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Assessing Scientific Evidence for
Public Health Action :

It 1s often necessary to make a decision on the basis of information
sufficient for action but insufficient to satisfy the intellect.
—Immanuel Kant

In most areas of public health and clinical practice. decisions on when to inter-
vene and which program or policy to implement are not simple and straightfor-
ward. These decisions are often based on three fundamental questions: (1)
Should public health action be taken to address a particular public health issue
(primarily based on Type I evidence)? (2) What action should be taken (pri-
marily based on Type Il evidence)? and (3) How can a particular program or
policy most effectively be implemented and evaluated? This chapter primarily
explores the first question. That is, it focuses on several key considerations in
evaluating scientific evidence and determining when a scientific basis exists for
some type of public health action. It deals largely with the interpretation of
epidemiologic studies that seek to identify health risks associated with prevent-
able morbidity and mortality. The second and third questions are explored in
more detail in later chapters.

BACKGROUND

In this era when public and media interest in health issues is intense, the reasons
for not taking action based on an individual research study, especially if it was
carefully designed, successfully conducted, and properly analyzed and inter-
preted, need to be emphasized. Public health research is incremental, with a
body of scientific evidence building up over years or decades. Therefore, while
individual studies may contribute substantially to public health decision making,
a single study rarely constitutes a strong basis for action. The example in Box

24
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Assessing Scientific Evidence for Public Health Action

Box 2-1. Toxic Shock Syndrome in the United States

In the case of an infectious agent transmitted by a fomite (i.c.. an inanimate object that may
harbor a pathogen), the illness known as toxic shock syndrome was reported to the Centers for
Disease Control by individual physicians and five state health departments beginning in October
1979.% Toxic shock syndrome began with high fever, vomiting, and profuse watery diarrhea
and progressed to hypotensive shock. Among the first 55 cases, the case fatality ratio was 13%.
The bacterium Staphvlococcus aureus was found to be responsible for the syndrome. Through
a nationwide case-control study of 52 cases and 52 matched controls, the mode of transmission
was determined to be the use of high absorbency (fluid capacity) tampons in women.** The
findings of epidemiologic studies led to public health recommendations to women regarding
safe use of tampons, a voluntary removal of the Rely brand, and subsequent lowering of ab-
sorbency of all brands of tampons.?” These actions in turn led to substantial reductions in the
incidence of toxic shock syndrome since the early observations of the association between
tampon use and toxic shock syndrome.

2—1 regarding toxic shock syndrome is unusual since rapid action was taken
based on a small but convincing body of scientific evidence.

When considering the science, strong evidence from epidemiologic (and

other) studies may suggest that control measures should be taken. Conversely,
evidence may be equivocal, so that taking action would be premature. Often the
strength of evidence is suggestive, but not conclusive; yet one has to make a
decision about the desirability of taking action. Here, other questions come to

mind:

How serious are the consequences of taking some action or no action, and
what other impact will the course of action have?

Will the action reduce the frequency and/or severity of a serious disease?
Are there few (if any) adverse effects of intervention?

Is the action inexpensive and/or -cost-effective?

If the answer to the final three questions is “yes,” then the decision to take action
is straightforward. In practice, unfortunately, decisions are seldom so simple.

EXAMINING A BODY OF SCIENTIFIC EVIDENCE

As practitioners, researchers, and policy makers committed to improving pop-
ulation health, we have a natural tendency to scrutinize the scientific literature
for new findings that would serve as the basis for prevention or intervention
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programs.' In fact, the main motivation for conducting research should be to
stimulate appropriate public health action. Adding to this inclination to intervene
may be claims from investigators regarding the critical importance of their find-
ings, media interpretation of the findings as the basis for immediate action, and
community support for responding to the striking new research findings with
new or modified programs. The importance of community action in motivating
public health efforts was shown recently in the Long Island Breast Cancer Study.
Community advocates in Long Island raised concerns about the high incidence
of breast cancer and possible linkages with environmental chemicals and radi-
ation. A series of studies arc being conducted by the New York State Health
Department, along with scientists from universities and the National Institutes
of Health. In each Long Island-area county, breast cancer incidence increased
over a ten-year period, while mortality from breast cancer decreased.” To date,
a case-control study has shown that women living closer to chemical facilities
have a higher risk of postmenopausal breast cancer. but linkages with specific
environmental agents have not been demonstrated and several detailed studies
are ongoing.

Finding Scientific Evidence

Chapter 6 describes systematic methods for seeking out credible, peer-reviewed
scientific evidence. Modern information technologies have made searching the
scientific literature quick and accessible. There are also hundreds of websites
that summarize research and provide ready access to surveillance data. The ready
access to information may also present a paradox, in that access to more infor-
mation is assumed to be productive, yet bad science and bad advice are also
found in the myriad of information on various topics. Often, various tools are
helpful in examining an entire body of evidence, rather than reviewing the lit-
erature study-by-study. These summary approaches, described in Chapter 3, in-
clude systematic reviews of the literature, evidence-based guidelines, summaries
of best practices, and economic evaluations.

The Roles of Peer Review and Publication Bias

In assessing evidence, it 1s important to understand the role of peer review. Peer
review is the process of reviewing research proposals, manuscripts submitted
for publication by journals, and abstracts submitted for presentation at scientific
meetings. These materials are judged for scientific and technical merit by other
scientists in the same field.> Reviewers are commonly asked to comment on
such issues as the scientific soundness of the methods used, originality, rele-
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vance, and appropriateness of a scientific article to the audience. Although peer
review has numerous limitations, including a large time commitment, complex-
ity, and expense, it remains the closest approximation to a gold standard when
determining the merits of scientific endeavor.

