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Structured Abstract

Background: This review updates prior reviews on screening for lipid disorders in adults, and
will be used by the United States Preventive Services Task Force (USPSTF) to update their 2008
recommendation. Unlike prior USPSTF reviews, it focuses on screening in younger adults,
defined as adults 21 to 39 years of age, as there is more uncertainty about the need to perform
lipid screening in this population than in older adults.

Data Sources: We searched the Cochrane Central Register of Controlled Trials, Cochrane
Database of Systematic Reviews, and Ovid MEDLINE from 2008 to November 2015, and
manually reviewed reference lists.

Study Selection: Two investigators independently reviewed the literature for studies on
screening and treatment of asymptomatic adults ages 21 to 39 years for dyslipidemia, including
randomized controlled trials, case-control studies, cohort studies, and good-quality systematic
reviews.

Results: No study evaluated the effects of lipid screening versus no screening, treatment versus
no treatment, or delayed versus earlier treatment on clinical outcomes in younger adults. In
addition, no study evaluated the diagnostic yield of alternative screening strategies in younger
adults (e.g., targeted screening of persons with a family history of hyperlipidemia versus general
screening). Longitudinal studies suggest that lipid levels have a tendency to increase over time in
younger adults, though no study evaluated how lipid levels changed according to different
intervals between repeat testing or the proportion of patients who would move from one risk
category to another.

Limitations: Lack of direct evidence in younger adults.

Conclusions: Direct evidence on benefits and harms of screening or treatment for dyslipidemia
in younger adults remains unavailable.
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Chapter 1. Introduction

Purpose and Previous U.S. Preventive Services Task Force
Recommendation

The purpose of this report is to update prior reviews'™ conducted for the U.S. Preventive
Services Task Force (USPSTF) on screening for lipid disorders in adults. It will be used by the
USPSTF to update its 2008 recommendation.*

In 2008, the USPSTF strongly recommended lipid screening in all men 35 years and older and in
women 45 years and older at increased risk for coronary heart disease (CHD) (A
Recommendation) based on good evidence that lipid-lowering drug therapy decreases the
incidence of CHD events in persons with abnormal lipids, resulting in substantial absolute
benefits.* The USPSTF recommended screening in men 20 to 35 years of age and women 20 to
45 years of age with risk factors for CHD (B recommendation) due to the lower incidence of
CHD events in these populations, resulting in lower expected benefits. The USPSTF made no
recommendation for or against lipid screening in men aged 20 to 35 or in women 20 and older
not at increased risk (C Recommendation) due to small expected benefits.

A difference between this update and prior USPSTF reviews on lipid screening is that it focuses
on screening in younger adults (defined for this report as adults 21 to 39 years of age). The
USPSTF restricted the scope of this update to younger adults because in older adults, lipid levels
are obtained as part of routine cardiovascular risk assessment, and the decision to initiate statins
is often based on a global assessment of cardiovascular risk or presence of cardiovascular risk
factors in addition to abnormal lipid levels. In younger adults, however, there is more uncertainty
about the need to perform cardiovascular risk assessment, and lipid screening might identify
those who would benefit from earlier interventions to lower lipid levels.’

A separate evidence review has been commissioned by the USPSTF on use of statins for
prevention of cardiovascular disease (CVD) in adults 40 years of age and older.’

Condition Definition

Lipid disorders refer to abnormalities of cholesterol, including low-density lipoproteins (LDL-
C), high-density lipoproteins (HDL-C), and triglycerides. The National Cholesterol Education
Project (NCEP) Adult Treatment Panel IIT (ATP III) defined “optimal” LDL levels as <100
mg/dL and “high” as >160 mg/dL; “desirable” total cholesterol as <200 mg/dL and “high” as
>240 mg/dL; “low” HDL-C as <40 mg/dL; and elevated triglycerides as >150 mg/dL; although
threshol7ds for treatment varied depending on the presence of risk factors for cardiovascular
disease.
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Prevalence and Burden of Disease/lllness

The prevalence of lipid disorders is high in the United States, with an estimated 53 percent
(105.3 million) of adults affected.® Specifically, 27 percent of Americans (53.5 million) have
high LDL-C, 23 percent (46.4 million) have low HDL-C, and 30 percent (58.9 million) have
high triglycerides. According to National Health and Nutrition Examination Survey (NHANES)
data from 2003 to 2006, 13 percent of those adults with high LDL-C, 22 percent of adults with
high non-HDL-C, and 8 percent of adults with the combination of high LDL-C, low HDL-C, and
high triglycerides were in the 20 to 34 year age group.® In 2003 to 2004, 64 percent of adults
aged 290 to 29 and 57 percent of adults aged 30 to 39 met NCEP recommended levels for all
lipids.

Lipid disorders are associated with CHD, which may lead to sudden coronary death and
myocardial infarction. Prevalence of CHD increases with age and is higher in men than in
women at the same age.'® In 2010, the overall prevalence of CHD was 6.0 percent, and among
those aged 18 to 44 the age-adjusted prevalence was 1.2 percent.'® Prevalence of CHD varies by
race, with 11.6 percent of American Indians/Alaska Natives, 6.5 percent of blacks, 6.1 percent of
Hispanics, 5.8 percent of whites, and 3.9 percent of Asian/Pacific Islanders affected. For young
adults ages 20 to 39, the prevalence of CVD, including all diseases of the circulatory system as
well as congenital CVD, was 14.9 percent in men and 8.7 percent in women.''

CHD is the leading cause of death in the United States.'*'® In 2013, the American Heart
Association (AHA) estimated that approximately 635,000 Americans would have a new
myocardial infarction or CHD death and 280,000 would have a recurrent cardiovascular event,
with an additional 150,000 persons having silent myocardial infarctions.'* The number of
myocardial infarctions or fatal CHD events is estimated at 20,000 annually for men aged 35 to
44 years and 5,000 annually for women aged 35 to 44 years."* In 2011, CHD caused 12 percent
of deaths in persons aged 25 to 44 years."” Estimates based on Framingham Heart Study
participants from 1971 to 1996 indicated that the lifetime risks (through age 80 years) of CHD
for 40 year old men with a total cholesterol of 200, 200 to 239, and >240 mg/dL were 31, 43, and
57 percent, respectively, with 10-year cumulative risks of 3, 5, and 12 percent. For younger
adults, data from the Chicago Heart Association study (from 1967 to 1973) with mortality
followup in 2002, estimated 10-year CHD mortality in the highest risk decile of 0.58 percent in
the 18 to 29 age group and 1.72 percent in the 30 to 39 age group."’

In 2010, heart disease was associated with 972 age-adjusted potential life-years lost per 100,000
persons under 75 years of age.'®'” In 2008, heart disease and stroke accounted for nearly 300
billion dollars in health care costs.'®

Etiology and Natural History

Cholesterol is a lipid that is present in all animal cells; it is vital to cell membrane structure and
acts as a precursor to vitamin D, adrenal and gonadal steroid hormones and bile acids." The
body is able to absorb dietary cholesterol and also synthesize it de novo. In a typical Western
diet, cholesterol intake is about 300 to 450 mg per day and endogenous cholesterol amounts to

Screening for Dyslipidemia in Younger Adults 2 Pacific Northwest EPC



800 to 1400 mg per day. A total of 1000 to 2000 mg of cholesterol can be absorbed by the small
intestine. Plasma cholesterol levels depend on many factors including diet and genetics. In the
general population, there is great variability in how cholesterol is synthesized and absorbed.
Plasma cholesterol levels are the sum of intestinal cholesterol absorption and hepatic cholesterol
synthesis balanced by net biliary excretion and cell use.

Cholesterol is transported in the body as particles of lipid and protein (lipoproteins).” There are
three classes of lipoproteins: LDL-C, HDL-C, and very low density lipoproteins (VLDL-C).
LDL-C makes up 60 to 70 percent of total serum cholesterol, HDL-C contributes 20 to 30
percent, and VLDL-C contributes 10 to 15 percent. LDL-C is the primary atherogenic
lipoprotein and is the primary target of cholesterol-lowering therapy, although some forms of
VLDL-C are precursors to LDL-C and promote atherosclerosis. HDL-C is inversely related to
risk for CHD.

