronary Risk Eval-
uation (SCORE) risk charts, the European cardiovas-
cular disease risk assessment model, are based on the
results of 12 European cohort studies. These cardio-
vascular risk charts are based on sex, age, total cho-
lesterol, systolic BP, and smoking status and are used
to predict death due to MI. More recently, as part of
two ACC/AHA guidelines that addressed assess-
ment and treatment of cardiovascular risk (30, 118),
a pooled cohort equation approach was developed
(119, 120).

In comparison studies of the various guidelines, sev-
eral reports have found that the pooled cohort equation
offers better discrimination and net benefit regarding
cardiovascular risk assessment. Although this method
carries a risk for overestimation of risk, it was identified
as the best available methodology to date by the US
Preventive Service Task Force (121–124). Collectively,
these risk calculation methods use easy-to-collect clinical
parameters, such as age, use of cigarettes, BP, and serum
lipid levels. Other risk calculators that are less widely
used have also been published. The United Kingdom
Prospective Diabetes Study risk engine has been de-
veloped with validated ASCVD risk estimates for people
with T2DM (125, 126), although the population with
previously diagnosed diabetes is outside the framework

of the primary prevention population considered in this
guideline. As other authors have published findings
comparing the different algorithms, this Writing Com-
mittee made no attempt to undertake such comparisons
among different population groups (127, 128). The
Writing Committee recommends that 10-year risk for
CHD be assessed for individuals using published algo-
rithms that best pertain to the individuals from a par-
ticular population group. Clinical judgment or national
or regional recommendations can be used for making
these assessments.

3.2 In individuals with LDL-C $190 mg/dL (4.9
mmol/L) or TGLs $500 mg/dL (,5.6 mmol/L),
we recommend that, before considering the di-
agnosis of primary hyperlipidemia, practitioners
should rule out secondary causes of hyperlipidemia.
If a secondary cause can be excluded, primary
hyperlipidemia should be suspected. (1j���s)
Technical remark: Examples of secondary causes
of hyperlipidemia include: untreated hypothy-
roidism, nephrotic syndrome, renal failure, cho-
lestasis, acute pancreatitis, pregnancy, polycystic
ovarian disease, excess alcohol use, treatment
with estrogens/oral contraceptives, antipsychotic
agents, glucocorticoids, cyclosporine, protease
inhibitors, retinoids, and beta blockers.

Evidence
Elevated values of LDL-C ($190 mg/dL) or TGLs

($500 mg/dL) are likely to be due to primary hyper-
lipidemia from a genetic cause (known or unknown).
However, before considering the diagnosis of primary
hyperlipidemia, secondary causes of hyperlipidemia need
to be ruled out. Because secondary hyperlipidemia is not
rare, evaluation of underlying conditions that could be
causing or exacerbating dyslipidemias is necessary before
initiating or intensifying treatment as recommended in
current guidelines (129–131). Secondary hyperlipidemia
can occur as an isolated cholesterol elevation, an isolated
TGL elevation, or as a combined pattern. Increased LDL-
C levels (.190 mg/dL), high TGL levels (.500 mg/dL),
xanthomas, a strong family history of hyperlipidemia,
or a lack of an expected response to maximal therapeutic
doses of lipid-lowering agents indicate primary hyper-
lipidemia. Secondary hyperlipidemia may result from
different metabolic and endocrine conditions, liver or
kidney disease, HIV, drug therapy, or dietary factors. As
dyslipidemia may be an early indication, recognizing an
underlying condition may alter subsequent treatment
decisions. Furthermore, some dyslipidemias can appear
to be refractory to drug treatment in the presence of an
ongoing unrecognized secondary cause. For example,
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untreated diabetes mellitus or excessive alcohol intake
can render medical therapy for hypertriglyceridemia
much less effective.

Cholesterol reduction

3.3 In individuals 40 to 75 years of age with LDL-
C $190 mg/dL ($5.9 mmol/L), we recommend
high-intensity statin therapy to achieve an LDL-C
reduction of $50% (Table 8). (1|���s)

3.4 In individuals 40 to 75 years of age with LDL-C
70 to 189 mg/dL (1.8 to 4.9 mmol/L), we
recommend a 10-year risk for ASCVD should be
calculated. (1|���s)

3.4.1 In individuals 40 to 75 years of age without
diabetes and a 10-year risk $7.5%, we
recommend high-intensity statin therapy
either to achieve an LDL-C goal ,100 mg/
dL (,2.6 mmol/L) or an LDL-C reduction
of $50% (Table 8). (1|���s)

3.4.2 In individuals 40 to 75 years of age without
diabetes and a 10-year risk of 5% to 7.5%,
we recommend moderate statin therapy as
an option after consideration of risk re-
duction, adverse events, drug interactions,
and individual preferences, to achieve either
an LDL-C goal,130 mg/dL (,3.4 mmol/L)
or an LDL-C reduction of 30% to 50%.
(1|���s)

3.4.3 In individuals with metabolic risk, with-
out diabetes, on statin therapy, we suggest
monitoring glycemia at least annually to de-
tect new-onset diabetes mellitus. (2|���s)

3.4.4 In individuals aged .75 years without
diabetes and a 10-year risk $7.5%, we
recommend discussing the benefits of statin

therapy with the patient based on ex-
pected benefits vs possible risks/side effects
(Table 8). (1|���s)

Technical remark: Decisions should be made on
a case-by-case basis depending on estimates of
likely benefits vs risks in individual patients.
Statin therapy should be calibrated to reach the
recommended LDL targets.

Evidence
Many large-scale clinical trials on statin use have

documented a clear reduction in cardiovascular events by
reduction in LDL-C level (34). This finding served as a
foundation for recommendations and guidelines issued
by the National Institutes of Health and the AHA,
identifying treatment goals of LDL-C levels for in-
dividuals at varying degrees of cardiovascular risk. Al-
though the risk factor role of LDL-C is well recognized,
the most recent revision of cholesterol recommendations
for the treatment of individuals at cardiovascular risk
issued by the ACC/AHA has, to some extent, deviated
from previous versions. Based on evidence from clinical
trials, the guidelines recommend statin treatment of
categories of individuals considered at increased meta-
bolic risk (118). Treatment is recommended where a risk
reduction outweighs the risk of adverse events. Those
considered to be at risk include: (i) individuals of any
age with high LDL-C, (ii) individuals .40 years of age
who suffer from diabetes, and (iii) individuals without
clinical ASCVD or diabetes with LDL-C levels of 70 to
189 mg/dL and an estimated 10-year risk for ASCVD
of $7.5%. (For individuals $75 years of age, an as-
sessment regarding benefit vs risk is appropriate.)

In these ACC/AHA guidelines, specific treatment goals
for LDL-C are not emphasized, although reducing the

Table 8. Statin Therapy

Intensity Definition Dosage

Low Daily dose lowers LDL-C by ,30%, on average Simvastatin 10 mg
Pravastatin 10–20 mg
Lovastatin 20 mg

Fluvastatin 20–40 mg
Pitavastatin 1 mg

Moderate Daily dose lowers LDL-C by;30% to$ 50%, on average Atorvastatin 10–20 mg
Rosuvastatin 5–10 mg
Simvastatin 20–40 mg
Pravastatin 40–80 mg
Lovastatin 40 mg

Fluvastatin extended release 80 mg
Fluvastatin 40 mg twice a day

Pitavastatin 2–4 mg

High Daily dose lowers LDL-C by $50% or more, on average Atorvastatin 40–80 mg
Rosuvastatin 20–40 mg
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plasma LDL-C level has been shown to significantly
decrease the risk for cardiovascular disease with a 22%
reduction rate in major vascular events with each re-
duction in LDL-C of 38.7 mg/dL (132). The ACC/AHA
guidelines have stimulated an exchange of views in the
literature with differing perspectives (133, 134) and,
notably, Canadian guidelines recommend treatment to
target rather than by therapy dose (135, 136).

Recently, the US Preventive Services Task Force updated
their recommendation for screening for lipid disorders in
adults based on a systematic review of the benefits and
harms of statins (125, 137). The task force recommended
the use of a low-to-moderate dose of a statin to prevent
ASCVD events and mortality in adults aged 40 to 75 years
with at least one ASCVD risk factor (e.g., dyslipidemia,
diabetes, hypertension, or smoking) and a calculated 10-
year risk of cardiovascular events of $10%. Although the
estimation of risk is acknowledged to be fraught with some
degree of uncertainty, and the pooled cohort equations
from the ACC/AHA guideline might overestimate risk, the
tool was considered the best available at the time (120, 123,
124, 138, 139). The task force also concluded that direct
evidence ofwhether different therapy doses or treatment-to-
target strategies would affect clinical outcomes is extremely
limited. A recent meta-analysis suggested that lower LDL-C
levels were associated with a lower RR of major vascular
events, underscoring that the issue of specific LDL-C targets
remains unresolved (140, 141). Given this conundrum,
some have advocated the incorporation of both LDL-C
levels and ASCVD risk into treatment recommendations, as
is the case for European guidelines (130, 142).

One concern in deemphasizing LDL-C goals is the risk
of eliminating a potentially motivational tool for goal-
directed behavior for patients and practitioners (143).
Indeed, goal setting and goal-directed actions are long-
standing practices in changing human behavior. Thus, it
cannot be excluded that a lack of LDL-C treatment goals
for any individual might reduce motivation and com-
pliance as well as reduce awareness among treating
physicians (144). Therefore, in deemphasizing LDL-C
treatment goals, the 2013 ACC/AHA guidelines may
have inadvertently eliminated a motivational tool for
goal-directed behavior. Prior studies have shown generally
poor adherence to statin therapy a year after initiation,
even with the elimination of cost as a factor, which is of
particular relevance for long-term treatment (145, 146).
Alternatively, eliminating LDL-C targets may reduce
polypharmacy with lipid-loweringmedications and reduce
the risk of medication side effects. However, on balance,
LDL-C treatment goals may be useful in clinical practice,
and a lack of these goals might adversely affect the in-
dividual’s motivation and treatment adherence.