Publication bias is the higher likelihood for journal editors to publish positive
or “new” findings in contrast to negative studies or those that do not yield
statistically significant results. Studies have shown that positive findings tend to
get published more often and more quickly.® There are numerous possible rea-
sons for publication bias, including researchers’ tendency to submit positive
rather than negative studies, peer reviewers who are more likely to recommend
publication of positive studies, and journal editors who favor publication of
positive studies.” The net effect of publication bias may be an overrepresentation
of false positive findings in the literature. It is also important to be aware of
potential publication bias when reading or conducting meta-analyses that rely
solely on the published literature and do not seek out unpublished studies. When
a sufficient number of studies is available, funnel plots may be an effective
method by which to determine whether publication bias is present in a particular
body of evidence.> ¢ Figure 2—1 presents hypothetical data showing the effects
of publication bias. In the plot on the right-hand side, smaller studies are rep-
resented in the literature only when they tend to show a positive effect. Thus,
the left side of the inverted funnel is missing, and publication bias may be

present.
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FIGURE 2-1. Hypothetical funnel plots illustrating the effect of publication bias.
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STUDY DESIGN ISSUES: QUALITY AND
GENERALIZABILITY

Public health information for decision making is founded upon science, and
science is based on the collection, analysis, and interpretation of data.” Data in
public health are generally derived from two overlapping sources: research stud-
ies and public health surveillance systems. Here, we focus on information from
research studies; an emphasis on public health surveillance is provided in Chap-
ter 3. Research studies are primarily conducted in four broad areas: (1) to un-
derstand the etiologies of health conditions (Does fruit and vegetable intake
influence the risk of'coronary heart disease?); (2) to determine whether public
health interventions are successful in meeting their stated objectives for risk
reduction (Is a media campaign to increase fruit and vegetable intake effective?);
(3) to explore the links between interventions and etiology (Does an intervention
that increases consumption of fruits and vegetable result in a decline in coronary
heart disease incidence?); and (4) to develop and test new research methods
(What are the most valid and reliable methods by which to measure fruit and
vegetable consumption?). )

The quality of the evidence from a given study can be assessed based on the
study design, execution of the study (internal validity), and generalizability (ex-
ternal validity). In public health research, a variety of study designs is used to as-
sess health risks and to measure intervention effectiveness. Commonly, these are
not “true” experiments in which study participants are randomized to an interven-
tion or control condition. These generally quasi-experimental or observational de-
signs are described in Chapter 5. A hierarchy of designs shows that a randomized
trial tends to be the strongest type of study, yet such a study is often not feasible in
community settings (Table 2—1).® Interestingly, when summary results from the
same topic were based on observational studies and on randomized controlled tri-
als, the findings across study designs were remarkably similar.®
~ The quality of a study’s execution can be determined by many different stan-
dards. Individual studies are often judged on the basis of their internal validity.
While it is beyond the scope of this chapter to discuss these issues in detail, an
overview of key issues is provided, along with entry points into a larger body
of literature. For a study or program evaluation to be internally valid, the study
and comparison groups should be selected and compared in a way that the
observed differences in depéndent variables are attributed to the hypothesized
effects under study (apart from sampling error).? In other words, can the ob-
served results be attributed to the risk factor being studied or intervention being
implemented? These concepts are illustrated in Figure 2-2. In general, internal
validity is threatened by all types of systematic error, and error rates are influ-
enced by both study design and study execution. Systematic error occurs when
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Table 2-1. Hierarchy of Study Designs

Suitability Examples

Attributes

Randomized group or individual
trial; prospective cohort study;
time series study with comparison
group

Case-control study; time series study
without comparison group

Greatest

Moderate

Least Cross-sectional study; case series;
ecological study

Concurrent comparison groups and
prospective measurement of expo-
sure and outcome

All retrospective designs or multiple
pre- or postmeasurements but no
concurrent comparison group

Before-after studies with no compari-
son group or exposure and outcome
measurct?l in a :?‘mgle group at the
same point in time

Source: Adapted from Briss et al., 2000.®

there is a tendency within a particular study to produce results that vary in a
systematic way from the true values.'” Dozens of specific types of bias have

been identified. Among the most important are

1. Selection bias: error due to systematic differences in characteristics between
those who take part in the study and those who do not?

2. Information bias: a flaw in measuring exposure or outcomes that results in
different quality (accuracy) of information between study groups®

3. Confounding bias: distortion of the estimated effect of an exposure on an
outcome, causet by the presence of an extraneous factor associated with both

the exposure and the outcome?®

In this study: alternative
cause
alternative
cause
Program causes Observations
(What you do) (What you see)
alternative
cause
alternative
cause

FIGURE 2-2. Illustration of internal validity in establishing a cause and effect relation-
ship (Source: <http://trochim.human.comell.edu/kb/>).
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In ongoing work of the U.S. Public Health Service,'" > study execution is as-
sessed according to six categories, each of which may threaten internal validity:
(1) study population and intervention descriptions; (2) sampling; (3) exposure
and outcome measurement; (4) data analysis; (5) interpretation of results (in-
cluding follow-up, bias, and confounding); and (6) other related factors.®

External validity, synonymous with generalizability, relates to whether a study
can produce unbiased inferences to other populations beyond the subjects in the
study.? Internal validity of a study is necessary for, but does not guarantee,
external validity." For example, are the findings from a study of middle-aged
white males applicable to ethnically diverse women? In practice, multicenter
studies among diverse populations, using similar methods, are sometimes con-
ducted to enhance the likelthood of attaining external validity.