LDL-C is atherogenic when it accumulates in blood vessels, contributing to plaque formation.
The fully developed plaque consists of a core of cholesterol, surrounded by a capsule of
connective tissue.”’ The plaque core is surrounded by foam cells, which are macrophages
containing intracytoplasmic cholesterol. These cells produce procoagulant and inflammatory cell
mediators. Early stage plaque formation is not associated with structural damage to the
endothelium, but later stage plaque formation leads to endothelial erosion that exposes the
underlying connective tissue and allows platelets to adhere to the site, potentially leading to
plaque smooth muscle cell growth through release of growth factor. Further endothelial erosion
and disruption contribute to thrombus formation. As the thrombus builds, blood flow sends
clumps of platelets into the distal small arteries as emboli and the thrombus may continue to
grow until it occludes the artery, resulting in myocardial infarction, cerebrovascular accident
(CVA), or another ischemic event. Endothelial erosion and disruption result from enhanced
inflammatory activity within the plaque produced by smooth muscle cells and macrophages.
Certain plaque characteristics like a large lipid core, high density of macrophages, and low
density of smooth muscle cells in the cap are markers of plaques that are more likely to undergo
thrombosis. The risk of a person with coronary artery disease having a future thrombogenic
event is more associated with the presence and number of vulnerable plaques than the total
number of plaques.

Exposure to nonoptimal lipid levels in young adulthood is associated with atherosclerotic
changes later in life. One prospective cohort study of 2,824 persons age 18 to 30 years with
nonoptimal levels of LDL—C (defined as >100 mg/dl) at baseline found an association between
cumulative exposure to higher LDL or lower HDL levels and markers of atherosclerosis two
decades later.”’

People with familial hypercholesterolemia may have dramatically high levels of LDL-C, which
can lead to accelerated atherosclerosis and, if untreated, early cardiovascular death.**** Familial
hypercholesterolemia is caused by mutations in the LDL receptor gene, which reduce the number
of LDL—C receptors or prevent LDL-C from binding to these receptors, thereby reducing LDL-C
removal from the blood. Patients with two mutant copies of the LDL receptor gene have the
homozygous form of familial hypercholesterolemia. This condition is rare, with a prevalence of
about 1:1,000,000.25 The characteristic clinical presentation includes skin and tendon
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xanthomoas, total cholesterol levels between 500 and 1,000 mg/dL, and the onset in childhood of
symptomatic coronary disease as well as aortic valve and proximal root disease.”**’ The
heterozygous form of familial hypercholesterolemia is more common, with a prevalence of
approximately 1:500 in the United States and United Kingdom. Total cholesterol levels in
heterozygous familial hypercholesterolemia are less highly elevated than for homozygous
familial hypercholesterolemia, averaging 325 to 450 mg/dL, but patients are also at increased
risk for CHD and death in young adulthood due to prolonged exposure to high lipid levels that
often starts in childhood.*® The estimated proportion of persons with familial
hypercholesterolemia who would have an early CHD event in the absence of recognition and
treatment is 5 percent to 15 percent in men prior to 35 years of age, and 10 percent to 15 percent
in women prior to 45 years of age.”**” Many patients with severe hypercholesterolemia do not
have an identifiable genetic defect.”* Evidence suggests that the clinical consequences of severe
hypercholesterolemia are the same regardless of the underlying cause.

Risk Factors

Risk factors for dyslipidemia (high LDL, low HDL, high triglycerides) include physical
inactivity, obesity, abdominal obesity, metabolic syndrome, hypertension, an atherogenic diet
(high in saturated fatty acids, cholesterol, and sodium), consumption of added dietary sugars,
genetic factors (including family history of familial hypercholesterolemia), increased age, male
sex, and hypothyroidism.”**%*! Elevated triglycerides are associated with overweight and
obesity, physical inactivity, smoking, excess alcohol intake, high carbohydrate diet, other
diseases such as diabetes and nephritic syndrome, medications such as corticosteroids or
estrogens, and genetic factors.” Hyperlipidemia is also associated with human immunodeficiency
virus infection, renal transplant, and use of antipsychotic medications and protease inhibitors.**>*

Dyslipidemia is a risk factor for CHD.” Other modifiable risk factors for CHD include
hypertension, smoking, thrombogenic/hemostatic state, diabetes, obesity, physical inactivity, and
an atherogenic diet. Non-modifiable risk factors include age (male >45 years, female >55 years),
male sex, and family history of early CHD.

Non-HDL-C (i.e., total cholesterol minus HDL-C) is a measure that includes all potentially
atherogenic lipoprotein particles (LDL, VLDL, intermediate-density lipoprotein [IDL], and
lipoprotein[a]), and it may be a more accurate predictor of CHD risk than LDL-C.**3*?*
Apolipoprotein-B directly measures the total number of atherogenic particles, although it is
unclear whether it adds to HDL-C and total cholesterol as a marker of CHD risk.>***>° In
addition, total and HDL-C are easier and less costly to measure. Other potential risk factors for
CVD include alternative measures of lipid status such as total cholesterol-to-HDL ratio or other
lipoprotein levels and non-lipid factors such as inflammatory markers (e.g., C-reactive protein,*’
homocysteine) and thrombogenic factors (e.g., fibrinogen, antithrombin III, factor V Leiden).’

In 2008, the USPSTF recommended screening with a fasting or nonfasting HDL, with either the
total cholesterol or a measure of LDL.* In 2009, a USPSTF evidence review of nine emerging
risk factors including C-reactive protein, leukocyte count, homocysteine levels, and lipoprotein
levels found that evidence was insufficient to support the use of these risk factors to reclassify
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intermediate-risk persons for CHD as high-risk, although it found that evidence for C-reactive
protein was promising.*® Clinical practice guidelines continue to predominantly focus on LDL-C
as the primary lipid risk factor.

Rationale for Screening/Screening Strategies

Due to the asymptomatic nature of lipid disorders, screening is required for detection. Detection
of younger adults with lipid disorders could enable implementation of management strategies
such as lifestyle modification or medications that could prevent negative cardiovascular
outcomes in persons at immediate risk for an event, or decrease risk of future events. Screening
could be of particular benefit for identification of young adults with markedly elevated lipid
levels due to unrecognized familial hypercholesterolemia.

Screening involves blood tests which may be obtained fasting or non-fasting. Although current
recommendations generally recommend testing of total cholesterol and LDL-C, they differ on
other lipid components to be tested, the age to start testing, and frequency of screening. (See
Recommendations of Other Groups section below).

Interventions/Treatment

Standard treatments for lipid disorders in adults include use of medications, diet, and/or exercise
interventions, or a combination of these interventions. Prior to 2013, treatment in the United
States generally followed recommendations from the Third Report of the NCEP ATP III, which
recommended global cardiovascular risk evaluation including measurement of lipids starting at
age 20 years to guide decisions regarding use of lipid lowering therapy.” LDL-C thresholds for
initiation of lipid lowering therapy following lifestyle intervention efforts varied from >130 to
190 mg/dL depending on the assessed risk category (defined as low, based on estimated risk of
<10% for a CVD event after 10 years; intermediate, based on estimated 10% to 20% risk; or
high, based on estimated risk >20%). Drug options for lipid lowering included statins, bile acid
sequestrants, nicotinic acid, and fibrates, although statins were designated as the initial drug of
choice given proven efficacy for lowering LDL-C and evidence showing improved clinical
outcomes. Therapy with a statin or other lipid-lowering therapy was targeted to achieve goal
LDL levels that varied from <100 to <160 mg/dL depending on the risk category.

Updated guidelines from the American College of Cardiology (ACC) and the AHA on lipid
lowering therapy were issued at the end of 2013, and differ from ATP III in a number of ways. In
the new guideline, statins are the recommended first-line lipid-lowering therapy to reduce CVD
risk, as evidence on effectiveness of lipid lowering therapies at improving clinical outcomes is
strongest for statins.>’ Target populations for statin therapy were re-defined as four groups:
persons with clinical CVD, persons 40 to 75 years of age with diabetes and LDL-C 70 to 189
mg/dL, persons with LDL-C >190 mg/dL, or persons 40 to 75 years of age with an estimated 10-
year risk of CVD of 7.5 percent or higher. In patients in the latter group who do not meet criteria
for one of the other target populations, a clinician-patient risk discussion is recommended prior
to initiation of statin therapy. Rather than managing statin therapy to achieve an LDL-C target,
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the ACC/AHA recommends fixed dose statin therapy, with the intensity (based on the dose and
potency of the statin used, and thus, the expected degree of LDL-C reduction) of therapy
determined by the risk profile. The updated guideline also recommends the use of a newly
developed global risk calculator to estimate risk.