Owing to the wide adoption of statin treatment, data
supporting an association between statin treatment and
an increase in the incidence of new-onset T2DM has
raised concerns (147–152). Meta-analyses have reported
in aggregate a 9% increased risk for incident diabetes
mellitus during statin treatment, with no clear difference
among different statin drugs (153). However, the risk
appears to be seen primarily with use of high-dose statins
(124, 154, 155). As the benefits of statins for reduction in
cardiovascular risk are well documented in individuals
with or without diabetes, these risks should be taken
carefully into consideration. Regular monitoring of glyce-
mic status is warranted in individuals at high risk for the
development of diabetes mellitus during statin therapy.

Other hypocholesterolemic agents
The first-line drug treatment of hypercholesterolemia

is a statin. If the LDL target is not obtained with the
optimal dose of a statin, additional treatment with eze-
timibe or cholestyramine are options. In the case of
confirmed statin intolerance after testing alternative
statins at low doses, or in the case of any contraindication
to statins, treatment alternatives are ezetimibe or cho-
lestyramine. Anti-PCSK9 treatments are currently used
in cases of severe familial hypercholesterolemia un-
controlled with statins.

Balance of benefits and harms
This recommendation was developed within the

context of the sizable benefit to patients that derived from
early preventive care in vulnerable populations. The
Writing Committee thinks that this benefit outweighs the
patient burden of early therapy with medications that
lower BP and cholesterol. The Writing Committee also
recognizes the added benefit of clinicians using a simple,
easy-to-measure risk calculator in the clinical setting,
despite the lack of data to compare the relative efficacy of
the different risk scoring systems.

3.5 In individuals at metabolic risk who are taking
statins with adequate LDL-C reduction, elevated
TGL levels [$200 mg/dL (2.3 mmol/L)], and
reduced HDL levels [#50 mg/dL (1.3 mmol/L) in
females, or #40 mg/dL (1.0 mmol/L) in males],
we suggest considering fenofibrate adjunct ther-
apy. (2|���s)
Technical remark: Statin treatment goals are
identified in Table 9. LowHDL-C levels are defined
in Table 1. Avoid gemfibrozil in this situation.

Evidence
Many individuals at metabolic risk have multiple

lipid-based abnormalities, including elevations in TGLs,
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reductions in HDL-C, and, in some cases, an increase in
lipoprotein(a) (156–159). In recent years, more studies
have documented a causal association between increases
in TGLs as well as lipoprotein(a) levels and cardio-
vascular disease (158–163). Although epidemiological
studies have well established that low HDL-C levels are
associated with cardiovascular risk, it has been difficult
to establish a causal relationship between decreased
HDL-C and cardiovascular disease (164–166). Altogether,
increases in TGL and lipoprotein(a) levels contribute to an
increase in the level of cholesterol-carrying particles con-
taining apolipoprotein B-100 (157, 159, 167). Elevations
in apolipoprotein B–containing lipoproteins [LDL, VLDL,
and lipoprotein(a)], characteristic of most individuals at
metabolic risk, are associated with increased ASCVD risk
(34, 168). A large number of randomized controlled
clinical trials, many using statins, documented that low-
ering apolipoprotein B–containing lipoproteins reduces
the risk for ASCVD (34).

The possible role of HDL-C in cardiovascular risk
has attracted much interest. Although an increase in
HDL-C levels would be expected to lower ASCVD
risk, a number of recent randomized clinical trials fo-
cused on raising HDL-C levels using various agents/
strategies have failed to show any beneficial effects on
ASCVD outcomes (169–173). The Writing Committee
thinks that there is insufficient evidence to indicate that
an increase in HDL-C level per se would serve to reduce
cardiovascular risk and that any recommendation re-
garding efforts to increase HDL-C levels would be
premature.

In contrast to the case of HDL-C, Mendelian ran-
domization studies have indicated a causal relationship
between either TGLs or lipoprotein(a) and ASCVD (166,
174, 175). Many studies have provided support for a
causative role of TGL and TGL-rich lipoproteins in
ASCVD. This finding is relevant because of the common

occurrence of increases in TGL levels among subjects at
metabolic risk (176).

Non–HDL-C levels (representing cholesterol carried
in atherogenic lipoproteins) have been considered im-
portant in guiding treatment to reduce cardiovascular risk
(177–181). For this reason, for individuals at metabolic
risk, attempts to reduce apolipoprotein B–containing
lipoproteins by lowering non–HDL-C are prudent. This
reduction may involve multiple avenues, including lifestyle
modification addressing diet and exercise regimens as well
as the use of TGL-lowering drugs such as fibrates, nia-
cin, and v-3 fatty acids (158, 159, 182). In both the
Fenofibrate Intervention and Event Lowering in Diabetes
(FIELD) trial and the Action to Control Cardiovascular
Risk in Diabetes Lipid (ACCORD-Lipid) trial, fenofibrate
alone or in combination with a statin significantly reduced
the risk for major cardiovascular events in the subgroup of
individuals with elevated TGLs and lowHDL-C (61, 183).
This finding was confirmed in a meta-analysis demon-
strating a 35% reduction in the risk of major cardiovas-
cular events with fibrates in individuals presenting with
hypertriglyceridemia and low HDL-C (140, 184). Fibrates
may be considered an add-on drug to statins (or LDL-
C–lowering drugs) in individuals who persist with high
TGLs and low HDL-C after LDL-C–lowering therapy
(184). If a fibrate is used with the statin, fenofibrate is the
drug of choice due to evidence of minimal interaction
with statins and decreased risk of myopathy with this drug
(185–187). Gemfibrozil should not be used in combina-
tion with statins due to an elevated risk for myopathy
(188–190).

3.6 In individuals $40 years of age at metabolic risk
with LDL-C at target, an estimated 10-year ASCVD
risk of .7.5%, and without clinical ASCVD or
other ASCVD risk factors, we suggest treatment
with a moderate-intensity statin. (2|���s)

Table 9. Treatment Recommendations and LDL-C Goals for Treatment

Primary Prevention Statin Treatment LDL-C Goal or % Reduction

•Adults with LDL-C $190 mg/dL ($4.9 mmol/L) High intensity $50% reduction of LDL-C

• Individuals 40–75 y of age without diabetes
and LDL-C 70–189 mg/dL (1.8–4.9 mmol/L)

Moderate or high intensity ,100 mg/dL (,5.6 mmol/L) or $50%
reduction of LDL-C

• and a 10-y risk $7.5%

• Individuals 40–75 y of age without diabetes
and LDL-C 70–189 mg/dL (1.8–4.9 mmol/L)

Consider moderate intensity ,130 mg/dL (,3.4 mmol/L) or 30%–50%
reduction of LDL-C

• and a 10-y risk of 5% to ,7.5%

• Individuals aged .75 y without diabetes and
LDL-C 70–189 mg/dL (1.8–4.9 mmol/L)

Consider first low intensity, after
discussion with the patient

,130 mg/dL (, 3.4 mmol/L) or 30%–50%
reduction of LDL-C

• and a 10-y risk $7.5%

ASCVD risk factors include LDL-C $100 mg/dL (2.6 mmol/L), high BP, smoking, chronic kidney disease, albuminuria, and family history of premature
ASCVD.
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Evidence
Data from three exclusively primary prevention RCTs

and a systematic review that included individuals with
LDL-C levels ,190 mg/dL and .70 mg/dL document
the benefit of statin therapy (191–194). Estimates of ex-
pected 10-year ASCVD event rates were derived from the
placebo groups and estimates of excess adverse events from
the statin groups of meta-analyses of statin RCTs. The
studies found high-level evidence for an ASCVD risk-
reduction benefit from initiation of moderate- or high-
intensity statin therapy in individuals 40 to 75 years
old with a.7.5% estimated 10-year risk for ASCVD. The
details of risk assessment calculation are presented in detail
in the ACC/AHA blood cholesterol guidelines (118).

The reduction in ASCVD risk clearly outweighs the
potential for adverse effects (118). Further support for
this statement comes from the recent HOPE 3 study
demonstrating that even people with low-to-intermediate
cardiovascular risk had a clear mortality reduction with
low-dose statin therapy (195). Thus, it is recommended
that individuals 40 to 75 years of age, who are not al-
ready candidates for statin therapy, receive moderate-
intensity statin therapy (Tables 8 and 9) when they
have a.7.5% estimated 10-year risk for ASCVD and an
LDL-C value of 70 to 189 mg/dL. This overall obser-
vation is further supported by the Cholesterol Treatment
Trialists’ 2010 meta-analysis that found a relative re-
duction in ASCVD events of similar magnitude across the
spectrum of LDL-C levels .70 mg/dL (132). This rec-
ommendation is further reinforced by an overview of 12
systematic reviews of primary prevention with sta-
tins (194).

Blood pressure reduction

3.7 In individuals with BP.130/80 mmHg and a 10-
year cardiovascular risk #10%, we suggest life-
style management to lower BP to ,130/80 mm
Hg to reduce the risk for ASCVD. (2|���s)
Technical remark: Because the 10-year risk
is #10%, lifestyle intervention is appropriate
and preferable to use of medications. Table 10
(196–207) summarizes the relative impact of
various behavioral and lifestyle changes on low-
ering of BP. These interventions include weight
loss, healthy diet, sodium restriction, enhanced
potassium intake, increased physical activity, and
moderation of alcohol use.

Evidence
An overview of six systematic reviews of RCTs of

BP-lowering therapy document a benefit of keeping
BP ,140 mm Hg systolic or to levels ,130 mm Hg in

high-risk individuals to maximally reduce ASCVD events
(194, 208–212). The most comprehensive systematic
reviews included 25 trials with 163,131 participants
(213) and 27 trials with 108,297 participants (209,
214–217). The data from these analyses had a mean
participant age ranging from 30 to 80 years, and the
weighted mean age in the most comprehensive systematic
review was 62 years.