ASSESSING CAUSALITY IN PUBLIC HEALTH
RESEARCH

Any intervention program or public health action is based on the presumption
- that the associations found in epidemiologic studies are causal rather than arising
through bias or for some other spurious reason.! A cause of a disease is an
event, condition, characteristic, or combination of factors that plays an important
role in the development of the disease or health condition.!® Unfortunately, in
most instances in observational research, there is no opportunity to prove ab-
solutely that an association is causal. Nonetheless, numerous frameworks have
been developed that are useful in determining whether a cause-and-effect rela-
tionship exists between a particular risk factor and a given health outcome. This
1s one of the reasons for assembling experts to reach scientific consensus on
various issues (discussed in Chapter 3).

Criteria for Assessing Causality

The earliest guidelines for assessing causality for infectious diseases were de-
veloped in the 1800s by Jacob Henle and Robert Koch. The Henle-Koch Pos-
tulates state that: (1) the agent must be shown to be present in every case of
the disease by isolation in pure culture; (2) the agent must not be found in cases
of other disease; (3) once isolated, the agent must be capable of reproducing
the disease in experimental animals; and (4) the agent must be recovered from
the experimental disease produced.* 13 These postulates have proven less useful
in evaluating causality for more contemporary health conditions since most non-
infectious diseases have long periods of induction and multifactorial causation.'

Subsequently, the U.S. Surgeon General,’” Hill,'¢ Susser,'” and Rothman'®
have all provided insights into causal criteria, particularly in regard to causation
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of chronic diseases such as heart disease, cancer, and arthritis. Although criteria
have sometimes been cited as checklists for assessing causality, they were in-
tended as factors to consider when examining an association: they have value,
but only as general guidelines. Several criteria relate to particular cases of re-
futing biases or drawing on nonepidemiologic evidence. These criteria have been
discussed in detail elsewhere.””"'- 1 In the end. belief in causality is based on
an individual’s judgment, and different individuals may in good faith reach dif-
ferent conclusions from the same available information. The six key issues below
have been adapted from Hill'® and Weed.?" Each is described by a definition and
a rule of evidence. These are also illustrated in Table 2-2 by examining two
risk-factor/disease relationships. ;

1. Consistency
Definition: The association is observed in studies in different settings and
populations, using various methods.
Rule of evidence: The likelihood of a causal association increases as the
proportion of studies with similar (positive) results increases.

2. Strength
Definition: This is defined by the size of the relative risk estimate. In
some situations, meta-analytic techniques are used to provide an overall,
summary risk estimate.
Rule of evidence: The likelihood of a causal association increases as the
summary relative risk estimate increases. Larger effect estimates are gen-
erally less likely to be explained by unmeasured bias or confounding.

3. Temporality
Definition: This is perhaps the most important criterion for causality—
some consider it an absolute condition. Temporality refers to the temporal
relationship between the occurrence of the risk factor and the occurrence
of the disease or health condition.
Rule of evidence: The exposure (risk factor) must precede the disease.

4. Dose-response relationship ’
Definition: The observed relationship between the dose of the exposure
and the magnitude of the relative risk estimate.
Rule of evidence: An increasing level of exposure (in intensity and/or
time) increases the risk when hypothesized to do so.

5. Biological plausibility
Definition: The available knowledge on the biological mechanism of ac-
tion for the studied risk factor and disease outcome.
Rule of evidence: There is not a standard rule of thumb except that the
more likely the agent is biologically capable of influencing the disease,
then the more probable that a causal relationship exists.
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6. Experimental evidence
Definition: The presence of findings from a prevention trial in which the
factor of interest is removed from randomly assigned individuals.
Rule of evidence: A positive result (i.e., reduction in a health condition)
after removal of the risk factor is strong evidence that the factor is causal.

In practice, evidence for causality is often established through the elimination
of noncausal explanations for an observed association. For example, consider
the evidence that alcohol use may increase the risk of breast cancer.! A series
of further studies might confirm that this relationship is internally valid and not
a result of confounding or other biases. By whittling away alternative explana-
tions, the hypothesis that asserts alcohol use causes breast cancer becomes in-
creasingly credible. It is the job of researchers to propose and test noncausal
explanations, so that when the association has withstood a series of such chal-
lenges, the case for causality is strengthened.

Since most associations involve unknown confounders. a key issue becomes
the extent to which causal conclusions or public health recommendations should
be delayed until all or nearly all potential confounders are discovered and/or
better measured.”' As noted earlier, those who argue that causality must be es-
tablished with absolute certainty before interventions are attempted may fail to
appreciate that their two alternatives—action and inaction—each have risks and
benefits. When searching for causal relationships, researchers generally seek
those that are modifiable and potentially amenable to some type of public health
intervention. If researchers discovered that time of initiation of teen smoking
was strongly related to the ethnicity of the teen and exposure to advertising, for
example, the latter variable would be a likely target of intervention efforts.

RELATED ISSUES WHEN CONSIDERING PUBLIC
HEALTH ACTION

In addition to understanding scientific causality and methods for accessing the
published literature, several related issues are important to consider when weigh-
ing public health action.