In patients with familial hyperlipidemia, a guideline from the National Lipid Association
recommends lifestyle modification, moderate to high potency statins as first-line drug therapy
(alternative drugs or combination therapy is recommended in persons who cannot tolerate statins
or do not meet LDL reduction of >50% from baseline), and LDL apheresis in high-risk patients
who do not meet lipid targets on lifestyle and drugs.*'

Current Clinical Practice in the United States

A study based on 1996 to 2006 NHANES data from 2,587 adults aged 20 to 45 years found
overall lipid screening rates of <50 percent.*” Screening rates varied based on the presence of
cardiovascular risk factors. Lipid testing rates was 68 percent in those with CHD or CHD
equivalents, 47 percent in those with >2 risk factors, 45 percent in those with one risk factor, and
42 percent in those with no known risk factors. The presence of CHD or CHD equivalent was
associated with increased likelihood of screening compared with presence of no risk factors
(relative risk 1.5; 95 percent confidence interval 1.1 to 2.2). In addition, women were more likely
to have undergone screening compared with men. Among those with a CHD or CHD equivalent,
two or more risk factors, one, or no risk factors, screening rates for women were 69 percent, 53
percent, 52 percent, and 49 percent, respectively; corresponding rates for men were 64 percent,
38 percent, 36 percent, and 30 percent, respectively.** A study based on a 2005 United States
National Ambulatory Medical Care survey found disparities in rates of lipid screening in adults
>20 years of age, with higher rates in whites (40%) versus blacks (33%) or Hispanics (39%).**
Results were not reported separately for younger adults.

Healthy People 2020 has set a target screening rate of 82 percent screening rate within the last
five years for age >18 years (increased from 75% in 2008).%

Recommendations of Other Groups

Recommendations for lipid screening in young adults without risk factors for CHD vary, with
some guidelines recommending screening starting at age 20 and others not recommending
screening until age 35 to 40 for men or 40 to 50 for women. In general, guidelines recommend
screening younger adults with CHD, CHD equivalents, or one or more CHD risk factor.

The ATP III guideline recommends screening all persons >20 years old every 5 years with LDL-
C, HDL-C, total cholesterol, and triglycerides.” It recommends that clinicians perform a
lipoprotein analysis and risk factor evaluation to assign risk status as part of the first patient visit
for adults >20 years and, depending on the results, initiate efforts to control risk factors with re-
evaluation in 1 to 5 years or initiate lifestyle changes.’
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The ACC and AHA guidelines of assessment of cardiovascular risk does not specifically address
lipid screening, but recommends ““as reasonable” assessment of traditional cardiovascular risk
factors every 4 to 6 years starting at age 20 (grade Ila recommendation).’ Although the Pooled
Cohort Equations CV Risk Calculator developed by the ACC and AHA estimates lifetime risk of
atherosclerotic cardiovascular disease in persons 20 years of age or older, the guideline does not
make a recommendation to apply the Pooled Cohort Equations CV Risk Calculator in persons
younger than 40 years of age.

The American Diabetes Association recommends lipid screening in patients with diabetes
recommended at least annually, and every 2 years for adults with low-risk lipid values (LDL-C
<100 mg/dL, HDL-C >50 mg/dL, and triglycerides <150 mg/dL).*

The Task Force for the Management Dyslipidaemias of the European Society of Cardiology and
the European Atherosclerosis Society recommend risk-level based screening depending on
various risk factors (e.g., diabetes, established CVD, hypertension, smoking, body mass index
>30 kg/m?, family history of premature CVD and familial dyslipidemia, chronic inflammatory
disease, chronic kidney disease). Assessment of lipid levels may be considered in men >40 and
women >50 years of age.”’

The Canadian Working Group on Hypercholesterolemia and Other Dyslipidemias recommend
screening men over 40 years of age, postmenopausal women, or women over 50 years of age,
patients with diabetes mellitus, hypertension, smoking or abdominal obesity, or a strong family
history of premature cardiovascular disease manifestations of hyperlipidemia (e.g., xanthelasma,
xanthoma or arcus corneae), or evidence of symptomatic or asymptomatic atherosclerosis, or any
patient for whom “lifestyle changes are indicated.” This group further recommends use of NCEP
ATP-III risk estimation algorithm with LDL and total HDL ratio as targets.**

The American Academy of Family Physicians concurs with current USPSTF
recommendations.*

The American College of Physicians lists an inactive guideline from 1996 recommending
screening in men >35 years old and women >45 years old with total cholesterol levels.”
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Chapter 2. Methods

Key Questions and Analytic Framework

Using the methods developed by the USPSTF'2 the USPSTF and the Agency for Healthcare
Research and Quality (AHRQ) determined the scope and Key Questions for this review. In
conjunction with the USPSTF, investigators created an analytic framework with the Key
Questions and the patient populations, interventions, and outcomes reviewed (Figure 1).

Key Questions

1. What are the benefits of screening for dyslipidemia in asymptomatic adults ages 21 to 39
years on CHD- or CVA-related morbidity or mortality or all-cause mortality?

2. What are the harms of screening for dyslipidemia in asymptomatic adults ages 21 to 39
years?

3. What is the diagnostic yield of alternative screening strategies (e.g., universal screening
versus risk-based screening) for dyslipidemia in asymptomatic adults ages 21 to 39 years?

4. What are the benefits of treatment (e.g., drug or lifestyle interventions) for dyslipidemia in
adults ages 21 to 39 years on CHD- or CV A-related morbidity or mortality or all-cause
mortality?

5. What are the benefits of delayed versus immediate treatment in adults ages 21 to 39 years
with dyslipidemia on CHD- or CVA- related morbidity or mortality or all-cause mortality?

6. What are the harms of drug treatment for dyslipidemia in asymptomatic adults ages 21 to 39
years?

Two Contextual Questions were also requested by the USPSTF to help inform the report.
Contextual Questions are not reviewed using systematic review methodology. Rather, the
approach to Contextual Questions is to focus on evidence from key, high-quality studies.

Contextual Questions

1. What are the benefits of drug treatment in adults ages 21 to 39 years on intermediate
outcomes (e.g., lipid levels, atherosclerosis)?
2. How do lipid levels change over time in adults ages 21 to 39 years?

Search Strategies

We searched the Cochrane Central Register of Controlled Trials and Cochrane Database of
Systematic Reviews (to November 2015), and Ovid MEDLINE (2008 to November 2015) for
relevant studies and systematic reviews. Search strategies are available in Appendix Al. We
also reviewed reference lists of relevant articles.
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Study Selection

At least two reviewers independently evaluated each study to determine inclusion eligibility.
Studies were reviewed on the basis of inclusion and exclusion criteria developed for each Key
Question (Appendix A2). Includable studies were randomized trials, cohort studies, and case-
control studies of lipid screening versus no screening, treatment for dyslipidemia versus no
treatment, and delayed versus immediate treatment for dyslipidemia in asymptomatic adults 21
to 39 years of age that evaluated mortality, cardiovascular outcomes (CHD or cerebrovascular
disease-related morbidity or mortality), or harms of screening or treatment. Studies that reported
the diagnostic yield (number of true positives per number tested) of lipid screening in adults 21
to 39 years of age were also includable. Studies that enrolled older adults would be included if
results were reported separately for the subgroup of patients younger than 40 years of age or if
the mean age of the population was <40 years. Included interventions were drug as well as
lifestyle interventions (e.g., exercise and diet changes).

Effects of treatment on intermediate outcomes (such as changes in markers of atherosclerosis or
lipid levels) were evaluated for one of the Contextual Questions. Studies of individuals with
prior cardiovascular events were excluded. The selection of literature is summarized in the
literature flow diagram (Appendix A3). Appendix A4 lists excluded studies with reasons for
exclusion.

Data Abstraction and Quality Rating

We planned to have one investigator abstract details about each article’s study design, patient
population, setting, screening method, treatment regimen, analysis, followup, and results; a
second investigator review data abstraction for accuracy; and two investigators independently
apply criteria developed by the USPSTF"' to rate the quality of each study as good, fair, or poor
(Appendix A5) with discrepancies resolved through consensus; however, no studies met
inclusion criteria.

Data Synthesis

We planned to assess the aggregate internal validity (quality) of the body of evidence for each
key question ("good", "fair", "poor") using methods developed by the USPSTF, based on the
number, quality and size of studies, consistency of results among studies, and directness of
evidence;”! however, no studies met inclusion criteria.

External Review

The draft report was reviewed by content experts (Appendix A6), USPSTF members, AHRQ
Project Officers, and collaborative partners.

Screening for Dyslipidemia in Younger Adults 9 Pacific Northwest EPC



Chapter 3. Results

Key Question 1. What Are the Benefits of Screening for
Dyslipidemia in Asymptomatic Adults Ages 21 to 39 Years on
CHD- or CVA-Related Morbidity or Mortality or All-Cause
Mortality?

We identified no studies on benefits of screening versus no screening for dyslipidemia in
asymptomatic adults ages 21 to 39 years on cardiovascular outcomes.

Key Question 2. What Are the Harms of Screening for
Dyslipidemia in Asymptomatic Adults Ages 21 to 39 Years?