In contrast, people at low or intermediate risk do not
have the same magnitude of benefit of systolic BP re-
duction to levels ,130 mm Hg. HOPE 3 was a placebo-
controlled study examining whether further lowering of
BP among those with a systolic BP ,140 mm Hg and
intermediate cardiovascular risk further reduced car-
diovascular events. After a median follow-up of 5.6
years, treating a systolic BP ,140 mm Hg had no sig-
nificant effect on cardiovascular risk reduction, whereas
treating that of ;140 mm Hg did (218).

3.8 In adults without a history of ASCVD with
metabolic risk who have a 10-year cardiovascular
risk of .10% and BP of .130/80 mm Hg, we
suggest the use of BP-lowering medication in
addition to lifestyle modifications for primary
prevention of ASCVD only when lifestyle modi-
fication alone has failed. (2|���s)

Evidence
Only a few studies address appropriate BP man-

agement for primary prevention of ASCVD events in
people with metabolic syndrome who have neither di-
abetes nor diagnosed ASCVD. Thus, other than lifestyle
management (Table 10), the optimal antihypertensive
approach is not clear. A post hoc analysis of SPRINT
notes that lower BP levels among those with metabolic
syndrome provided similar cardiovascular risk re-
duction to those without the metabolic syndrome (219).
Guideline recommendations (54) should be followed for
lowering BP in both groups. Note that beta-blockers
should be avoided for hypertension treatment in in-
dividuals who are overweight or obese, due to the risk of
weight gain (220, 221). Current guidelines recommend
initial therapy with either a calcium channel blocker,
renin angiotensin system inhibitor, or thiazide di-
uretic (54).

Three studies evaluated people with metabolic
syndrome who were at elevated cardiovascular risk.
These trials include HOPE 3, DREAM, and ALLHAT.
Additionally, a meta-analysis and systematic review of
trials that compared more intensive to standard BP re-
duction (222) reported that more intense lowering of BP
reduces the risk of stroke, coronary events, major car-
diovascular events, and cardiovascular mortality. In a
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stratified analysis of these data, using three different
systolic BP cutoffs (150, 140, and 130mmHg), achieving
an additional 10 mmHg reduction in systolic BP reduced
ASCVD risk in all of the outcomes mentioned above.
However, in this meta-analysis, many individuals had
established hypertension, and in HOPE 3, there was no
reduced risk of CV events among those ,140/90 mm
Hg (218).

In the DREAM trial (223), the primary outcomes were
newly diagnosed diabetes or death, and the mean systolic
BP at baseline was 136.1 mm Hg. The results showed no
difference in the primary endpoints.

In the ALLHAT trial, 31,512 adults,$55 years or age,
with hypertension and at least one other risk factor for
CHD were stratified into IFG (n 5 1399) and normo-
glycemic (n 5 17,012) groups. Participants were ran-
domly assigned to double-blind first-step treatment with
chlorthalidone, amlodipine besylate, or lisinopril. The
primary outcome was the composite of fatal CHD or
nonfatal MI, total mortality, and other clinical compli-
cations. There was no significant difference in RR for the
primary outcome among those with IFG or normogly-
cemia irrespective of randomized drug.

Use of thiazide diuretics and/or beta-blockers in
people with metabolic syndrome can increase insulin
resistance, dyslipidemia, and hyperuricemia and worsen
glucose intolerance. However, these metabolic changes
have not translated into a reduced cardiovascular
benefit. Indeed, as shown in the follow-up of ALLHAT,
long-term diuretic use was associated with an increase
in fasting glucose levels among those with IFG. This
increase in glucose into the diabetes range was not
associated with increased ASCVD risk after a 12-year
follow-up, as long as the diabetes was treated (224).
Additionally, post hoc analysis of nearly two-thirds
of participants in ALLHAT who met the criteria for
metabolic syndrome revealed that chlorthalidone was
similar to lisinopril or amlodipine in regard to reducing
ASCVD risk (225, 226).

Use of traditional beta-blockers may lead to de-
terioration of glucose tolerance, dyslipidemia, and in-
ability to lose weight. Several large clinical trials
documented a 15% to 29% increased risk of developing
diabetes as a result of traditional beta-blocker therapy
(227, 228).

However, newer vasodilating beta-blockers (e.g.,
carvedilol and nebivolol) have shown neutral or fa-
vorable effects on metabolic profiles compared with
traditional beta-blockers and might be a practical op-
tion for the treatment of hypertension in the metabolic
syndrome (229–231). The novel vasodilator beta-
blocker nebivolol has a very good metabolic profile
among beta-blockers but has never been tested for

cardiovascular outcomes except in older people (231,
232). Nebivolol has been evaluated in older people with
heart failure with and without diabetes, but there are no
outcome data in people with metabolic syndrome (233).
Notably, a diuretic or beta-blocker, when used alone in
individuals who are overweight or obese with IFG, will
increase the risk for diabetes development (229, 234,
235). In many cases, diabetes is reversible but not al-
ways (236).

Reducing progression to type 2 diabetes

3.9 In individuals with prediabetes, we recommend
prescribing lifestyle modification before drug ther-
apy to reduce plasma glucose levels. (1|����)

3.10 In individuals with prediabetes who have limi-
tations to physical activity or are not responding
to lifestyle modifications, we recommend met-
formin as a first pharmacologic approach to
reduce plasma glucose levels. (1|���s)

Evidence
Clinical trial evidence indicates that the risk for di-

abetes can be markedly reduced by lowering plasma
glucose levels in individuals with prediabetes (as defined
in recommendation 1.4). Glucose concentrations can be
reduced by either lifestyle intervention (as described in
“2. Lifestyle and Behavioral Therapy” above) or drug
therapy. In the DPP, both metformin and troglitazone
were shown to delay the conversion of prediabetes to
diabetes (11, 237). Metformin reduced the risk of de-
veloping diabetes by 31% over ;4 years (during ran-
domized blinded active phase of DPP trial) and 18%
during 10 and 15 years of follow-up (based of DPP
Outcomes Study open follow-up) (238). At the 15-year
follow-up, both metformin and lifestyle interventions
prevented microvascular events in the DPP Outcomes
Study participants (238). Moreover, metformin was es-
timated to be a cost-saving intervention when prescribed
for diabetes prevention (238). Two clinical trials have
assessed the effect of thiazolidinediones in diabetes
prevention, the Troglitazone in the Prevention of Di-
abetes (TRIPOD) trial using troglitazone (239) and the
DREAM trial using rosiglitazone (223). However, evi-
dence of potential harmful effects related to thiazolidi-
nediones has decreased clinical use in recent years, and
careful assessment of the potential harms-to-benefits
ratio must be undertaken for each individual before
considering treatment with this class (240). Insulin is a
highly efficacious drug for lowering glucose: in the
Outcome Reduction With Initial Glargine Intervention
(ORIGIN) trial, basal insulin treatment with glargine
insulin during a period of 6.2 years resulted in a 28% RR
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reduction in the development of diabetes in high-risk
individuals (241).

a-Glucosidase inhibitors have also been demonstrated
to reduce the progression to diabetes in people with
prediabetes and are commonly used in populations
consuming an Asian diet. In the Study to Prevent Non-
Insulin-Dependent Diabetes Mellitus (STOP-NIDDM)
multinational study, acarbose was progressively increased
to 100 mg three times daily as tolerated during a mean
follow-up period of 3.3 years. This dosage resulted in a
25% RR reduction for conversion to diabetes and a 49%
RR reduction for the development of cardiovascular events
(242). In a Japanese study, treatment with voglibose at
a dosage of 0.3 mg three times daily reduced the risk of
progression to diabetes by 40%, but the study was not
adequately powered to evaluate the effects on cardiovas-
cular events (243).

Overall, theWriting Committee suggests metformin as
the first pharmacological approach (with the exception
of patients for whom it is contraindicated) because
metformin has been shown to reduce the risk of diabetes
by 31% during;4 years of active treatment in DPP (11),
and to have a long-term effect on diabetes prevention
and a reduction in microvascular events (238). Fur-
thermore, metformin is relatively low in cost, is generally
well tolerated, has a good safety profile, and its oral
administration is largely acceptable to patients. Acarbose
is also recommended for its efficacy as long as patients
can tolerate the gastrointestinal effects (up to three-
fourths of individuals experience flatulence and ap-
proximately one-third report diarrhea).

A meta-analysis including 42 trials commissioned by
the guideline Writing Committee found some evidence
that a-glucosidase inhibitors, angiotensin-converting en-
zyme inhibitors, ARBs, metformin, orlistat, phentermine-
topiramate, and pioglitazone significantly reduced the
risk of biochemical conversion to T2DM, whereas statins
and nateglinide increased that risk. Of these, metformin
is the most sensible first-line agent purely for diabetes
prevention, given its efficacy, safety, and tolerability (low
risk profile of severe side effects) and protective effect
shown in RCTs. Others of these agents have specific
benefits for treating individual components of metabolic
risk, such as hypertension and obesity, but they do not
have enough evidence to support their use for diabetes
prevention (5).

4. Further Research

Current gaps in science

1. Our understanding of the various factors affect-
ing the underlying pathogenesis of metabolic

syndrome and its risk for ASCVD or T2DM has
expanded. More research is needed, however,
especially related to the role of increased in-
flammation as seen in the liver and in blood
vessels and the connection to insulin resistance,
atherosclerosis, and b-cell failure. More studies
are needed on the relationship between the met-
abolic syndrome and nonalcoholic fatty liver
disease and nonalcoholic steatohepatitis and on
how this relationship affects new medical thera-
pies for these conditions. Better understanding is
needed of the extent to which reduction in liver
fat, by medications or otherwise, eventually re-
duces ASCVD.

2. Does the addition of one or more of the newer
biomarkers (as described in section 1.1) that
correlate with metabolic risk enhance the pre-
dictive power of these simple equations for
ASCVD or T2DM, and do they affect the ther-
apeutic intervention? The estimation of the risk of
an ASCVD event will determine whether an in-
tervention is required to lower that risk.When the
marker is causally related to the disease process,
then it will also determine which therapeutic in-
tervention is indicated.