Factors Influencing Decision Making in Public Health

There are many factors that influence decision making in public health (Table
2-3).2> Some of these factors are under the control of the public health practi-
tioner, whereas others are nearly impossible to modify. A group of experts may



Table 2-2. Degree to Which Causal Criteria Are Met for Two Contemporary Public Health Issues

Issue

Physical Activity and Coronary Heart Disease (CHD)

Extremely Low Frequency Electromagnetic Fields (EMFs)
and Childhood Cancer®

Consistency

Strength

Temporality

Dose-response relationship

Biological plausibility

Experimental evidence

Approximately 50 studies since 1953; vast majority of stud-
ies show positive association

Median relative risk of 1.9 for a sedentary lifestyle across
studies, after controlling for other risk factors

Satisfied, based on prospective cohort study design

Most studies show an inverse relationship between physical
activity and risk of CHD

Biological mechanisms are demonstrated, including: athero-
sclerosis, plasma/lipid changes, blood pressure, ischemia,
and thrombosis

Trials have not been conducted related to CHD but have
been carried out for CHD intermediate factors such as
blood pressure, lipoprotein profile, insulin sensitivity, and
body fat

Based on a relatively small number of studies, the preponder-
ance of the evidence favors a judgment of no association
Early studies showed relative risks in the range of 1.5 to 2.5.
Most subsequent studies with larger sample sizes and more
comprehensive exposure methods have not shown positive
associations

Not satisfied; very difficult to assess because of ubiquitous
exposure and the rarity of the disease

Since there is little biological guidance into what compo-
nent(s) of EMF exposure may be problematic, exposure as-
sessment 1s subject to a high degree of misclassification.
True dose gradients are therefore very hard to classify
reliably

No direct cancer mechanism is yet known, as EMFs produce
energy levels far too low to cause DNA damage or chemi-
cal reactions

Numerous experimental studies of EMF exposure have been
conducted to assess indirect mechanisms for carcinogenesis
in animals and via in vitro cell models. The few positive
findings to date have not been successfully reproduced in
other laboratories

*Predominantly childhood leukemia and brain cancer.
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Table 2-3. Factors Influencing Decision Making among Public Health Administrators,
Policy Makers. and the General Public

Category Influential Factor

Information » Sound scientific basis, including knowledge of causality
» Source (e.g., professional organization, government. mass media. friends)

Clarity of contents » Formatting and framing
- Perceived validity
« Perceived relevance
< Strength of the message (i.c., vividness)

Perceived values, « Role of the decision maker .
preferences, « Economic background '
beliefs = Previous education

+ Personal experience or involvement

« Political affiliation or political climate
« Willingness to adopt innovations

- Willingness to accept uncertainty

- Willingness to accept risk

« Ethical aspect of the decision

Context « Culture
- Lobbying
- Timing
« Media attention
+ Administrative, financial, or political constraints

Source: adapted from Bero et al., 1998.%2

systematically assemble and present a persuasive body of scientific evidence
such as recommendations for clinical or community-based interventions,'! 12 1623
but even when they convene in a rational and evidence-based manner, the pro-
cess 1s imperfect. participants may disagree, and events may become politically
charged, as noted in Table 2-3 and Box 2-2.** In addition, one may have little
control over the timing of some major public health event (e.g., prostate cancer
diagnosis 1n an elected leader) that may have a large impact on the awareness
and behaviors of the general public and policy makers.

Assessing Population Burden

As noted earlier, many factors enter into decisions about public health interven-
tions, including certainty of causality, validity, relevance, economics, and polit-
ical climate (Table 2-3). Measures of burden may also contribute substantially
to science-based decision making. The burden of infectious diseases, such as
measles, has been primarily assessed through incidence, measured 1n case num-
bers or rates. For chronic or noninfectious diseases like cancer, burden can be
measured in terms of morbidity, mortality, and disability. The choice of measure
should depend on the characteristics of the condition being examined. For ex-
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Box 2-2. Establishing Breast Cancer Screening Guidelines

Breast cancer screening guidance for women ages 40 to 49 years has been the subject of con-
siderable debate and controversy. Breast cancer is the most common cancer type among U.S.
women, accounting for 182,800 new cases and 40,800 annual deaths.™ It is suggested that
appropriate use of screening mammography may lower death rates due to breast cancer up to
30%. Official expert guidance from the U.S. government was first issued in 1977 when the
National Cancer Institute (NCI) recommended annual mammography screening for women ages
50 and older but 'discouraged screening for younger women.* In 1980, the American Cancer
Society dissented from this guidance and recommended a baseline mammogram for women at
age 35 years and annual or biannual mammograms for women in their 40s.%* The NCI and other
professional organizations differed on recommendations for women in their 40s throughout the
late 1980s and 1990s. To resolve disagreement, the director of the National Institutes of Health
called for a Consensus Development Conference in January 1997. Based on evidence from
randomized, controlled trials., the consensus group concluded that the available data did not
support a blanket mammography recommendation for women in their 40s. The panel issued a
draft statement that largely left the decision regarding screening up to the woman (Table 2—4).*
This guidance led to widespread media attention and controversy. Within one week, the U.S.
Senate passed a 98 to 0 vote resolution calling on the NCI to express unequivocal support for
screening women in their 40s, and within 60 days, the NCI had issued a new recommendation.

ample. mortality rates are useful in reporting data on a fatal condition such as
lung cancer. For a common, yet generally nonfatal condition such as arthritis. a
measure of disability would be more useful (e.g.. limitations in “activities of
daily living™). When available, measures of the population burden of health
conditions are extremely useful, e.g., quality-adjusted life years (QALYs) (see
Chapter 3).

When assessing the scientific basis for a public health program or policy.
quantitative considerations of preventable disease can help us make a rational
choice. This can be thought of as “preventable burden.” When presented with
an array of potential causal factors for disease, we need to evaluate how much
might be gained by reducing or eliminating each of the hazards. For example,
can we predict in numerical terms the benefits that one or more interventions
might yield in the community?