We identified no studies on harms of screening versus no screening for dyslipidemia in
asymptomatic adults ages 21 to 39 years that evaluated clinical outcomes.

Key Question 3. What Is the Diagnostic Yield of Alternative
Screening Strategies (e.g., Universal vs. Risk-Based Screening)
for Dyslipidemia in Asymptomatic Adults Ages 21 to 39 Years?

We identified no studies on the diagnostic yield of alternative screening strategies for
dyslipidemia in asymptomatic adults ages 21 to 39 years.

Key Question 4. What Are the Benefits of Treatment (e.g.,
Drug or Lifestyle Interventions) in Adults Ages 21 to 39 Years
on CHD- or CVA-Related Morbidity or Mortality or All-Cause
Mortality?

Summary

We identified no studies on benefits of treatment versus no treatment in adults ages 21 to 39
years on cardiovascular outcomes.

Evidence

We identified no studies on benefits of treatment versus no treatment in adults ages 21 to 39
years on cardiovascular outcomes. Although four trials of statins for primary prevention enrolled
patients younger than 40 years of age, results were not reported separately for this subgroup and
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they comprised a small part of the population.53'56 One cohort study evaluated efficacy of statins
in patients with familial hypercholesterolemia, but the mean age at enrollment was 44 years.”’

Key Question 5. What Are the Benefits of Delayed Versus
Immediate Treatment in Adults Ages 21 to 39 Years With
Dyslipidemia on CHD- or CVA-Related Morbidity or Mortality
or All-Cause Mortality?

We identified no studies on benefit of delayed versus immediate treatment of dyslipidemia in
adults ages 21 to 39 years.

Key Question 6. What Are the Harms of Drug Treatment for
Dyslipidemia in Asymptomatic Adults Ages 21 to 39 Years?

We identified no studies on harms of treatment for dyslipidemia versus no treatment in adults
ages 21 to 39 years.

Contextual Question 1. What Are the Benefits of Drug
Treatment in Adults Ages 21 to 39 Years on Intermediate
Outcomes (e.qg., Lipid Levels, Atherosclerosis)?

We identified no randomized trials, cohort studies, or case-control studies on effects of drug
treatment in adults ages 21 to 39 years on intermediate outcomes, such as lipid levels or
atherosclerosis.

Contextual Question 2. How Do Lipid Levels Change Over
Time in Adults Ages 21 to 39 Years?

Few longitudinal studies have assessed how lipid levels change over time in adults ages 21 to 39
years. In the Framingham Heart Study, the average biennial difference among serial cholesterol
measurements among individuals <45 years at enrollment was 4.4 +/- 6.9 mg/dL in men and 7.5
+/- 7.2 mg/dL in women.”® Including all adults, the rate of change was higher in persons with
lower total cholesterol (6.7 +/- 5.6 mg/dL for men and 9.2 +/- 6.6 mg/dL for women with initial
cholesterol <200 mg/dL versus 0.6 +/- 7.4 mg/dL for men and 3.7 +/- 11.2 mg/dL for women
with initial cholesterol >240 mg/dL). Some evidence also suggests that young adults with low
lipid levels often do not maintain them. The Coronary Artery Risk Development in Young
Adults Study, which enrolled individuals in the United States 18 to 30 years of age, found that
between 44 and 52 percent of those with total cholesterol levels below the 10" percentile
remained below the same percentile 7 years later.”
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Several European studies have also evaluated stability of lipid levels over time in young adults.
In general, lipid levels in young adults increased over time, though the magnitude of change
varied depending on baseline age and sex. In the Nijmegen (the Netherlands) Cohort Study, the
increase over a period of 18 years was largest for younger men, with total cholesterol increasing
an average of 20 percent in men 20 to 24 years of age at baseline and 9.1 percent in men 35 to 39
years of age at baseline.®” In women the pattern was in the opposite direction, at 9.8 percent for
those 20 to 24 years of age at baseline and 16 percent for those 35 to 39 years of age at baseline.
The proportion with cholesterol levels of 251 mg/dL or higher increased from 3 percent in men
20 to 24 years of age and 6 percent in women 20 to 24 years of age at baseline to 26 percent and
16 percent, respectively, 18 years later; and from 23 percent in men and 12 percent in women 35
to 39 years of age to 36 percent and 43 percent after followup. In the Tromso (Norway) Study,
the tracking coefficient (a measure of the tendency of individuals to maintain their rank or
position in a group over time) for HDL-C in men 20 to 38 years of age ranged from 0.52 to 0.56
and for women ranged from 0.51 to 0.62.°' The tracking coefficient was higher for total
cholesterol, at 0.70 to 0.74 for men and 0.62 to 0.69 for women, and was lower for triglycerides,
at 0.30 to 0.49 for men and 0.33 to 0.39 for women. Tracking was also higher for total
cholesterol than triglycerides in younger adults in the Vorarlberg (Austria) Health Monitoring
and Promotion Programme.®® A Spanish study of military recruits 20 years of age found that
after 15 years, cholesterol increased an average of 68 mg/dL, LDL cholesterol 58 mg/dL, and
HDL cholesterol -5.2 mg/dL.%
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Chapter 4. Discussion

Summary of Review Findings

As shown in Table 1, no study has evaluated the effects of screening versus no screening or
treatment versus no treatment on clinical outcomes. In addition, no study evaluated the
diagnostic yield of alternative screening strategies in younger adults (e.g., targeted screening of
persons with a family history of hyperlipidemia versus general screening). Although some
primary prevention trials have enrolled younger adults,”>° they comprised a small part of the
population and results were not reported separately for this age group. In addition, because of the
small numbers of cardiovascular events expected in this age group, even if the data were
reported, the trials were probably underpowered to detect effects on clinical outcomes.
Therefore, estimates of benefits of lipid-lowering therapies or lifestyle changes for dyslipidemia
in younger adults require extrapolation from trials conducted in older populations. Even
assuming that the relative benefits are the same for statins or other therapies in younger and older
adults, the absolute benefits over the short-term (e.g., 5 to 10 years) would generally be lower in
younger adults because of the lower incidence of CHD events. An exception may be young
adults with familial hypercholesterolemia, who are at increased risk of CHD events at a younger
age. However, the only study that compared effects of statins versus no statins for familial
hyperchsglesterolemia enrolled persons with a mean age of 44 years and did not meet inclusion
criteria.

We also found no evidence on the incremental benefit of delayed versus earlier treatment. Earlier
initiation of therapy might reduce risk of CHD events that occur later in life if the primary
mechanism of lipid lowering therapy is regression of atherosclerosis. However, in trials of
middle-aged and older populations, CHD event prevention appears to start within 1 to 2 years of
statin initiation,** suggesting that long-term therapy started during early adulthood may not be
required to experience benefits from treatment, which might be related in part to early plaque
stabilization or other shorter-term effects.

Our findings are in accordance with prior USPSTF reviews,'* which also found no direct
evidence on benefits or harms of screening or subsequent treatment in younger adults. Although
individuals with familial hypercholesterolemia are at increased risk for early cardiovascular
events, a factor limiting potential benefits for screening from this condition is that familial
hypercholesterolemia is a low prevalence condition (estimated at 1 in 500 persons), and that even
among this population the majority (85% to 90%) do not experience a CHD event prior to 40
years of age.”*’

Longitudinal studies suggest that lipid levels have a tendency to increase over time in younger
adults,”™® although no study evaluated how lipid levels changed according to different intervals
between repeat testing, or the proportion of patients who would move from one risk category to
another.
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Limitations

The major limitation of this review is the lack of direct evidence in younger adults.

Emerging Issues/Next Steps

Statins have become the mainstay of lipid-lowering therapy. Although statins in middle-aged and
older adults appear to be relatively safe, long-term adverse effects of statins (e.g., risk of
developing diabetes) started in younger adulthood and taken for decades have not been well
studied.

Relevance for Priority Populations

No evidence was identified for priority populations on the benefits and harms of screening or
treatment for dyslipidemia

Future Research

Research is needed to understand effects of screening and treatment for dyslipidemia in younger
adults. As very large, long-term trials would be required to evaluate screening of younger adults
in the general population and may not be feasible, initial screening trials might target individuals
with a family history of familial hypercholesterolemia or early CHD and initial treatment trials
might target persons with highly elevated lipid levels (e.g., due to familial
hypercholesterolemia). A recently established registry of persons with familial hyperlipidemia
could be useful for understanding effects of treatment.® Trials of delayed versus immediate lipid
lowering therapy in younger adults found to have dyslipidemia would also be helpful for
understanding the effectiveness of earlier treatment, and studies are needed to understand harms
associated with very long-term statin therapy.