3. More research is needed on the relative weighting
of each of the components of metabolic risk.

4. Prediabetes and diabetes are essentially part of a
continuum of elevated glycemia, and it is often
difficult to distinguish whether medical efforts to
treat glycemia are truly decreasing the incidence
of T2DM or treating early diabetes. This dis-
tinction may not be important clinically, but fu-
ture studies need a focus on the prevention of
ASCVD, diabetic microvascular complications,
mortality, and patient-important outcomes as
opposed to focusing purely on biochemical con-
version to T2DM.

5. Further identification and analysis of genetic
markers for metabolic risk and their relationship
to ASCVD and T2DM are required (see discus-
sion below).

6. We need to better understand how to use these
genetic markers to guide the choice of preventive
therapy using a personalized approach (see dis-
cussion below).

7. Medications in certain classes for the treatment of
T2DM, such as SGLT-2 inhibitors and GLP-1
agonists, may have cardiovascular benefits and
potential use in the primary prevention of both
ASCVD and T2DM; however, evidence is lacking
(5).More controlled trials to assess their benefit in
this area are needed (244).
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8. Studies indicate that certain bariatric surgical
procedures can be beneficial for the treatment
of individuals with severe obesity and T2DM.
Further studies to determine the risks and benefits
of these procedures for the prevention of ASCVD
and T2DM are needed.

9. More studies are needed on metabolic risk and
noninvasive tests of vascular dysfunction to determine
whether these can improve the prediction of ASCVD
and T2DM.

10. More research is needed regarding new approaches
in the public health sphere for population-based
efforts to prevent ASCVD and T2DM. Treatment
of this problem cannot be restricted to the medical
office setting.

Future perspectives on personalized medicine in
primary prevention of ASCVD and diabetes

Genomics markers in primary prevention of ASCVD
and diabetes

The advent of the Human Genome Project has raised
hope that genomics would offer personalized medicine
for the prediction, diagnosis, and treatment of a large
spectrum of diseases, including ASCVD and T2DM.
With the rapid advances in knowledge and technology, a
large number of genetic variants are now known to be
associated with T2DM and with ASCVD (245), and
these numbers will likely continue to increase. Given the
large number of risk variants now identified, their ad-
ditive (small) effects can be aggregated into “scores”
representing the genetic burden of currently known loci
for T2DM or ASCVD.

Such “genetic burden scores” derived from risk
variants associated with ASCVD predict ASCVD
events in prospective studies but initially added little to
prediction algorithms containing traditional risk fac-
tors and family history (246). More recently, however,
scores that aggregated a larger number of ASCVD loci
showed slightly better predictive performance on top
of current traditional clinical factors such as the
Framingham risk score or the ACC/AHA score (247,
248). Similarly, aggregated scores of T2DM genetic
risk variants can predict who will develop T2DM in
prospective studies, but genetic information adds little
to prediction model performance once they include
demographics and classic risk factors, such as those
included in the definition of metabolic risk (BMI/waist
circumference, lipids, glycemia) (249–251). However,
correct implementation of polygenic risk scores for
ASCVD/T2DM prediction is rarely seen in clinical
practice, likely because there is a lack of data show-
ing that this knowledge will truly change clinical

decisions, individual behaviors, and ASCVD/T2DM
outcomes.

Observational studies have shown that adopting a
healthy lifestyle is associated with a reduced risk of
ASCVD at any level of genetic risk and further suggest
that a healthy lifestyle (no current smoking, no obesity,
regular physical activity, and a healthy diet) is associated
with a risk reduction in ASCVD of up to 50% in in-
dividuals considered at “high genetic risk” based on a
polygenic aggregated risk score (252).

In the context of diabetes prevention, individuals at
high risk based on their genotypes benefit from intensive
lifestyle interventions as much or perhaps to a greater
extent than individuals not considered at high genetic risk
(251). This has been shown for genetic risk attributed to a
single genetic variant, such as TCF7L2 (253, 254), which
is the T2DM risk locus with the largest effect size per risk
allele identified to date and has been the most replicated
across studies, and for genetic risk estimated on aggregate
risk constructed from multiple known T2DM risk loci
(255, 256). For example, in the DPP, participants with
the highest genetic risk (top quartile of the aggregate
genetic risk score) clearly benefited from intensive life-
style intervention: in this subgroup, diabetes incidence
was 12 cases per 100 person-years in the placebo arm vs 5
cases per 100 person-years in the lifestyle arm (P ,

0.001) (255). Moreover, the lifestyle intervention sig-
nificantly increased the chance of regression to normo-
glycemia in DPP participants with a higher T2DM
genetic burden (255).

Evidence of interactions between genetic variants and
response to intensive lifestyle intervention is emerging.
For example, a combined analysis from the DPP and
Action for Health in Diabetes (Look AHEAD) trials
found that a variant of theMTIF3 obesity allele modified
the effects of lifestyle interventions on weight loss and
that there was no similar effect in the control arms (257).
A meta-analysis suggested that individuals carrying the
FTO obesity risk allele—the most replicated obesity risk
locus—may lose more weight with diet and exercise
interventions than do noncarriers (258, 259).

The field of nutrigenomics has also exploded in recent
years, raising the hope that this field may contribute
to the prevention of ASCVD, T2DM, and metabolic
diseases (260). For example, high adherence to the
Mediterranean diet in the PREDIMED trial reduced
or inhibited the association between glycemic/ASCVD
outcomes with selected genetic risk variants at known
T2DM loci such as TCF7L2 or known obesity loci such
as FTO (261). However, the field is still challenged by
many observational studies reporting interactions be-
tween certain genetic risk variants and specific food or
dietary components, but replication is lacking (260).
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Table 11. Related Guideline Content

Recommendation
Number Guideline Title Organization

Publication
Year

1.2, 3.1 Goff DC Jr, Lloyd-Jones DM, Bennett G, Coady S, D’Agostino RB Sr, Gibbons
R, Greenland P, Lackland DT, Levy D, O’Donnell CJ, Robinson JG, Schwartz
JS, Shero ST, Smith SC, Jr., Sorlie P, Stone NJ, Wilson PW

ACC/AHA 2014

2013 ACC/AHA guideline on the assessment of cardiovascular risk: a
report of the American College of Cardiology/American Heart
Association Task Force on Practice Guidelines

Journal of the American College of Cardiology 2014;63:2935–2959

1.4 American Diabetes Association Standards of Medical Care in Diabetes
2019 Diabetes Care 2019 Jan;42(Suppl 1)

ADA 2019

1.5, 1.6, 3.8 Whelton PK, Carey RM, Aronow WS, Casey DE Jr, Collins KJ, Dennison
Himmelfarb C, DePalma SM, Gidding S, Jamerson KA, Jones DW,
MacLaughlin EJ, Muntner P, Ovbiagele B, Smith SC Jr, Spencer CC, Stafford
RS, Taler SJ, Thomas RJ, Williams KA Sr, Williamson JD, Wright JT Jr

ACC/AHA/AAPA/
ABC/ACPM/AGS/
APhA/ASH/ASPC/
NMA/PCNA

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: executive summary:
a report of the American College of Cardiology/American Heart
Association Task Force on Clinical Practice Guidelines

Hypertension 2018;71:1269–1324

2.3 Health and Human Services Office of Disease Prevention and Health
Promotion and US Department of Agriculture Center for Nutrition Policy
Promotion

HHS/USDA 2015

2015–2020 Dietary Guidelines for Americans. 8th ed.
https://health.gov/dietaryguidelines/2015/guidelines

2.4 2018 Physical Activity Guidelines Advisory Committee HHS 2018
2018 Physical Activity Guidelines Advisory Committee Scientific
Report

Washington, DC: US Department of Health and Human Services; 2018

2.4 Qaseem A, Holty JE, Owens DK, Dallas P, Starkey M, Shekelle P ACP 2013
Management of obstructive sleep apnea in adults: a clinical practice
guideline from the American College of Physicians

Annals of Internal Medicine 2013;159(7):471-483

3.1, 3.3 - 3.4, 3.6 Stone NJ, Robinson JG, Lichtenstein AH, Bairey Merz CN, Blum CB, Eckel RH,
Goldberg AC, Gordon D, Levy D, Lloyd-Jones DM, McBride P, Schwartz JS,
Shero ST, Smith SC Jr, Watson K, Wilson PW

ACC/AHA 2014

2013 ACC/AHA guideline on the treatment of blood cholesterol to
reduce atherosclerotic cardiovascular risk in adults: a report of the
American College of Cardiology/American Heart Association Task
Force on Practice Guidelines

Journal of the American College of Cardiology 2014;63:2889–2934

3.2 Genest J, McPherson R, Frohlich J, Anderson T, Campbell N, Carpentier A,
Couture P, Dufour R, Fodor G, Francis GA, Grover S, Gupta M, Hegele RA,
Lau DC, Leiter L, Lewis GF, Lonn E, Mancini GB, Ng D, Pearson GJ,
Sniderman A, Stone JA, Ur E

CCS 2009

2009 Canadian Cardiovascular Society/Canadian guidelines for the
diagnosis and treatment of dyslipidemia and prevention of
cardiovascular disease in the adult—2009 recommendations

Canadian Journal of Cardiology 2009;25:567–579

3.3 - 3.4 Catapano AL, Graham I, De Backer G, Wiklund O, Chapman MJ, Drexel H, Hoes
AW, Jennings CS, Landmesser U, Pedersen TR, Reiner Z, Riccardi G, Taskinen
MR, Tokgozoglu L, VerschurenWM, Vlachopoulos C, Wood DA, Zamorano JL

ESC/EAS 2016

2016 ESC/EAS guidelines for the management of dyslipidaemias: the
Task Force for the Management of Dyslipidaemias of the European
Society of Cardiology (ESC) and European Atherosclerosis Society
(EAS) developed with the special contribution of the European
Association for Cardiovascular Prevention & Rehabilitation (EACPR)
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Some hypothesized that if a patient knew that they had
an increased genetic susceptibility to T2DM, this might
motivate them to implement lifestyle strategies such as
changes in diet or increased physical activity. Un-
fortunately, observational and interventional trial data
do not bear out this hypothesis or support the use of
genetic susceptibility testing and knowledge of personal
genetic risk for T2DM in implementing behavioral
changes, either by personal initiative or within a struc-
tured lifestyle intervention similar to DPP, even when
supported by a genetic counselor (262–265).