Epidemiologic measures, such as relative risk estimates indicate how strongly
exposure and disease are associated, but they do not indicate directly the benefits
that could be gained through modifying the exposure. Of still greater potential
value is the incorporation of information on how common the exposure is. Al-
though some exposures exert a powerful influence on individuals (i.e., a large
relative risk), they are so rare that their public health impact is minimal. Con-
versely, some exposures have a modest impact but are so widespread that their
elimination could have great benefit. To answer the question, “What proportion
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Table 2—4. Chronology and Selected Statements from the Development of Consensus
Breast Cancer Screening Guidelines for Women Aged 40 to 49 Years, 1997

Date Source Sratement or Quote

January 23, 1997 NIH Consensus Develop- Every woman should decide for herself “based
ment Panel (called for not only on objective analysis of scientific
and co-sponsored by evidence and consideration of her individual
the National Cancer medical history, bus also on how she per-
Institute) ceives and weighs each potential risk and

benefits, the values she places on each and
how she deals with uncertainty.”

January 24, 1997  American Cancer Society “The confusion surrounding the important

! question of whether women in their 40s

should have regular mammograms had not
been cleared up and perhaps was made even
murkier by the recent announcement.”

February 4, 1997  U.S. Senator Mikulski “I could not believe when an NIH advisory
panel decided that women in this age group
might not need mammograms. This flies in
the face of what we know.”

February 4, 1997 U.S. Senator Snowe “Women and their doctors look to the Nation’s
preeminent cancer research institute—the
National Cancer Institute—for clear guid-
ance and advice on this issue. . .. By re-
scinding its guideline, NCI produced wide-
spread confusion and concern among
women and physicians regarding the appro-
priate age at which to seek mammograms.”

February 4, 1997  US Senate Resolution 47 *. .. we say enough is enough. We should take
time out, go back to our science, go back to
our research, go back to the National Insti-
tutes of Health and ask them to come up
with the recommendation that we need.”

March 27, 1997 National Cancer Institute “The NCI advises women age 40-49 who are
of average risk of breast cancer to have
screening mammograms every year or two.”

of disease in the total population is a result of the exposure?” the bopulation
attributable risk (PAR) is used. The PAR is calculated as follows:

P, (relative risk, — 1)
1 + £, {relative figk, — 1)

where P, represents the proportion of the population that is exposed. Assuming
that the relative risk, of lung cancer due to cigarette smoking is 15 (i.e., smokers
have 15 times the risk of lung cancer compared with nonsmokers) and that 30%
of the population are smokers, the population attributable risk is 0.81 or 81%.
This would suggest that 81% of the lung cancer burden in the population is
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Table 2-5. Modifiable Risk Factors for Coronary Heart Disease, United States

Best Estimate
(%) of Population
Antributable Risk

Magnitude Risk Factor (Range)
Strong (relative risk >4) None —_
Moderate (relative risk 2-4) High blood pressure (=140/90 mm Hg) 25 (20-29)
Cigarette smoking 22 (17-25)
Elevated cholesterol (=200 mg/dL) 43 (3947)
Diabetes (fasting glucose =140 mg/dL) 8 (1-15)
Weak (relative risk <2) Obesity® . 17 (7-32)
Physical inactivity 35 (23-40)
Environmental tobacco smoke exposure 18 (8-23)
Possible Psychological factors —

Alcohol use® —
Elevated plasma homocysteine —
Infectious agents —_

Source: From Newschaffer et al.*®
:Based on body mass index >27.8 kg/m? for men and >27.3 kg/m’ for women.

®Moderate to heavy alcohol use may increase risk, whereas light use may reduce risk.

caused by cigarette smoking and could be eliminated if the exposure were elim-
inated. Table 2—-5 describes a variety of risk factors for coronary heart disease.?
This list demonstrates that the greatest population burden (PAR) would be af-
fected by eliminating elevated cholesterol and physical inactivity, even though
the relative risk values for these risk factors are in the moderate or weak range.

A related metric is the prevented fraction (PF). In an intervention in which
“exposure” to a program or policy may protect against disease, the PF is the
proportion of disease occurrence in a population averted due to a protective risk
factor or public health intervention.?® The PF is calculated as follows:

P, (relative risk, — 1)

where P, represents the prevalence of exposure to the protective factor and rel-
ative risk,, is a protective effect estimate (i.e., exposure to the preventive measure
protects against acquiring a specific health problem). This formula for the PF is
the same one used to calculate vaccine efficacy and has also been used to esti-
mate the benefits of disease screening programs.?’

Assessing Time Trends

There are numerous other factors that may be considered when weighing the
need for public health action. One important factor to consider involves temporal
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FIGURE 2-3. Trends in incidence and mortality for lung and breast cancer in women,
United States, 1973-1997 (Source: Ries et al., 2000%%).

trends (see chapter 5). Public health surveillance systems can provide informa-
tion on changes over time in a risk factor or disease of interest. Through use of
these data, one may determine whether the condition of interest is increasing,
decreasing, or remaining constant. One may also examine the incidence or prev-
alence of a condition in relation to other conditions of interest. For example. if
a public health practitioner were working with a statewide coalition to control
cancer, it would be useful to plot both the incidence and mortality rates for
various cancer sites (Figure 2—-3).?® The researcher might reach different conclu-
sions on the impact and changing magnitude of various cancers when examining
incidence versus mortality rates across the state. When working at a local level,
however, it would be important to note that sample sizes might be too small for
many health conditions, making rates unstable and subject to considerable fluc-
tuations over time. In addition, a formal time-series analysis requires numerous
data points (approximately 50 for the most sophisticated statistical methods). A
simple and often useful time-series analysis can often be conducted with ordi-
nary least-squares regression techniques, which are amenable to fewer data
points than formal time-series analyses.