Conclusions

Direct evidence on benefits and harms of screening or treatment for dyslipidemia in younger
adults remains unavailable.
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Table 1. Summary of Evidence

Number and
type of studies
Main findings from prior | identified for Overall
USPSTF reports update Limitations Consistency | Applicability Summary of findings qualityT

Key Question 1. What are the benefits of screening for dyslipidemia in asymptomatic adults ages 21 to 39 years on CHD- or CVA-related morbidity or
mortality or all-cause mortality?

No studies | No studies | - | - [ - [ - | -
Key Question 2. What are the harms of screening for dyslipidemia in asymptomatic adults ages 21 to 39 years?
No studies | No studies | - | - [ - [ - | -

Key Question 3. What is the diagnostic yield of alternative screening strategies (e.g., universal vs. risk-based screening) for dyslipidemia in asymptomatic
adults ages 21 to 39 years?

No studies [ No studies | - | - | - | - | -

Key Question 4. What are the benefits of treatment (e.g., drug or lifestyle interventions) for dyslipidemia in adults ages 21 to 39 years on CHD- or CVA-
related morbidity or mortality or all-cause mortality?

No studies No studies - - - Although four trials of statins for primary -
prevention enrolled patients younger than 40
years of age, results were not reported
separately for this subgroup and they
comprised a small part of the population.
One cohort study evaluated efficacy of
statins in patients with familial
hypercholesterolemia but the mean age at
enrollment was 44 years.

Key Question 5. What are the benefits of delayed versus immediate treatment in adults ages 21 to 39 years with dyslipidemia on CHD- or CVA-related
morbidity or mortality or all-cause mortality?

No studies [ No studies | - | - | - | - | -

Key Question 6. What are the harms of drug treatment for dyslipidemia in asymptomatic adults ages 21 to 39 years?

No studies | No studies - | - [ - [ - [ -

" A difference between this update and prior USPSTF reviews on lipid screening is that this review focuses on screening in younger adults (defined as adults 21 to
39 years of age).
T “Overall quality” is based on new evidence plus previously reviewed evidence.

Abbreviations: CHD= coronary heart disease; CVA= cerebrovascular accident (stroke).
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Appendix Al. Search Strategies

Screening

Database: Ovid MEDLINE(R) without Revisions
exp Dyslipidemias/

Cholesterol/bl

Mass Screening/

(Lor2)and3

limit 4 to yr="2008 - 2015"

limit 5 to humans

limit 6 to English language

limit 6 to abstracts

7or8

OCoOoO~NOoO ok~ WwWwN PR

Treatment

Randomized Controlled Trials and Controlled Observational Studies

Database: Ovid MEDLINE(R) without Revisions
exp Dyslipidemias/

Cholesterol, HDL/bl

Cholesterol, LDL/bl

Lipids/bl

Triglycerides/bl

or/2-5

Cardiovascular Diseases/pc

or/1-7

Hypolipidemic Agents/

10 Anticholesteremic Agents/

11 Hydroxymethylglutaryl-CoA Reductase Inhibitors/

OCoOoO~NOoO Ul WNPEF

12 (atorvastatin or fluvastatin or lovastatin or pitavastatin or pravastatin or rosuvastatin or simvastatin).mp.

13 (lipitor or lescol or mevacor or livalo or pravachol or crestor or zocor).mp.
14 Gemfibrozil/

15 Fenofibrate/

16  Niacin/

17  or/9-16

18 Diet/ or Diet, Reducing/

19  Exercise Therapy/

20 Weight Loss/

21  (diet or exercise or lifestyle).ti,ab.

22 or/18-21

23 8and (17 or 22)

24 23 and (random$ or control$ or cohort).ti,ab.

25 24 not (child$ or pediatric$ or adolescen$ or teen$).mp.
26  limit 25 to (English language and humans)

27  limit 26 to yr="2008 - 2015"

Database: Cochrane Central Register of Controlled Trials
exp Dyslipidemias/

Cholesterol, HDL/bl

Cholesterol, LDL/bl

Lipids/bl

Triglycerides/bl

or/2-5

Cardiovascular Diseases/pc

or/1-7

CO~NO OIS WN -
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9 Hypolipidemic Agents/
10 Anticholesteremic Agents/
11  Hydroxymethylglutaryl-CoA Reductase Inhibitors/

12 (atorvastatin or fluvastatin or lovastatin or pitavastatin or pravastatin or rosuvastatin or simvastatin).mp.

13 (lipitor or lescol or mevacor or livalo or pravachol or crestor or zocor).mp.
14 Gemfibrozil/

15 Fenofibrate/

16  Niacin/

17  or/9-16

18 Diet/ or Diet, Reducing/

19 Exercise Therapy/

20  Weight Loss/

21  (diet or exercise or lifestyle).ti,ab.
22 or/18-21

23  8and (17 or 22)

24 limit 23 to yr="2008 - 2015"

Systematic Reviews

Database: Ovid MEDLINE(R) without Revisions
exp Dyslipidemias/

Cholesterol, HDL/bl

Cholesterol, LDL/bl

Lipids/bl

Triglycerides/bl

or/2-5

Cardiovascular Diseases/pc

or/1-7

Hypolipidemic Agents/

10 Anticholesteremic Agents/

11 Hydroxymethylglutaryl-CoA Reductase Inhibitors/

OCoOo~NOoO Ul WNPE

12 (atorvastatin or fluvastatin or lovastatin or pitavastatin or pravastatin or rosuvastatin or simvastatin).mp.

13  (lipitor or lescol or mevacor or livalo or pravachol or crestor or zocor).mp.
14 Gemfibrozil/

15 Fenofibrate/

16  Niacin/

17  or/9-16

18 Diet/ or Diet, Reducing/

19  Exercise Therapy/

20  Weight Loss/

21  (diet or exercise or lifestyle).ti,ab.

22 or/18-21

23 8and (17 or 22)

24 limit 23 to evidence based medicine reviews
25 limit 24 to (English language and humans)
26  limit 25 to yr="2008 - 2015"

Database: Cochrane Database of Systematic Reviews

1 (lipid$ or cholesterol).ti,ab.

2 1 not (child$ or pediatric$ or adolescen$ or teen$).mp.
3 limit 2 to full systematic reviews
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Appendix A2. Inclusion and Exclusion Criteria per Key Question

Include Exclude
Population KQs 1-3: Asymptomatic adults ages 21 to 39 years KQs 1-3: Adults with known dyslipidemia
KQs 4-6: Adults ages 21 to 39 years with dyslipidemia | (primary or secondary) or prior CVD
events
KQs 4-6: Adults with prior CVD events
Diseases Dyslipidemia (as defined according to clinical practice Lipid levels not meeting thresholds for
guidelines, levels above the 90th percentile for lipid dyslipidemia
components positively associated with CHD risk, or
other specified criteria)
Screening Lipid panel (fasting or nonfasting lipid measurement: e Screening with family history only

Interventions

total or LDL cholesterol alone or in combination with
HDL cholesterol, with or without measurement of other
lipid markers)

e Genetic screening only

Screening No screening or usual care delivered in a universal or Other comparators not listed as included
Comparator selective screening strategy

Treatment Drug (e.g., statins) and lifestyle interventions (e.g., Other types of treatments not listed as
Interventions exercise and diet changes) included

Treatment No treatment or usual care Other comparators not listed
Comparator

Outcomes KQs 1, 4, 5: CHD- and/or CVA-related morbidity or KQs 1, 4, 5: Outcomes not listed as

mortality; all-cause mortality

KQ 2: Harms associated with the screening process
(e.g., false-positives, false-negatives, psychosocial
consequences such as anxiety, overdiagnosis, and
others as identified in the literature)

KQ 3: Diagnostic yield (true positives/number screened)
KQ 6: Harms associated with drug treatment (e.g.,
myopathy, rhabdomyolysis, myalgia, cognitive loss,
diabetes, elevations in liver function tests or creatine
phosphokinase levels, and others as identified in the
literature)

included

KQ 2: Adverse outcomes not associated
with screening

KQ 3: Outcomes not listed as included
KQ 6: Other adverse outcomes not
associated with drug treatment

Study Design

Randomized controlled trials, cohort studies, case-
control studies, high-quality systematic reviews

Other study designs

Settings

e Publication date of 2008 to present; studies included
in prior USPSTF reports

o Primary care or primary care—relevant

Settings not generalizable to primary care;
studies outside the stated timeframe

Abbreviations: CHD=coronary heart disease, CVA=cerebrovascular accident; CVD=cardiovascular disease,
HDL=high density lipoprotein, KQ=Key Question; LDL=low density lipoprotein; USPSTF=United States Preventive
Services Task Force.
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Appendix A3. Literature Flow Diagram