In the context of statin use for primary prevention, one
clinical trial showed that incorporation of a genetic risk
score into shared decision-making sessions led by genetic
counselors with individuals at intermediate risk for CHD
and health care providers resulted in a modest increase in
statin utilization in individuals with high genetic risk
(266). Future studies are needed to assess the impacts on
actual outcomes and to determine whether this approach
is generalizable to various practice settings.

In summary, genetic information can predict ASCVD
and T2DM, but clinical prediction algorithms have not
yet incorporated this information in current clinical
practice. Adopting a healthy lifestyle reduces the risk of
ASCVD and T2DM at any level of genetic risk and may
have slightly greater benefits for individuals at higher
genetic risk. However, at this time, there are no data
supporting the hypothesis that patients’ knowledge of
their genetic risk profile leads to greater behavioral
changes to adopt and maintain a healthier lifestyle, al-
though emerging data suggest a potential usefulness for
pharmacologic decisions. Genomics integration may become
more promising in primary prevention of ASCVD and
T2DM if genetic determinants are identified of the degree of
response to lifestyle interventions (such as degree of weight
loss or changes in glycemia/lipids) or to specific aspects of
behavioral changes (better response to physical activity,

specific response to dietary components) to tailor our future
interventions).

5. Related Guidelines and Statements

Numerous existing guidelines and statements on T2DM
and ASCVD have been developed by other medical so-
cieties and associations. Certain recommendations and
content in these other guidelines align with the work of
this Writing Committee. In Table 11, we point the reader
to the most notable of these guidelines and list the rec-
ommendations in this guideline with which they align.

Methodology

Participants
The Writing Committee consisted of seven content experts

representing the following specialties: endocrine disorders,
nephrology, and hypertension. Several members of the com-
mittee brought an international perspective to this guideline
topic. The Writing Committee also included a clinical practice
guideline methodologist who led the team of comparative ef-
fectiveness researchers that conducted the systematic review
and meta-analysis. The methodologist also supervised appli-
cation of the GRADE methodological framework for each
recommendation, including quality of evidence assessments and
strength of recommendation designations.

Guideline development process
The Endocrine Society’s guideline development process

follows the GRADE framework (267, 268) and includes special
considerations unique to rare endocrine diseases where scien-
tific evidence is limited or nonexistent. The GRADE framework
is described in Table 12.

Some of the Society’s clinical practice guidelines also include
Ungraded Good Practice Statements (269). This unclassified
clinical guidance can include expert opinion statements on good
practice, references to recommendationsmade in other guidelines,
and observations on preventive care and shared decision-making.

Table 11. Related Guideline Content (Continued)

Recommendation
Number Guideline Title Organization

Publication
Year

3.3 - 3.4, 3.8 Anderson TJ, Gregoire J, Hegele RA,Couture P,Mancini GB,McPherson R, Francis
GA, Poirier P, Lau DC, Grover S, Genest J, Jr., Carpentier AC, Dufour R, Gupta
M, Ward R, Leiter LA, Lonn E, Ng DS, Pearson GJ, Yates GM, Stone JA, Ur E

CCS 2013

2012Update of the Canadian Cardiovascular Society guidelines for the
diagnosis and treatment of dyslipidemia for the prevention of
cardiovascular disease in the adult

Canadian Journal of Cardiology 2013;29:151–167

3.5 Berglund L, Brunzell JD, Goldberg AC, Goldberg IJ, Sacks F, Murad MH,
Stalenhoef AF

Endocrine
Society

2012

Evaluation and treatment of hypertriglyceridemia: an Endocrine
Society clinical practice guideline

Journal of Clinical Endocrinology & Metabolism 2012;97(9):2969–2989

doi: 10.1210/jc.2019-01338 https://academic.oup.com/jcem 3969

D
ow

nloaded from
 https://academ

ic.oup.com
/jcem

/article-abstract/104/9/3939/5540926 by O
C

LC
 user on 01 August 2019

http://dx.doi.org/10.1210/jc.2019-01338
https://academic.oup.com/jcem


Guideline recommendations include the relevant population,
intervention, comparator, and outcome. When further clarifi-
cation on implementation is needed, the Writing Committee
included technical remarks. These provide supplemental in-
formation such as timing, setting, dosing regimens, and necessary
expertise. All recommendations are followed by a synopsis of the
evidence onwhich they are based. Authorsmay also include short
statements on patients’ values and preferences, the balance of
benefits and harms, and minority opinions, where relevant.

Internal and external review
Approximately 18 months into the development process,

Endocrine Society clinical practice guidelines undergo a com-
ment review period of 1 month when there is an opportunity for
internal and external stakeholders to review the guideline draft
and provide comments. These stakeholders include Endocrine
Society members, the Society’s Clinical Guidelines Subcom-
mittee (CGS), representatives of any cosponsoring organiza-
tions, a representative of Council, and an expert reviewer.

Following revisions to the guideline manuscript in response to
comment review period comments, it is returned to the CGS, the
Council reviewer, and the expert reviewer for a second review
and ballot. Finally, the guideline manuscript is subject to
Journal of Clinical Endocrinology & Metabolism publisher’s
review prior to publication. This review is undertaken by an
individual with expertise in the topic, without relevant conflicts
of interest, and external to the guideline Writing Committee,
CGS, and Council.

Disclaimer
The Endocrine Society’s clinical practice guidelines are

developed to be of assistance to endocrinologists by providing
guidance and recommendations for particular areas of
practice. The guidelines should not be considered inclusive of
all proper approaches or methods, or exclusive of others. The
guidelines cannot guarantee any specific outcome, nor do
they establish a standard of care. The guidelines are not
intended to dictate the treatment of a particular patient.
Treatment decisions must be made based on the independent

Table 12. GRADE Classification of Guideline Recommendations

3970 Rosenzweig et al Guidelines for Patients at Metabolic Risk J Clin Endocrinol Metab, September 2019, 104(9):3939–3985

D
ow

nloaded from
 https://academ

ic.oup.com
/jcem

/article-abstract/104/9/3939/5540926 by O
C

LC
 user on 01 August 2019



judgement of healthcare providers and each patient’s indi-
vidual circumstances.

The Endocrine Society makes no warranty, express or im-
plied, regarding the guidelines and specifically excludes any
warranties of merchantability and fitness for a particular use or
purpose. The Society shall not be liable for direct, indirect,
special, incidental, or consequential damages related to the use
of the information contained herein.

Conflicts of interest
The Endocrine Society’s conflict of interest (COI) policy

specific to the development of clinical practice guidelines can
be requested from the Society. In summary, the rules are as
follows:

1. To be considered for membership of a Writing Com-
mittee, nominees are required to disclose all relationships
with industry for the 12-month period prior to guideline
Writing Committee initiation. This is consistent with the
reporting time frame for the National Institutes of Health
and the Food and Drug Administration.

2. Potential COIs that should be declared include all re-
lationships with commercial, noncommercial, institu-
tional, and patient/public organizations that are (ormay
be) pertinent to the scope of the guideline.

3. The Chair of the Clinical Guidelines Subcommittee
reviews all disclosed relationships and determines
whether they are relevant to the topic of the guideline
and present a potentially relevant COI.

4. The Chair of the Clinical Guidelines Subcommittee
selects Writing Committee Chairs and Co-Chairs based
on COI information and the individuals’ clinical ex-
pertise and other skills. The Endocrine Society Council
reviews and endorses the nominees or makes appro-
priate changes. The three Chairs then select and appoint
Writing Committee members.

5. The Chair and Co-Chair of the Writing Committee
must be free of any COI or other biases that could
undermine the integrity or credibility of the work.

6. Most ($50%) of theWriting Committee members must
be free of relevant COIs.

7. Writing Committee members with relevant COIs are
required to declare the situation and recuse themselves
from any relevant discussions, votes, and from drafting
recommendations.

8. All Writing Committee members must refrain from
adding new relevant industry relationships throughout
the guideline development process.

9. If a member is aware of another person who might
have a conflict and has not declared it for some reason,
they are obliged to bring this to the Writing Committee
Chair’s attention.

10. Staff, Writing Committee Chairs, and members must be
alert for situations which might present a potential or
perceived COI.

Appendix A. Choice of Terminology
In this guideline, the Writing Committee focuses on a specific

set of risk factors for ASCVD and T2DM. The term “metabolic
syndrome” has been used to describe a set of clinical features

clustered in individuals, most of whom have abdominal adiposity,
conferring an increased risk for ASCVD andT2DM. There are
various definitions of the metabolic syndrome; they all include a
subset of the relevant risk factors for ASCVD and T2DM. Al-
though these risk factors (high TGL/low HDL, increased small
dense LDL, elevated BP, elevated plasma glucose, abdominal
obesity, insulin resistance, and inflammatory and thrombotic
markers) tend to occur together in the same individuals, the
etiology is not fully understood. Furthermore, because these
definitions do not contain all ASCVD risk factors and di-
chotomize the population into those with and without the
metabolic syndrome, it should not be used as an indicator of
absolute, short-term risk for ASCVD. The occurrence of mul-
tiple metabolic risk factors in one individual, nonetheless, does
indicate the presence of a higher long-term risk for both ASCVD
and T2DM.

The concept that insulin resistance clusters with glucose in-
tolerance, dyslipidemia, and hypertension to enhanceASCVD risk
was proposed by Reaven in 1988 (270). At that time, it was
presumed that the various clinical characteristics were linked by
an overriding pathophysiological mechanism tied to insulin re-
sistance, hence the term “insulin resistance syndrome.” In IRS, the
primacy of insulin resistance is posited on the grounds that insulin
resistance is an effective transducer of environmental influences,
with obesity (especially visceral) (10), cardiorespiratory fitness
(271), and stress (272) being the most important ones. On the
effector side, insulin exerts potent actions not only in pathways of
glucose homeostasis, but also on lipid turnover, BP control, and
vascular reactivity. Moreover, chronic hyperinsulinemia—the in
vivo adaptive response to insulin resistance—has been shown to
have pathogenic potential in its own right [e.g., by downregulating
insulin action (273), strengthening anti-natriuresis (274), or by
stimulating the adrenergic nervous system (275)], thereby creating
reinforcement circuits in the network (276). These facts are
supported by a wealth of experimental and clinical investigation
(277). Importantly, however, note that just as insulin resistance
alone is insufficient to alter glucose tolerance—for which some
degree of b-cell dysfunction is required—insulin resistance/
hyperinsulinemia is neither strictly necessary nor sufficient to
alter lipid metabolism, BP, or vascular function. Each of these
homeostatic systems is under the control of multiple factors. Also,
each of these systems is redundant, with plenty of interactions.