Priority Setting via National Health Goals

Determining public health and health care priorities in a climate of limited
resources is a demanding task. In some cases, priority setting from experts and
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governmental bodies can help to focus areas for public health action. These
efforts are particularly useful in evaluating Type I evidence (i.e., something must
be done on a particular health topic). They are often less helpful for Type Il
evidence (i.e., this specific intervention should be conducted within a local area).

Public health leaders began to formulate concrete public health objectives as
a basis for action during the post—World War II era. This was a clear shift from
earlier efforts as emphasis was placed on quantifiable objectives and explicit
time limits.”” A few key examples illustrate the use of public data in setting and
measuring progress toward health objectives. A paper by the Institute of Med-
icine® sparked a U.S. movement to set objectives for public health.?® These
initial actions by the Institute of Medicine led to the 1979 Surgeon General’s
Report on Health Promotion and Disease Prevention, which set five national
goals—one each for the principal life stages of infancy, childhood. adolescence
and young adulthood, adulthood, and older adulthood.?

More recently, the U.S. Public Health Service established two overarching
health goals for the year 2010: (1) increase quality and years of healthy life;
and (2) eliminate health disparities.?> To achieve these two goals, a comprehen-
sive set of objectives was established in twenty-eight focus areas. In support of
these efforts, Healthy People 2010 has also identified ten leading health indi-
cators that will be used to set priorities and to measure the health of the United
States over the next ten years (Table 2-6). The leading health indicators were
selected on the basis of their ability to motivate action. the availability of data
to measure progress, and their importance as public health issues.** In its earlier
version Healthy People 2000), progress toward meeting objectives was measured
in annual reports. Establishment of national. quantifiable objectives has stimu-
lated state and local efforts in program and organizational planning. For exam-
ple. an estimated 70% of all U.S. local health agencies (from a total of about
3.000) have used Healthy People 2000 objectives.*

Table 2—6. Leading Health
Indicators from Healthy
People 2010

Physical Activity
Overweight and Obesity
Tobacco Use

Substance Abuse
Responsible Sexual Behavior
Mental Health

Injury and Violence
Environmental Quality
Immunization

Access to Health Care

W N =
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SUMMARY

The issues covered in this chapter highlight one of the continuing challenges for
public health practitioners and policy makers—determining when scientific ev-
idence is sufficient for public health action. In nearly all instances, scientific
studies cannot demonstrate causality with absolute certainty.'®?** The demarca-
tion between action and inaction is seldom distinct and requires careful consid-
eration of scientific evidence as well as assessment of values, preferences, costs,
and benefits of various options. The difficulty in determining scientific certainty
was eloquently summarized by A.B. Hill:'®

All scientific work 1s incomplete—whether it be observational or experimental.

All scientific work is liable to be upset or modified by advancing knowledge.

That does not confer upon us a freedom to ignore the knowledge we already have, or to
postpone the action that it appears to demand at a given time.

In many instances, waiting for absolute scientific certainty would mean de-
laying crucial public health action. For example, gaining a full understanding of
the molecular biology of HIV/AIDS transmission prior to implementing
population-based programs would have delayed important advances in preven-
tion. Strong skills are crucial in understanding causality, interpreting the ever-
expanding scientific literature, and seeking out summaries of evidence.

Other key points in this chapter:

« When considering public health action, it is helpful to consider the conse-
quences of taking action or no action.

+ Advances in epidemiology and public health research are generally incremen-
tal, suggesting the need for intervention as a body of literature accumulates.

+ When evaluating literature, both the quality of component studies and their
generalizability (external validity) should be considered.

« A set of standardized criteria can be useful in assessing the causality of an
association. '

- Many factors beyond science, such as resource constraints, sources of infor-
mation, timing, and politics, influence decision-making in public health.
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Introduction

STEVEN M. TEUTSCH
JEFFREY R. HARRIS

Prevention-effectiveness studies assess the impact of public health policies, pro-
grams, and practices on health outcomes! by determining their effectiveness,
safety, and cost. The roots of prevention effectiveness lie in the assessment of
medical technology and in research on health services and outcomes and build on
operations research, epidemiology, statistics, economics, psychology, and other de-
cision sciences. The results of prevention-effectiveness studies provide a basis for
recommendations regarding public health programs, guidelines for prevention and
control, and decision making about resource allocations; they are at the core of
evidence-based public health. Sound decisions require timely, high-quality, com-
parable, and appropriately directed information. Prevention-effectiveness studies
can provide this information.

For many vears, particularly in the arena of medical care, it was sufficient to
show that the benefits of a technology exceed its harms before using 1it. Now, in a
world of Iimited resources for public health, officials must use resources as effi-
ciently as possible and must demonstrate that a technology delivers value for the
resources expended. By the same token, policies and programs should also be scru-
tinized for the value thev deliver.

Prevention-effectiveness studies help meet these goals. They provide a systematic
approach to organizing the available information about prevention strategies so that
policy makers can have a scientific framework for making decisions. The concept pulls
together information from epidemiology and public health surveillance, intervention
studies, and economic analyses, using direct evidence when available and indirect evi-
dence when necessary. It addresses basic questions, such as the following:

» What is the magnitude of the problem addressed by the prevention strategy
(burden of 1llness and injury, descriptive epidemiology, and public health
surveillance)?