Abstracts of potentially relevant articles identified through MEDLINE

and Cochrane*: 6,068

\ 4

Excluded abstracts and background

articles: 5,716

Y

Full text articles reviewed for relevance to
Key Questions: 352

v

Articles excluded total: 352
Wrong population: 59
Wrong intervention: 10
Wrong outcome: 46
Wrong study design for Key Question: 20
Not a study (letter, editorial, non-systematic review
article): 13
Wrong population (age >40 years): 188
Wrong comparison: 16

Included studies: 0

l

l

A

Key Question 1:
Benefits of
screening: 0

\ 4

Key Question 2:
Harms of
screening: 0

Key Question 3:
Diagnostic yield of
alternative
screening
strategies: 0

Key Question 4:
Benefits of
treatment: O

v ) 4
Key Question 5: Key Question 6:
Benefits of Harms of

delayed versus treatment: 0
intermediate

treatment: O

*Cochrane databases include the Cochrane Central Register of Controlled Trials and the Cochrane Database of Systematic Reviews.
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Appendix A4. Excluded Studies With Reasons for Exclusion

Key to Exclusion Codes

Code 3 Wrong population

Code 4 Wrong intervention

Code 5 Wrong outcome

Code 6 Wrong study design for Key Question

article)

Code 7 Not a study (letter, editorial, non-systematic review

Code 9 Wrong population: age >40 years

Code 13

Wrong comparison

The Lipid Research Clinics Coronary Primary
Prevention Trial results. I. Reduction in incidence of
coronary heart disease. JAMA. 1984;251(3):351-64.
Exclusion code: 3

Clinical Guideline, Part 1: Guidelines for Using
Serum Cholesterol, High-Density Lipoprotein
Cholesterol, and Triglyceride Levels as Screening
Tests for Preventing Coronary Heart Disease in
Adults. Ann Intern Med. 1996;124(5):515-7.
Exclusion code: 9

MRC/BHF Heart Protection Study of cholesterol-
lowering therapy and of antioxidant vitamin
supplementation in a wide range of patients at
increased risk of coronary heart disease death: early
safety and efficacy experience. Eur Heart J.
1999;20(10):725-41.

Exclusion code: 9

Abourbih S, Filion KB, Joseph L, et al. Effect of
fibrates on lipid profiles and cardiovascular
outcomes: a systematic review. Am J Med.
2009;122(10):962.e1-8.

Exclusion code: 4

Accord Study Group, Ginsberg HN, Elam MB, et al.
Effects of combination lipid therapy in type 2
diabetes mellitus.[Erratum appears in N Engl J Med.
2010 May 6;362(18):1748]. N Engl J Med.
2010;362(17):1563-74.

Exclusion code: 9

Adams SP, Tsang M, Wright JM. Lipid lowering
efficacy of atorvastatin. Cochrane Database Syst Rev.
2012;12:CD008226.

Exclusion code: 5

Adamsson V, Reumark A, Fredriksson IB, et al.
Effects of a healthy Nordic diet on cardiovascular
risk factors in hypercholesterolaemic subjects: a
randomized controlled trial (NORDIET). J Intern
Med. 2011;269(2):150-9.

Exclusion code: 9
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Ai M, Otokozawa S, Asztalos BF, et al. Effects of
maximal doses of atorvastatin versus rosuvastatin on
small dense low-density lipoprotein cholesterol
levels. Am J Cardiol. 2008;101(3):315-8.

Exclusion code: 9

Alberton M, Wu P, Druyts E, et al. Adverse events
associated with individual statin treatments for
cardiovascular disease: an indirect comparison meta-
analysis. QJM. 2012;105(2):145-57.

Exclusion code: 4

ALLHAT Officers and Coordinators for the
ALLHAT Collaborative Research Group. Major
outcomes in moderately hypercholesterolemic,
hypertensive patients randomized to pravastatin vs
usual care: The Antihypertensive and Lipid-Lowering
Treatment to Prevent Heart Attack Trial (ALLHAT-
LLT). JAMA. 2002;288(23):2998-3007.

Exclusion code: 9

Alsheikh-Ali AA, Trikalinos TA, Kent DM, et al.
Statins, low-density lipoprotein cholesterol, and risk
of cancer. J Am Coll Cardiol. 2008;52(14):1141-7.
Exclusion code: 9

Amarenco P, Benavente O, Goldstein LB, et al.
Results of the Stroke Prevention by Aggressive
Reduction in Cholesterol Levels (SPARCL) trial by
stroke subtypes. Stroke. 2009;40(4):1405-9.
Exclusion code: 9

Amarenco P, Bogousslavsky J, Callahan Ar, et al.
High-Dose Atorvastatin after Stroke or Transient
Ischemic Attack. N Engl J Med. 2006;355(6):549-59.
Exclusion code: 9

Amarenco P, Goldstein LB, Callahan A, 3rd, et al.
Baseline blood pressure, low- and high-density
lipoproteins, and triglycerides and the risk of vascular
events in the Stroke Prevention by Aggressive
Reduction in Cholesterol Levels (SPARCL) trial.
Atherosclerosis. 2009;204(2):515-20.

Exclusion code: 9
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Amarenco P, Goldstein LB, Messig M, et al. Relative
and cumulative effects of lipid and blood pressure
control in the Stroke Prevention by Aggressive
Reduction in Cholesterol Levels trial. Stroke.
2009;40(7):2486-92.

Exclusion code: 9

Amarenco P, Labreuche J. Lipid management in the
prevention of stroke: review and updated meta-
analysis of statins for stroke prevention. Lancet
neurol. 2009;8(5):453-63.

Exclusion code: 9

Angermayr L, Melchart D, Linde K. Multifactorial
lifestyle interventions in the primary and secondary
prevention of cardiovascular disease and type 2
diabetes mellitus--a systematic review of randomized
controlled trials. Ann Behav Med. 2010;40(1):49-64.
Exclusion code: 9

Ara R, Tumur I, Pandor A, et al. Ezetimibe for the
treatment of hypercholesterolaemia: a systematic
review and economic evaluation. Health Technol
Assess. 2008;12(21):iii, xi-xiii, 1-212.

Exclusion code: 7

Ashen MD, Foody JM. Evidence-based guidelines
for cardiovascular risk reduction: the safety and
efficacy of high-dose statin therapy. J Cardiovasc
Nurs. 2009;24(6):429-38.

Exclusion code: 6

Asselbergs FW, Diercks GFH, Hillege HL, et al.
Effects of fosinopril and pravastatin on
cardiovascular events in subjects with
microalbuminuria. Circulation. 2004;110(18):2809-
16.

Exclusion code: 6

Assmann G, Cullen P, Schulte H. Simple scoring
scheme for calculating the risk of acute coronary
events based on the 10-year follow-up of the
prospective cardiovascular Munster (PROCAM)
study. Circulation. 2002;105(3):310-5.
Exclusion code: 3

Assmann G, Schulte H, Funke H, et al. The
emergence of triglycerides as a significant
independent risk factor in coronary artery disease.
Eur Heart J. 1998;19 Suppl M:M8-14.

Exclusion code: 3
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Aung MN, Yuasa M, Moolphate S, et al. Reducing
salt intake for prevention of cardiovascular diseases
in high-risk patients by advanced health education
intervention (RESIP-CVD study), Northern Thailand:
study protocol for a cluster randomized trial. Trials.
2012;13:158.

Exclusion code: 6

Azzarito C, Boiardi L, Vergoni W, et al. Testicular
function in hypercholesterolemic male patients
during prolonged simvastatin treatment. Horm Metab
Res. 1996;28(4):193-8.

Exclusion code: 3

Badheka AO, Rathod A, Kizilbash MA, et al. Impact
of lipid-lowering therapy on outcomes in atrial
fibrillation. Am J Cardiol. 2010;105(12):1768-72.
Exclusion code: 9

Baigent C, Landray MJ, Reith C, et al. The effects of
lowering LDL cholesterol with simvastatin plus
ezetimibe in patients with chronic kidney disease
(Study of Heart and Renal Protection): a randomised
placebo-controlled trial. Lancet.
2011;377(9784):2181-92.

Exclusion code: 9

Baik I, Cho NH, Kim SH, et al. Dietary information
improves cardiovascular disease risk prediction
models. Eur J Clin Nutr. 2013;67(1):25-30.
Exclusion code: 9

Barylski M, Nikfar S, Mikhailidis DP, et al. Statins
decrease all-cause mortality only in CKD patients not
requiring dialysis therapy--a meta-analysis of 11
randomized controlled trials involving 21,295
participants. Pharmacol Res. 2013;72:35-44.
Exclusion code: 9

Bazzano LA, Thompson AM, Tees MT, et al. Non-
soy legume consumption lowers cholesterol levels: a
meta-analysis of randomized controlled trials. Nutr
Metab Cardiovasc Dis. 2011;21(2):94-103.
Exclusion code: 3

Beishuizen ED, van de Ree MA, Jukema JW, et al.
Two-year statin therapy does not alter the progression
of intima-media thickness in patients with type 2
diabetes without manifest cardiovascular disease.
Diabetes Care. 2004;27(12):2887-92.