More recently, the pathophysiological IRS has been replaced
by combinations of clinical criteria, defined by various orga-
nizations, which attempt to describe a clinical entity, the
metabolic syndrome. The major purpose initially was to use
clinical signs and symptoms to identify people with a clustering
of risk factors, with a higher risk for ASCVD and T2DM than
the general population.

In fact, hyperinsulinemia predicts diabetes, dyslipidemia
(278), and, to a lesser extent, hypertension (279), and it is an
independent, when weak, ASCVD predictor (280). Measuring
insulin resistance directly (by the hyperinsulinemic–euglycemic
clamp technique or by glucose tolerance testing) is too difficult
for practical clinical use. Using fasting plasma insulin levels as a
proxy for insulin resistance introduces confounding, owing to
the partly different physiology of hyperinsulinemia and insulin
resistance (281) as well as lack of measurement standardization
across studies.

These practical hurdles have prompted the search for
practical, easily measured surrogates of insulin resistance,
among which the waist girth or the waist-to-hip ratio seemed
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best in certain epidemiological studies (282). Thus, anthropo-
metric measures have tended to replace insulin resistance in
various definitions of the syndrome, such as those from the
AHA/NHLBI (8), World Health Organization (283), NCEP
ATP III (284), IDF (9), European Group for the Study of Insulin
Resistance (285), and the American Association of Clinical
Endocrinologists (286). These varying definitions have adopted
mixtures of anthropometric, pathophysiological, and clinical
criteria. Predictors (waist girth, insulin, TGLs) and outcomes
(diabetes, hypertension) have been dichotomized (thresholds
rather than continuous variables), assembled (any two of three
or three of five criteria), and even prioritized (e.g., waist girth
first, then any two of three) as a result of clinical consensus,
without hard evidence for their usefulness.

The stability of the metabolic syndrome over time is ill-
defined: it may display a relatively high rate of spontaneous
regression (as is the case with IGT). In the only relevant study
(287), the prevalence of the metabolic syndrome did not in-
crease in Mexico City from 1990 to 1992 and 1997 to 1999
despite increasing central obesity. The metabolic syndrome by
itself offers little substantial advantage in ASCVD risk pre-
diction over available algorithms (e.g., the Framingham score).
However, a careful meta-analysis has shown that, depending on
the definition (and modifications thereof), sample size, subject
selection, duration of follow-up, outcome event, and type of
statistical analysis, using the metabolic syndrome as a predictor

may provide some improvement in risk assessment (288). To
predict diabetes, alternatively, the current definitions of met-
abolic syndrome do not offer any significant advantage over
other algorithms (289, 290) although they efficiently detect IGT
(21), which is an important antecedent of diabetes. Which
component of the syndrome carries what weight has not been
established.

For the metabolic syndrome to be a better predictor of risk
for ASCVD and T2DM, its criteria must be unambiguously
defined (291). Physiological parameters should not be di-
chotomized unless independent evidence proves the existence
of a threshold in their relationship to risk. Modeling should
explore nonlinearities andweighting, and established predictors
(e.g., age, familial diabetes, premature ASCVD) should be in-
cluded in the model.

In this document, the term “metabolic risk” is used so as not
to favor one term over another. One reason for avoiding the use
of “metabolic syndrome,” the most popular term, is that major
organizations that have produced guidelines for the metabolic
syndrome allow its diagnosis to be extended to individuals with
T2DM. The Endocrine Society recognizes T2DM as a separate
disease entity, for which other guidelines specific to diabetes are
applicable. Therefore, to avoid any confusion, metabolic risk is
restricted to individuals who do not manifest clinical diabetes. It
does not, however, exclude prediabetes from the category of
metabolic risk.
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82. Salas-Salvadó J, Bulló M, Estruch R, Ros E, Covas MI, Ibarrola-
Jurado N, Corella D, Arós F, Gómez-Gracia E, Ruiz-Gutiérrez V,
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Pintó X, Basora J, Mu~noz MA, Sorlı́ JV, Martı́nez-González MA.
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100. Hernáez Á, Casta~ner O, Goday A, Ros E, Pintó X, Estruch R,
Salas-Salvadó J, Corella D, Arós F, Serra-Majem L, Martı́nez-
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MC, Fitó M. The Mediterranean Diet decreases LDL athe-
rogenicity in high cardiovascular risk individuals: a ran-
domized controlled trial. Mol Nutr Food Res. 2017;61(9):
1601015.

101. Seron P, Lanas F, Pardo Hernandez H, Bonfill Cosp X. Exercise
for people with high cardiovascular risk. Cochrane Database Syst
Rev. 2014; (8):CD009387.

102. Willi C, Bodenmann P, Ghali WA, Faris PD, Cornuz J. Active
smoking and the risk of type 2 diabetes: a systematic review and
meta-analysis. JAMA. 2007;298(22):2654–2664.

103. US Preventive Services Task Force Guides to Clinical Preventive
Services. The Guide to Clinical Preventive Services 2012: Rec-
ommendations of the U.S. Preventive Services Task Force.
Rockville, MD: Agency for Healthcare Research and Quality
(US); 2012. Report No.: 12-05154.

104. Whitlock EP, Orleans CT, Pender N, Allan J. Evaluating primary
care behavioral counseling interventions: an evidence-based ap-
proach. Am J Prev Med. 2002;22(4):267–284.

105. Stead LF, Lancaster T. Combined pharmacotherapy and behav-
ioural interventions for smoking cessation. Cochrane Database
Syst Rev. 2012;10:CD008286.

106. Bhatnagar A, Whitsel LP, Ribisl KM, Bullen C, Chaloupka F,
Piano MR, Robertson RM, McAuley T, Goff D, Benowitz N;
American Heart Association Advocacy Coordinating Committee,
Council on Cardiovascular and Stroke Nursing, Council on
Clinical Cardiology, and Council on Quality of Care and Out-
comes Research. Electronic cigarettes: a policy statement from
the American Heart Association. Circulation. 2014;130(16):
1418–1436.

107. Nelluri B, Murphy K, Mookadam F, MookadamM. The current
literature regarding the cardiovascular effects of electronic ciga-
rettes. Future Cardiol. 2016;12(2):167–179.

108. Morris PB, Ference BA, Jahangir E, Feldman DN, Ryan JJ,
Bahrami H, El-Chami MF, Bhakta S, Winchester DE, Al-Mallah
MH, Sanchez Shields M, Deedwania P, Mehta LS, Phan BA,
Benowitz NL. Cardiovascular effects of exposure to cigarette
smoke and electronic cigarettes: clinical perspectives from the

3978 Rosenzweig et al Guidelines for Patients at Metabolic Risk J Clin Endocrinol Metab, September 2019, 104(9):3939–3985

D
ow

nloaded from
 https://academ

ic.oup.com
/jcem

/article-abstract/104/9/3939/5540926 by O
C

LC
 user on 01 August 2019

https://health.gov/paguidelines/second-edition/report/pdf/pag_advisory_committee_report.pdf
https://health.gov/paguidelines/second-edition/report/pdf/pag_advisory_committee_report.pdf
https://health.gov/dietaryguidelines/2015/resources/2015-2020_Dietary_Guidelines.pdf
https://health.gov/dietaryguidelines/2015/resources/2015-2020_Dietary_Guidelines.pdf


Prevention of Cardiovascular Disease Section Leadership Council
and Early Career Councils of the AmericanCollege of Cardiology.
J Am Coll Cardiol. 2015;66(12):1378–1391.

109. Somers VK, White DP, Amin R, AbrahamWT, Costa F, Culebras
A, Daniels S, Floras JS, Hunt CE, Olson LJ, Pickering TG,
Russell R, Woo M, Young T; American Heart Association
Council for High Blood Pressure Research Professional Education
Committee, Council on Clinical Cardiology; American Heart
Association Stroke Council; American Heart Association Council
on Cardiovascular Nursing; American College of Cardiology
Foundation. Sleep apnea and cardiovascular disease: an American
Heart Association/American College of Cardiology Foundation
scientific statement from the American Heart Association Council
for High Blood Pressure Research Professional Education Com-
mittee, Council on Clinical Cardiology, Stroke Council, and
Council on Cardiovascular Nursing. In collaboration with the
National Heart, Lung, and Blood Institute National Center on
Sleep Disorders Research (National Institutes of Health). Circu-
lation. 2008;118(10):1080–1111.

110. Portaluppi F, Tiseo R, Smolensky MH, Hermida RC, Ayala DE,
Fabbian F. Circadian rhythms and cardiovascular health. Sleep
Med Rev. 2012;16(2):151–166.

111. Qaseem A, Holty JE, Owens DK, Dallas P, StarkeyM, Shekelle P;
Clinical Guidelines Committee of the American College of Phy-
sicians. Management of obstructive sleep apnea in adults: a
clinical practice guideline from the American College of Physi-
cians. Ann Intern Med. 2013;159(7):471–483.
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López-Jaramillo P, Leiter LA, Dans A, Avezum A, Piegas LS,
Parkhomenko A, Keltai K, Keltai M, Sliwa K, Peters RJ, Held C,
Chazova I, Yusoff K, Lewis BS, Jansky P, Khunti K, Toff WD,
Reid CM, Varigos J, Sanchez-Vallejo G, McKelvie R, Pogue J,
Jung H, Gao P, Diaz R, Lonn E; HOPE-3 Investigators. Cho-
lesterol lowering in intermediate-risk persons without cardio-
vascular disease. N Engl J Med. 2016;374(21):2021–2031.