* Can the intervention work (efficacy)r

* Does the intervention work (effectiveness)?
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« What are the benefits and harms of the intervention (net benefits)’

What does the intervention cost (cost analysis)?

» How do the benefits compare with the costs (cost—effectiveness, cost-benefit,
and cost—utility analyses)?

» What additional benefit could be obtained with additional resources (mar-
ginal and incremental analyses)?

CONCEPTUAL MODEL FOR THE DEVELOPMENT
OF PREVENTION STRATEGIES

Public health strategies evolve from basic science and applied research through com-
munity demonstrations into widespread use (Fig. 1.1). The information available at
each stage and the methods for analyzing and synthesizing that information differ.

Information on biological risk factors is derived from basic research. Bench and
epidemiologic research identify risk factors and the magnitude of their impact, as
well as the biological and social underpinnings of disease and injury. Understand-
ing these risk factors focuses attention on initial targets for potential intervention
programs. Once major risk factors are identified (e.g., hypercholesterolemia for
myocardial infarction, use of seat belts for automobile-crash injuries, or social 1s0-
lation for mental health), potential interventions can be developed. Applied re-
search, such as randomized controlled trials, can be conducted to provide informa-
tion on the efficacy of these interventions. Research on efficacy shows the degree
to which intervention strategies can work under idealized conditions with care-
fully selected populations and, in many cases, optimal resources.

Basic > Appled _____ _  Community Implementation

Research Research Demonstrations
Is prevention Can prevention work?  Does prevention work? Is it continuing to
plausible? work?

Prevention Effectiveness

Quantitative Methods Qualitative Assessments
Descriptive Epidemiology Distributional Effects
Decision Analysis Legal Effects
Economic Analysis Ethical Effects
Meta-Analysis Social Effects

Figure 1.1 Development and implementation of prevention strategies and
the role of prevention effectiveness. Source: Teutsch, SM. A framework for as-
sessing the effectiveness of disease and injury prevention. MMWR 1992: 41
(No. RR-3).
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After determining which strategies are efficacious, the next step is to determine
how well these strategies actually work in community settings. Such community-
based demonstrations are used to assess the real-world effectiveness of the preven-
tion strategy. We define effectiveness as the impact that an intervention achieves in
the real world under practical resource constraints in an entire unselected popula-
tion or in specified subgroups of a population. It 1s axiomatic that effectiveness so
defined will almost certainly be lower than efficacy because of resource constraints,
individual adherence, and coverage of an intervention strategy, although there are
some exceptions, such as herd immunity from immunizations.

Effectiveness research is outcome-oriented. Rather than focusing on the process
of disease prevention and control (e.g., measuring how many people receive an in-
tervention), prevention-effectiveness research seeks to directly link the interven-
tion with the health outcome of interest (e.g., mortality, quality of life, or func-
tional status). In this respect, the focus of prevention-effectiveness research differs
from that of program evaluation. A prevention-effectiveness study would show,
for example, how mortality is decreased by a particular intervention rather than
how an intervention was administered.

As prevention strategies are implemented more widely, there 1s a growing need
to maximize the intended impact with the resources available or to obtain a
particular impact with as little expenditure of resources as possible. Thus, the
efficiency of various approaches needs to be examined. There are always com-
peting uses for resources, so the opportunity costs for each of our choices must be
considered.

We enter the domain of prevention effectiveness as the results of applied re-
search begin to demonstrate the efficacy of intervention strategies, including tech-
nologies, policies, and programs. The process continues throughout the develop-
ment of the intervention into practical public health tools and their application in
real settings (I'ig. 1.1). Various methods are available for use at each stage of devel-
opment and implementation.

TRADITIONAL APPROACHES

Attributable Risk and Prevented Fraction

In assessing an intervention strategy, one must know what it can realistically ac-
complish in terms of health outcomes. The first evidence usually comes from re-
search on cause-and-effect relationships associated with health problems, in which
the link between a risk factor and an outcome 1s identified, for example, the rela-
tionship between hypertension and coronary artery disease. The relative risk asso-
ciated with the risk factor provides a traditional epidemiological measure of the
potential impact. However, the overall public health impact is based not only on
the relative risk but also on the frequency at which the condition occurs 1n the
population. The impact is measured in terms of attributable risk, a measure of the
amount of disease or injury that could be eliminated if the risk factor never oc-
curred in a given population. It i1s the maximal limit of disease or injury that could
be averted by avoiding a particular risk factor. In that sense, it is analogous to effi-
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cacy (i.e., what could be achieved under ideal circumstances). In contrast, the pre-
vented fraction is a measure of the amount of a health problem that has actually
been avoided by a prevention strategy and reflects what can be achieved in a real-
world setting (i.e., 1t 1s analogous to effectiveness).

Program Evaluation and Prevention Effectiveness

Program evaluation supports prevention-effectiveness research. Program evalua-
tion assesses the structure, processes, and outcomes of intervention programs, with
particular attention paid to the purposes and expectations of stakeholders.? Re-
search on evaluation includes a complex array of experimental and quasi-experi-
mental designs. These methods form the basis for determining the effectiveness
and efficiency of prevention strategies by providing data on how programs are im-
plemented and consumed.