Exclusion code: 5
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Berard E, Bongard V, Dallongeville J, et al. Cancer
mortality according to lipid-lowering drugs and
lipoproteins in a general population. Curr Med Res
Opin. 2011;27(10):1963-71.

Exclusion code: 6

Bertoni AG, Bonds DE, Chen H, et al. Impact of a
multifaceted intervention on cholesterol management
in primary care practices: guideline adherence for
heart health randomized trial. Arch Intern Med.
2009;169(7):678-86.

Exclusion code: 5

Blankstein R, Budoff MJ, Shaw LJ, et al. Predictors
of coronary heart disease events among
asymptomatic persons with low low-density
lipoprotein cholesterol MESA (Multi-Ethnic Study of
Atherosclerosis). J Am Coll Cardiol. 2011;58(4):364-
74.

Exclusion code: 9

Boumendil E, Tubert-Bitter P. Depression-induced
absenteeism in relation to antihyperlipidemic
treatment: a study using GAZEL cohort data.
Epidemiology. 1995;6(3):322-5.

Exclusion code: 9

Broekhuizen K, van Poppel MNM, Koppes LL, et al.
No significant improvement of cardiovascular disease
risk indicators by a lifestyle intervention in people
with familial hypercholesterolemia compared to usual
care: results of a randomised controlled trial. BMC
Res Notes. 2012;5:181.

Exclusion code: 5

Broekhuizen K, van Poppel MNM, Koppes LLJ, et
al. A tailored lifestyle intervention to reduce the
cardiovascular disease risk of individuals with
Familial Hypercholesterolemia (FH): design of the
PRO-FIT randomised controlled trial. BMC Public
Health. 2010;10:69.

Exclusion code: 5

Bruckert E, Giral P, Paillard F, et al. Effect of an
educational program (PEGASE) on cardiovascular
risk in hypercholesterolaemic patients. Cardiovasc
Drugs Ther. 2008;22(6):495-505.

Exclusion code: 9

Brugts JJ, Yetgin T, Hoeks SE, et al. The benefits of
statins in people without established cardiovascular
disease but with cardiovascular risk factors: meta-
analysis of randomised controlled trials. BMJ.
2009;338:b2376.

Exclusion code: 9
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Bulbulia R, Armitage J. Does the benefit from statin
therapy extend beyond 5 years? Curr Atheroscler
Rep. 2013;15(2):297.

Exclusion code: 6

Burgess DC, Hunt D, Li L, et al. Incidence and
predictors of silent myocardial infarction in type 2
diabetes and the effect of fenofibrate: an analysis
from the Fenofibrate Intervention and Event
Lowering in Diabetes (FIELD) study. Eur Heart J.
2010;31(1):92-9.

Exclusion code: 9

Burillo E, Andres EM, Mateo-Gallego R, et al. High-
density lipoprotein cholesterol increase and non-
cardiovascular mortality: a meta-analysis. Heart.
2010;96(17):1345-51.

Exclusion code: 6

Chan DKY, O'Rourke F, Shen Q, et al. Meta-analysis
of the cardiovascular benefits of intensive lipid
lowering with statins. Acta Neurol Scand.
2011;124(3):188-95.

Exclusion code: 9

Chan KL, Teo K, Dumesnil JG, et al. Effect of lipid
lowering with rosuvastatin on progression of aortic
stenosis: results of the aortic stenosis progression
observation: measuring effects of rosuvastatin
(ASTRONOMER) trial. Circulation.
2010;121(2):306-14.

Exclusion code: 5

Chen YH, Feng B, Chen ZW. Statins for primary
prevention of cardiovascular and cerebrovascular
events in diabetic patients without established
cardiovascular diseases: a meta-analysis. Exp Clin
Endocrinol Diabetes. 2012;120(2):116-20.
Exclusion code: 9

Cholesterol Treatment Trialists Collaborators,
Kearney PM, Blackwell L, et al. Efficacy of
cholesterol-lowering therapy in 18,686 people with
diabetes in 14 randomised trials of statins: a meta-
analysis. Lancet. 2008;371(9607):117-25.
Exclusion code: 9

Chu PH, Chen WJ, Chiang CW, et al.
Rhabdomyolysis, acute renal failure and hepatopathy
induced by lovastatin monotherapy. Jpn Heart J.
1997;38(4):541-5.

Exclusion code: 3
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Claes N, Jacobs N, Clays E, et al. Comparing the
effectiveness of two cardiovascular prevention
programmes for highly educated professionals in
general practice: a randomised clinical trial. BMC
Cardiovasc Disord. 2013;13:38.

Exclusion code: 4

Colhoun HM, Betteridge DJ, Durrington PN, et al.
Primary prevention of cardiovascular disease with
atorvastatin in type 2 diabetes in the Collaborative
Atorvastatin Diabetes Study (CARDS): multicentre
randomised placebo-controlled trial. Lancet.
2004;364(9435):685-96.

Exclusion code: 6

Colhoun HM, Betteridge DJ, Durrington PN, et al.
Effects of atorvastatin on kidney outcomes and
cardiovascular disease in patients with diabetes: an
analysis from the Collaborative Atorvastatin Diabetes
Study (CARDS). Am J Kidney Dis. 2009;54(5):810-
9.

Exclusion code: 9

Collier DJ, Poulter NR, Dahlof B, et al. Impact of
atorvastatin among older and younger patients in the
Anglo-Scandinavian Cardiac Outcomes Trial Lipid-
Lowering Arm. J Hypertens. 2011;29(3):592-9.
Exclusion code: 9

Collins R, Armitage J, Parish S, et al. MRC/BHF
Heart Protection Study of cholesterol-lowering with
simvastatin in 5963 people with diabetes: a
randomised placebo-controlled trial. Lancet.
2003;361(9374):2005-16.

Exclusion code: 9

Conroy RM, Pyorala K, Fitzgerald AP, et al.
Estimation of ten-year risk of fatal cardiovascular
disease in Europe: the SCORE project. Eur Heart J.
2003;24(11):987-1003.

Exclusion code: 9

Contermans J, Smit JW, Bar PR, et al. A comparison
of the effects of simvastatin and pravastatin
monotherapy on muscle histology and permeability
in hypercholesterolaemic patients. Br J Clin
Pharmacol. 1995;39(2):135-41.

Exclusion code: 13

Cooney M-T, Dudina A, Whincup P, et al. Re-
evaluating the Rose approach: comparative benefits
of the population and high-risk preventive strategies.
Eur J Cardiovasc Prev Rehabil. 2009;16(5):541-9.
Exclusion code: 9
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Cushman M, McClure LA, Lakoski SG, et al.
Eligibility for statin therapy by the JUPITER trial
criteria and subsequent mortality. Am J Cardiol.
2010;105(1):77-81.

Exclusion code: 9

Cutler N, Sramek J, Veroff A, et al. Effects of
treatment with simvastatin and pravastatin on
cognitive function in patients with
hypercholesterolaemia. Br J Clin Pharmacol.
1995;39(3):333-6.

Exclusion code: 3

D'Agostino RB, Sr., Vasan RS, Pencina MJ, et al.
General cardiovascular risk profile for use in primary
care: the Framingham Heart Study. Circulation.
2008;117(6):743-53.

Exclusion code: 9

Dansky HM, Bloomfield D, Gibbons P, et al.
Efficacy and safety after cessation of treatment with
the cholesteryl ester transfer protein inhibitor
anacetrapib (MK-0859) in patients with primary
hypercholesterolemia or mixed hyperlipidemia. Am
Heart J. 2011;162(4):708-16.

Exclusion code: 9

Davidson MH, Rooney MW, Drucker J, et al.
Efficacy and tolerability of atorvastatin/fenofibrate
fixed-dose combination tablet compared with
atorvastatin and fenofibrate monotherapies in patients
with dyslipidemia: a 12-week, multicenter, double-
blind, randomized, parallel-group study. Clin Ther.
2009;31(12):2824-38.