196. Neter JE, Stam BE, Kok FJ, Grobbee DE, Geleijnse JM. Influence
of weight reduction on blood pressure: a meta-analysis of
randomized controlled trials. Hypertension. 2003;42(5):
878–884.

197. Appel LJ, Champagne CM, Harsha DW, Cooper LS, Obarzanek
E, Elmer PJ, Stevens VJ, Vollmer WM, Lin PH, Svetkey LP,
Stedman SW, Young DR; Writing Group of the PREMIER
Collaborative Research Group. Effects of comprehensive lifestyle
modification on blood pressure control: main results of the
PREMIER clinical trial. JAMA. 2003;289(16):2083–2093.

198. Appel LJ, Moore TJ, Obarzanek E, Vollmer WM, Svetkey LP,
Sacks FM, Bray GA, Vogt TM, Cutler JA, Windhauser MM, Lin

PH, Karanja N; DASH Collaborative Research Group. A clinical
trial of the effects of dietary patterns on blood pressure. N Engl J
Med. 1997;336(16):1117–1124.

199. Aburto NJ, Ziolkovska A, Hooper L, Elliott P, Cappuccio FP,
Meerpohl JJ. Effect of lower sodium intake on health: systematic
review and meta-analyses. BMJ. 2013;346:f1326.

200. He FJ, Li J, Macgregor GA. Effect of longer term modest salt
reduction on blood pressure: Cochrane systematic review and
meta-analysis of randomised trials. BMJ. 2013;346:f1325.

201. Whelton PK, He J, Cutler JA, Brancati FL, Appel LJ, Follmann D,
Klag MJ. Effects of oral potassium on blood pressure. Meta-
analysis of randomized controlled clinical trials. JAMA. 1997;
277(20):1624–1632.

202. CornelissenVA, Smart NA. Exercise training for blood pressure: a
systematic review and meta-analysis. J Am Heart Assoc. 2013;
2(1):e004473.

203. Whelton SP, Chin A, Xin X, He J. Effect of aerobic exercise on
blood pressure: a meta-analysis of randomized, controlled trials.
Ann Intern Med. 2002;136(7):493–503.

204. Carlson DJ, Dieberg G, Hess NC, Millar PJ, Smart NA. Isometric
exercise training for blood pressure management: a systematic
review and meta-analysis.Mayo Clin Proc. 2014;89(3):327–334.

205. Inder JD, Carlson DJ, Dieberg G, McFarlane JR, Hess NC, Smart
NA. Isometric exercise training for blood pressure management: a
systematic review and meta-analysis to optimize benefit.
Hypertens Res. 2016;39(2):88–94.

206. XinX,He J, FrontiniMG,Ogden LG,MotsamaiOI,Whelton PK.
Effects of alcohol reduction on blood pressure: a meta-analysis of
randomized controlled trials. Hypertension. 2001 Nov;38(5):
1112–1117.

207. Roerecke M, Kaczorowski J, Tobe SW, Gmel G, Hasan OSM,
Rehm J. The effect of a reduction in alcohol consumption on
blood pressure: a systematic review and meta-analysis. Lancet
Public Health. 2017;2(2):e108–e120.

208. Emdin CA, Rahimi K, Neal B, Callender T, Perkovic V, Patel A.
Blood pressure lowering in type 2 diabetes: a systematic review
and meta-analysis. JAMA. 2015;313(6):603–615.

209. Ettehad D, Emdin CA, Kiran A, Anderson SG, Callender T,
Emberson J, Chalmers J, Rodgers A, Rahimi K. Blood pressure
lowering for prevention of cardiovascular disease and death: a
systematic review and meta-analysis. Lancet. 2016;387(10022):
957–967.

210. Bangalore S, Kumar S, Lobach I, Messerli FH. Blood pressure
targets in subjects with type 2 diabetes mellitus/impaired fasting
glucose: observations from traditional and bayesian random-
effects meta-analyses of randomized trials. Circulation. 2011
Jun 21;123(24):2799-810, 9 p following 810. doi: 10.1161/
CIRCULATIONAHA.110.016337.

211. Thomopoulos C, Parati G, Zanchetti A. Effects of blood-pressure-
lowering treatment on outcome incidence in hypertension: 10—
Should blood pressure management differ in hypertensive patients
with and without diabetes mellitus? Overview and meta-analyses
of randomized trials. J Hypertens. 2017;35(5):922–944.

212. Sundström J, Arima H, Jackson R, Turnbull F, Rahimi K,
Chalmers J, Woodward M, Neal B; Blood Pressure Lowering
Treatment Trialists’ Collaboration. Effects of blood pressure
reduction in mild hypertension: a systematic review and meta-
analysis. Ann Intern Med. 2015;162(3):184–191.

213. Fretheim A, Odgaard-Jensen J, Brørs O, Madsen S, Njølstad I,
Norheim OF, Svilaas A, Kristiansen IS, Thürmer H, Flottorp S.
Comparative effectiveness of antihypertensive medication for
primary prevention of cardiovascular disease: systematic review
and multiple treatments meta-analysis. BMC Med. 2012;10(1):
33.

214. Law MR, Morris JK, Wald NJ. Use of blood pressure lowering
drugs in the prevention of cardiovascular disease: meta-analysis of
147 randomised trials in the context of expectations from pro-
spective epidemiological studies. BMJ. 2009;338:b1665.

3982 Rosenzweig et al Guidelines for Patients at Metabolic Risk J Clin Endocrinol Metab, September 2019, 104(9):3939–3985

D
ow

nloaded from
 https://academ

ic.oup.com
/jcem

/article-abstract/104/9/3939/5540926 by O
C

LC
 user on 01 August 2019



215. Blood Pressure Lowering Treatment Trialists’ Collaboration.
Blood pressure-lowering treatment based on cardiovascular risk:
a meta-analysis of individual patient data. Lancet. 2014;
384(9943):591–598.

216. Thomopoulos C, Parati G, Zanchetti A. Effects of blood pressure
lowering on outcome incidence in hypertension: 2. Effects at
different baseline and achieved blood pressure levels—overview
and meta-analyses of randomized trials. J Hypertens. 2014;
32(12):2296–2304.

217. Thomopoulos C, Parati G, Zanchetti A. Effects of blood pressure
lowering on outcome incidence in hypertension: 3. Effects in patients
at different levels of cardiovascular risk—overview and meta-
analyses of randomized trials. JHypertens. 2014;32(12):2305–2314.

218. Lonn EM, Jung H, Yusuf S. Blood-pressure and cholesterol
lowering in the HOPE-3 Trial. N Engl J Med. 2016;375(12):
1193–1194.

219. Dungan K, Craven TE, Soe K, Wright JT Jr, Basile J, Haley WE,
Kressin NR, Rani U, Tamariz L, Whittle J, Wiggers A, Osei K.
Influence of metabolic syndrome and race on the relationship
between intensive blood pressure control and cardiovascular
outcomes in the SPRINT cohort. Diabetes Obes Metab. 2018;
20(3):629–637.

220. Pischon T, Sharma AM. Use of beta-blockers in obesity hyper-
tension: potential role of weight gain. Obes Rev. 2001;2(4):
275–280.

221. Lee P, Kengne AP, Greenfield JR, Day RO, Chalmers J, Ho KK.
Metabolic sequelae of b-blocker therapy: weighing in on the
obesity epidemic? Int J Obes (Lond). 2011;35(11):1395–1403.

222. Thomopoulos C, Parati G, Zanchetti A. Effects of blood pressure
lowering on outcome incidence in hypertension: 7. Effects of more
vs. less intensive blood pressure lowering and different achieved
blood pressure levels—updated overview and meta-analyses of
randomized trials. J Hypertens. 2016;34(4):613–622.

223. Gerstein HC, Yusuf S, Bosch J, Pogue J, Sheridan P, Dinccag N,
Hanefeld M, Hoogwerf B, Laakso M, Mohan V, Shaw J,
Zinman B, Holman RR; DREAM (Diabetes Reduction As-
sessment with Ramipril and Rosiglitazone Medication) Trial
Investigators. Effect of rosiglitazone on the frequency of diabetes
in patients with impaired glucose tolerance or impaired fasting
glucose: a randomised controlled trial. Lancet. 2006;368(9541):
1096–1105.

224. Barzilay JI, Davis BR, Pressel SL, Cutler JA, Einhorn PT, Black
HR, Cushman WC, Ford CE, Margolis KL, Moloo J, Oparil S,
Piller LB, Simmons DL, Sweeney ME, Whelton PK, Wong ND,
Wright JT Jr; ALLHAT Collaborative Research Group. Long-
term effects of incident diabetes mellitus on cardiovascular out-
comes in people treated for hypertension: the ALLHAT Diabetes
Extension Study. Circ Cardiovasc Qual Outcomes. 2012;5(2):
153–162.

225. Reisin E, Graves JW, Yamal JM, Barzilay JI, Pressel SL, Einhorn
PT, Dart RA, Retta TM, Saklayen MG, Davis BR; ALLHAT
Collaborative Research Group. Blood pressure control and car-
diovascular outcomes in normal-weight, overweight, and obese
hypertensive patients treated with three different antihyperten-
sives in ALLHAT. J Hypertens. 2014;32(7):1503–1513.

226. Black HR, Davis B, Barzilay J, Nwachuku C, Baimbridge C,
Marginean H, Wright JT Jr, Basile J, Wong ND, Whelton P, Dart
RA, Thadani U; Antihypertensive and Lipid-Lowering Treatment
to Prevent Heart Attack Trial. Metabolic and clinical outcomes in
nondiabetic individuals with the metabolic syndrome assigned to
chlorthalidone, amlodipine, or lisinopril as initial treatment for
hypertension: a report from the Antihypertensive and Lipid-
Lowering Treatment to Prevent Heart Attack Trial (ALLHAT).
Diabetes Care. 2008;31(2):353–360.

227. Bangalore S, Parkar S, Grossman E, Messerli FH. A meta-analysis
of 94,492 patients with hypertension treated with beta blockers to
determine the risk of new-onset diabetes mellitus. Am J Cardiol.
2007;100(8):1254–1262.

228. Yang Y, Xu H. Comparing six antihypertensive medication
classes for preventing new-onset diabetes mellitus among hy-
pertensive patients: a network meta-analysis. J Cell Mol Med.
2017;21(9):1742–1750.

229. Bakris GL, Fonseca V, Katholi RE, McGill JB, Messerli FH,
Phillips RA, Raskin P, Wright JT Jr, Oakes R, Lukas MA,
Anderson KM, Bell DS; GEMINI Investigators. Metabolic effects
of carvedilol vs metoprolol in patients with type 2 diabetes
mellitus and hypertension: a randomized controlled trial. JAMA.
2004;292(18):2227–2236.

230. Messerli FH, Bell DS, Fonseca V, Katholi RE, McGill JB, Phillips
RA, Raskin P, Wright JT Jr, Bangalore S, Holdbrook FK, Lukas
MA, Anderson KM, Bakris GL; GEMINI Investigators. Body
weight changes with b-blocker use: results from GEMINI. Am J
Med. 2007;120(7):610–615.

231. Marketou M, Gupta Y, Jain S, Vardas P. Differential metabolic
effects of beta-blockers: an updated systematic review of nebi-
volol. Curr Hypertens Rep. 2017;19(3):22.

232. Ayers K, Byrne LM, DeMatteo A, Brown NJ. Differential effects
of nebivolol and metoprolol on insulin sensitivity and plasmin-
ogen activator inhibitor in the metabolic syndrome. Hyperten-
sion. 2012;59(4):893–898.

233. de Boer RA, Doehner W, van der Horst IC, Anker SD, Babalis D,
RoughtonM, Coats AJ, FlatherMD, van Veldhuisen DJ; SENIORS
Investigators. Influence of diabetes mellitus and hyperglycemia on
prognosis in patients . or 570 years old with heart failure and
effects of nebivolol (data from the Study of Effects of Nebivolol
Intervention on Outcomes and Rehospitalization in Seniors with
heart failure [SENIORS]). Am J Cardiol. 2010;106(1):78–86.e1.

234. Bakris G, Molitch M, Hewkin A, Kipnes M, Sarafidis P, Fakouhi
K, Bacher P, Sowers J; STAR Investigators. Differences in glucose
tolerance between fixed-dose antihypertensive drug combinations
in people with metabolic syndrome. Diabetes Care. 2006;29(12):
2592–2597.

235. Bakris G, Stockert J, MolitchM, Zhou Q, Champion A, Bacher P,
Sowers J; STAR Investigators. Risk factor assessment for new
onset diabetes: literature review. Diabetes Obes Metab. 2009;
11(3):177–187.

236. Bakris G, Molitch M, Zhou Q, Sarafidis P, Champion A, Bacher
P, Sowers JR. Reversal of diuretic-associated impaired glucose
tolerance and new-onset diabetes: results of the STAR-LET study.
J Cardiometab Syndr. 2008;3(1):18–25.

237. Knowler WC, Hamman RF, Edelstein SL, Barrett-Connor E,
Ehrmann DA, Walker EA, Fowler SE, Nathan DM, Kahn SE;
Diabetes Prevention ProgramResearch Group. Prevention of type
2 diabetes with troglitazone in the Diabetes Prevention Program.
Diabetes. 2005;54(4):1150–1156.

238. Aroda VR, Knowler WC, Crandall JP, Perreault L, Edelstein SL,
Jeffries SL, Molitch ME, Pi-Sunyer X, Darwin C, Heckman-
Stoddard BM, Temprosa M, Kahn SE, Nathan DM; Diabetes
Prevention Program Research Group. Metformin for diabetes
prevention: insights gained from the Diabetes Prevention
Program/Diabetes Prevention Program Outcomes Study. Dia-
betologia. 2017;60(9):1601–1611.

239. Buchanan TA, Xiang AH, Peters RK, Kjos SL, Marroquin A,
Goico J, Ochoa C, Tan S, Berkowitz K, Hodis HN, Azen SP.
Preservation of pancreatic b-cell function and prevention of type 2
diabetes by pharmacological treatment of insulin resistance in
high-risk hispanic women. Diabetes. 2002;51(9):2796–2803.

240. Rizos CV, Kei A, ElisafMS. The current role of thiazolidinediones
in diabetes management. Arch Toxicol. 2016;90(8):1861–1881.

241. Gerstein HC, Bosch J, Dagenais GR, Dı́az R, Jung H, Maggioni
AP, Pogue J, Probstfield J, Ramachandran A, Riddle MC, Rydén
LE, Yusuf S; ORIGIN Trial Investigators. Basal insulin and
cardiovascular and other outcomes in dysglycemia.NEngl JMed.
2012;367(4):319–328.

242. Chiasson JL, Josse RG, Gomis R, HanefeldM, Karasik A, Laakso
M; STOP-NIDDM Trail Research Group. Acarbose for

doi: 10.1210/jc.2019-01338 https://academic.oup.com/jcem 3983

D
ow

nloaded from
 https://academ

ic.oup.com
/jcem

/article-abstract/104/9/3939/5540926 by O
C

LC
 user on 01 August 2019

http://dx.doi.org/10.1210/jc.2019-01338
https://academic.oup.com/jcem


prevention of type 2 diabetes mellitus: the STOP-NIDDM
randomised trial. Lancet. 2002;359(9323):2072–2077.

243. Kawamori R, TajimaN, Iwamoto Y, Kashiwagi A, Shimamoto K,
Kaku K; Voglibose Ph-3 Study Group. Voglibose for prevention
of type 2 diabetes mellitus: a randomised, double-blind trial in
Japanese individuals with impaired glucose tolerance. Lancet.
2009;373(9675):1607–1614.

244. Flory JH, Ukena JK, Floyd JS. Novel anti-glycemic drugs and
reduction of cardiovascular risk in diabetes: expectations realized,
promises unmet. Curr Atheroscler Rep. 2016;18(12):79.

245. MacArthur J, Bowler E, Cerezo M, Gil L, Hall P, Hastings E,
Junkins H, McMahon A, Milano A, Morales J, Pendlington ZM,
Welter D, Burdett T, Hindorff L, Flicek P, Cunningham F,
ParkinsonH. The newNHGRI-EBI Catalog of published genome-
wide association studies (GWAS Catalog). Nucleic Acids Res.
2017;45(D1):D896–D901.

246. Ripatti S, Tikkanen E, Orho-Melander M, Havulinna AS,
Silander K, Sharma A, Guiducci C, Perola M, Jula A, Sinisalo J,
Lokki ML, Nieminen MS, Melander O, Salomaa V, Peltonen L,
Kathiresan S. A multilocus genetic risk score for coronary heart
disease: case-control and prospective cohort analyses. Lancet.
2010;376(9750):1393–1400.

247. Tada H, Melander O, Louie JZ, Catanese JJ, Rowland CM,
Devlin JJ, Kathiresan S, Shiffman D. Risk prediction by genetic
risk scores for coronary heart disease is independent of self-
reported family history. Eur Heart J. 2016;37(6):561–567.

248. Abraham G, Havulinna AS, Bhalala OG, Byars SG, De Livera
AM, Yetukuri L, Tikkanen E, Perola M, Schunkert H, Sijbrands
EJ, Palotie A, Samani NJ, Salomaa V, Ripatti S, Inouye M. Ge-
nomic prediction of coronary heart disease. Eur Heart J. 2016;
37(43):3267–3278.

249. Meigs JB, Shrader P, Sullivan LM,McAteer JB, Fox CS, Dupuis J,
Manning AK, Florez JC, Wilson PW, D’Agostino RB Sr, Cupples
LA. Genotype score in addition to common risk factors for
prediction of type 2 diabetes. N Engl J Med. 2008;359(21):
2208–2219.

250. LyssenkoV, Jonsson A, Almgren P, Pulizzi N, Isomaa B, Tuomi T,
BerglundG, Altshuler D, Nilsson P, Groop L. Clinical risk factors,
DNA variants, and the development of type 2 diabetes. N Engl J
Med. 2008;359(21):2220–2232.

251. Hivert MF, Vassy JL, Meigs JB. Susceptibility to type 2 diabetes
mellitus—from genes to prevention. Nat Rev Endocrinol. 2014;
10(4):198–205.

252. Khera AV, Emdin CA, Drake I, Natarajan P, Bick AG, Cook NR,
ChasmanDI, Baber U,MehranR, Rader DJ, Fuster V, Boerwinkle
E, Melander O, Orho-Melander M, Ridker PM, Kathiresan S.
Genetic risk, adherence to a healthy lifestyle, and coronary dis-
ease. N Engl J Med. 2016;375(24):2349–2358.

253. Florez JC, Jablonski KA, Bayley N, Pollin TI, de Bakker PI,
Shuldiner AR, Knowler WC, Nathan DM, Altshuler D; Diabetes
Prevention Program Research Group. TCF7L2 polymorphisms
and progression to diabetes in the Diabetes Prevention Program.
N Engl J Med. 2006;355(3):241–250.

254. Wang J, Kuusisto J, Vänttinen M, Kuulasmaa T, Lindström J,
Tuomilehto J, Uusitupa M, Laakso M. Variants of transcription
factor 7-like 2 (TCF7L2) gene predict conversion to type 2 di-
abetes in the Finnish Diabetes Prevention Study and are associated
with impaired glucose regulation and impaired insulin secretion.
Diabetologia. 2007;50(6):1192–1200.

255. Hivert MF, Jablonski KA, Perreault L, Saxena R, McAteer JB,
Franks PW, Hamman RF, Kahn SE, Haffner S, Meigs JB,
Altshuler D, Knowler WC, Florez JC; DIAGRAM Consortium;
Diabetes Prevention Program Research Group. Updated genetic
score based on 34 confirmed type 2 diabetes loci is associated with
diabetes incidence and regression to normoglycemia in the di-
abetes prevention program. Diabetes. 2011;60(4):1340–1348.
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