Exclusion code: 9

de Jong A, Plat J, Lutjohann D, et al. Effects of long-
term plant sterol or stanol ester consumption on lipid
and lipoprotein metabolism in subjects on statin
treatment.[Erratum appears in Br J Nutr. 2009
Dec;102(11):1701-2]. Br J Nutr. 2008;100(5):937-41.
Exclusion code: 9

De Lorenzo F. UK screening plans. Lancet.
2008;372(9637):447-8.
Exclusion code: 7

de Vries FM, Denig P, Pouwels KB, et al. Primary
prevention of major cardiovascular and
cerebrovascular events with statins in diabetic
patients: a meta-analysis. Drugs. 2012;72(18):2365-
73.

Exclusion code: 9

Pacific Northwest EPC



Appendix A4. Excluded Studies With Reasons for Exclusion

DeGorter MK, Tirona RG, Schwarz UlI, et al. Clinical
and pharmacogenetic predictors of circulating
atorvastatin and rosuvastatin concentrations in
routine clinical care. Circulation.
2013;Cardiovascular Genetics. 6(4):400-8.

Exclusion code: 5

Delahoy PJ, Magliano DJ, Webb K, et al. The
relationship between reduction in low-density
lipoprotein cholesterol by statins and reduction in risk
of cardiovascular outcomes: an updated meta-
analysis. Clin Ther. 2009;31(2):236-44.

Exclusion code: 5

Delluc A, Malecot J-M, Kerspern H, et al. Lipid
parameters, lipid lowering drugs and the risk of
venous thromboembolism. Atherosclerosis.
2012;220(1):184-8.

Exclusion code: 9

Devaraj S, Hirany S, Jialal I. Ratio of remnant-like
particle cholesterol to serum total triglycerides is a
reliable screening test for type Il dyslipidaemia. Ann
Clin Biochem. 2000;37(Pt 6):790-1.

Exclusion code: 6

Di Angelantonio E, Sarwar N, Perry P, et al. Major
lipids, apolipoproteins, and risk of vascular disease.
JAMA. 2009;302(18):1993-2000.

Exclusion code: 9

Diercks DB, Kirk JD, Turnipseed SD, et al.
Cholesterol screening in an ED-based chest pain unit.
Am J Emerg Med. 2002;20(6):510-2.

Exclusion code: 9

Dunkley AJ, Charles K, Gray LJ, et al. Effectiveness
of interventions for reducing diabetes and
cardiovascular disease risk in people with metabolic
syndrome: systematic review and mixed treatment
comparison meta-analysis. Diabetes Obes Metab.
2012;14(7):616-25.

Exclusion code: 9

Durand G, Tsismenakis AJ, Jahnke SA, et al.
Firefighters' physical activity: relation to fitness and
cardiovascular disease risk. Med Sci Sports Exerc.
2011;43(9):1752-9.

Exclusion code: 6

Eaton CB, Parker DR, Borkan J, et al. Translating
cholesterol guidelines into primary care practice: a
multimodal cluster randomized trial.[Erratum appears
in Ann Fam Med. 2012 Mar-Apr;10(2):179]. Ann
Fam Med. 2011;9(6):528-37.

Exclusion code: 9
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Ebrahimpour P, Fakhrzadeh H, Heshmat R, et al.
Serum uric acid levels and risk of metabolic
syndrome in healthy adults. Endocr Pract.
2008;14(3):298-304.

Exclusion code: 3

Edo A, Adediran OS. Dyslipidaemia among Nigerian
oil workers with type 2 diabetes mellitus. West Afr J
Med. 2011;30(3):206-9.

Exclusion code: 4

Edwards JB, Tudiver F. Women's preventive
screening in rural health clinics. Women Health Iss.
2008;18(3):155-66.

Exclusion code: 5

Egede R, Jensen LO, Hansen HS, et al. Effect of
intensive lipid-lowering treatment compared to
moderate lipid-lowering treatment with rosuvastatin
on endothelial function in high risk patients. Int J
Cardiol. 2012;158(3):376-9.

Exclusion code: 9

Egert S, Bosy-Westphal A, Seiberl J, et al. Quercetin
reduces systolic blood pressure and plasma oxidised
low-density lipoprotein concentrations in overweight
subjects with a high-cardiovascular disease risk
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Criteria for Assessing Internal Validity of Individual Studies

The Methods Work Group for the US Preventive Services Task Force (USPSTF) developed a set
of criteria by which the internal validity of individual studies could be evaluated. The USPSTF
accepted the criteria, and the associated definitions of quality categories, that relate to internal
validity at its September 1999 meeting.

This appendix describes the criteria relating to internal validity and the procedures that topic
teams follow for all updates and new assessments in making these judgments.

All topic teams use initial "filters" to select studies for review that deal most directly with the
question at issue and that are applicable to the population at issue. Thus, studies of any design
that use outdated technology or that use technology that is not feasible for primary care practice
may be filtered out before the abstraction stage, depending on the topic and the decisions of the
topic team. The teams justify such exclusion decisions if there could be reasonable disagreement
about this step. The criteria below are meant for those studies that pass this initial filter.
Presented below are a set of minimal criteria for each study design and then a general definition
of three categories: "good," "fair," and "poor," based on those criteria. These specifications are
not meant to be rigid rules but rather are intended to be general guidelines, and individual
exceptions, when explicitly explained and justified, can be made. In general, a "good" study is
one that meets all criteria well. A "fair" study is one that does not meet (or it is not clear that it
meets) at least one criterion but has no known "fatal flaw." "Poor" studies have at least one fatal
flaw.

Systematic Reviews

Criteria:

Comprehensiveness of sources considered/search strategy used.
Standard appraisal of included studies.

Validity of conclusions.

Recency and relevance are especially important for systematic reviews.

Definition of ratings from above criteria:

Good: Recent, relevant review with comprehensive sources and search strategies; explicit and
relevant selection criteria; standard appraisal of included studies; and valid conclusions.

Fair: Recent, relevant review that is not clearly biased but lacks comprehensive sources and
search strategies.

Poor: Outdated, irrelevant, or biased review without systematic search for studies, explicit
selection criteria, or standard appraisal of studies.

Randomized Controlled Trials and Cohort Studies

Criteria:
 Initial assembly of comparable groups:

o For RCTs: adequate randomization, including first concealment and whether
potential confounders were distributed equally among groups.
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o For cohort studies: consideration of potential confounders with either restriction or
measurement for adjustment in the analysis; consideration of inception cohorts.
« Maintenance of comparable groups (includes attrition, cross-overs, adherence,
contamination).

o Important differential loss to follow-up or overall high loss to follow-up.

e Measurements: equal, reliable, and valid (includes masking of outcome assessment).
o Clear definition of interventions.

o All important outcomes considered.

o Analysis: adjustment for potential confounders for cohort studies, or intention to treat
analysis for RCTs.

Definition of ratings based on above criteria:

Good: Meets all criteria: Comparable groups are assembled initially and maintained throughout
the study (follow-up at least 80 percent); reliable and valid measurement instruments are
used and applied equally to the groups; interventions are spelled out clearly; all important
outcomes are considered; and appropriate attention to confounders in analysis. In
addition, for RCTs, intention to treat analysis is used.

Fair: Studies will be graded "fair” if any or all of the following problems occur, without the
fatal flaws noted in the "poor" category below: Generally comparable groups are
assembled initially but some question remains whether some (although not major)
differences occurred with follow-up; measurement instruments are acceptable (although
not the best) and generally applied equally; some but not all important outcomes are
considered; and some but not all potential confounders are accounted for. Intention to
treat analysis is done for RCTs.

Poor: Studies will be graded "poor” if any of the following fatal flaws exists: Groups assembled
initially are not close to being comparable or maintained throughout the study; unreliable
or invalid measurement instruments are used or not applied at all equally among groups
(including not masking outcome assessment); and key confounders are given little or no
attention. For RCTs, intention to treat analysis is lacking.

Case-Control Studies

Criteria:
e Accurate ascertainment of cases
« Nonbiased selection of cases/controls with exclusion criteria applied equally to both.
e Response rate.
« Diagnostic testing procedures applied equally to each group.
o Measurement of exposure accurate and applied equally to each group.
o Appropriate attention to potential confounding variables.

Definition of ratings based on criteria above:

Good: Appropriate ascertainment of cases and nonbiased selection of case and control
participants; exclusion criteria applied equally to cases and controls; response rate equal
to or greater than 80 percent; diagnostic procedures and measurements accurate and
applied equally to cases and controls; and appropriate attention to confounding variables.
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Fair: Recent, relevant, without major apparent selection or diagnostic work-up bias but with
response rate less than 80 percent or attention to some but not all important confounding
variables.

Poor: Major selection or diagnostic work-up biases, response rates less than 50 percent, or
inattention to confounding variables.

Source: U.S. Preventive Services Task Force. Procedure Manual. Available at:
http://www.uspreventiveservicestaskforce.org/uspstf08/methods/procmanual.htm.
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