ADDITIONAL METHODS FOR PREVENTION EFFECTIVENESS

Decision Models

Models are useful in conducting prevention-effectiveness studies, especially when
evidence of effectiveness is indirect or uncertain. In some instances, a prevention
strategy demonstrably improves a health outcome, and direct evidence of this 1s
available. For example, mammography screening and follow-up for women over 50
vears of age have been confirmed to reduce mortahity from breast cancer. In many
mnstances, however, such direct effects cannot be measured. When they cannot, we
must rely on indirect evidence of the effectiveness of an intervention. For exam-
ple, former smokers have lowered their risk of lung cancer, vet no studies have
been conducted to show that a specific smoking-cessation strategy prevents
lung cancer. A model would rely on indirect evidence that the smoking-cessation
strategy decreases smoking and on the knowledge that cessation decreases the risk
of developing lung cancer. Such indirect evidence can be used with confidence be-
cause each link in the chain of causality can be clearly documented.

Models can be very helpful in making assumptions explicit and in forcing ex-
amination of the logic, coherence, and evidence for each step in the process. The
evidence for each step should be assessed using systematic methods and rules of
evidence, such as systematic evidence reviews and, where needed, meta-analyses
(see Chapters 3 and 10). Although assessments can also include literature reviews
or the consensus of experts, such approaches may be subject to bias unless the
rules of evidence are followed uniformly.

In addition to structuring effectiveness studies, models are useful in structur-
ing other types of analysis. A basic decision analysis uses a decision-tree model
to compare alternate strategies (see Chapter 7). Decision trees include informa-
tion about the likelihood of each outcome (probabilities) and can incorporate
preferences (utilities) or costs or both for different outcomes. Other approaches
model more complex situations, such as infectious disease transmission. Markov
models define sets of probabilities for transitions among health states for each
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intervention to assess how outcomes are affected, Monte Carlo ssmulations pro-
vide a probabilistic approach, mathematical models incorporate complex mathe-
matical relationships, and microsimulation attempts to replicate details of clinical
processes.

In decision trees and other models, sensitivity analyses permit assessment of
values for which there is uncertainty. Sensitivity analyses can identify critical steps
that are likely to make a substantial difference in choosing one strategy over
another.

Modeling may help to identify the important issues for which data are needed
and thereby help to formulate a research agenda; it may also pinpoint issues for
which more precise estimates will not affect a decision. Economic analyses are
often based on such models. The use of models makes the decision process explicit
and can help to clarify the criteria upon which decisions are based.

Economic Models

Resources are always constrained. Economics provides a range of tools to under-
stand how resources are allocated as well as to help make choices about future allo-
cation. The methods discussed in this volume are cost—benefit, cost—effectiveness,
and cost—utility analyses. Each method allows comparison of difterent interven-
tion strategies based on the resources they consume and the outputs they generate.
Fach requires a careful cost analysis (i.e., identification of costs associated with a
prevention activity) and assessment of outcomes, both harms and benefits. The
scope of an analysis usually determines the appropriate analytical method and
range of consequences to consider. Cost—benefit analysis includes all costs, bene-
fits, and harms and values them in dollars or another monetary unit. It includes
costs of programs, costs to patients and others such as medical costs, direct out-of-
pocket expenses, productivity and leisure losses, and intangible costs (e.g., grief,
pain, suffering). It requires that the health outcomes be valued in monetary terms.
Cost—benefit analysis 1s particularly suited to comparisons with interventions that
include cross-sectoral considerations, for example, housing, education, or trans-
portation interventions. Cost—effectiveness usually examines direct medical, non-
medical, and productivity costs. It compares those costs with outcomes in standard
health units; such as cost per case averted. It is most suitable when comparing in-
terventions that have similar health outcomes. Cost—utility analysis compares di-
rect medical and nonmedical costs with health outcomes converted to a standard
health unit, often a quality-adjusted life year, which combines both morbidity and
mortality. Because it provides a general health measure, cost—utility analysis 1s
often used to compare health interventions which have different types of health
outcome. Each of these types of analysis is covered in more detail in later chapters.
Users should recognize that these analyses provide a great deal of information
about interventions, how they can be targeted, modified, or made more efficient.
Using them for this purpose can be particularly valuable in modifving program
strategies. Our choices have opportunity costs: one choice inevitably means that we
forego another. These techniques help us to understand the costs and conse-
quences of our choices when allocating resources.
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USES AND LIMITATIONS

Prevention-effectiveness studies are only tools in the decision-making process.
They certainly do not make the decisions themselves. Decision processes should
be based on solid technical information, such as that obtained from prevention-
effectiveness studies; but quantitative information must be combined with an un-
derstanding of preferences and values of the stakeholders that are not intrinsically
technical in nature. Judgments about those preferences, including acceptability,
feasibility, and consistency with strategy, are central to effective decision-making
processes. The information generated by these techniques can help to focus dis-
cussions among stakeholders and decision makers, allowing them to discern the
trade-offs and consequences among alternative strategies, potentially redirecting
energy toward a better understanding of the nature of the problem and identifying
acceptable solutions.

The application of economic analysis in public health 1s sull a relatively new and
dynamic area. Although there is general agreement on many of the principles of
economic analysis, controversy about their application in public health persists.
Thus, issues such as choice of discount rates, valuation of life, and discounting of
future benefits have not been fully resolved. Because public health economics 1s an
evolving field, researchers are urged to consult economists or decision analysts
when they begin to design a study. This collaboration can assure that acceptable
methods and current and appropriate data sources are used.

Many of the basic decision techniques described n this book can be used at an
individual level or a population level. A clinically relevant decision analysis can use
individual patient preferences to help guide prevention and therapeutic choices.
Similar types of analysis can inform policy choices as well.

SOCIAL, LEGAL, AND EQUITY ASPECTS

Although the decision-making aids described in this book can assist in the process
of making policy decisions, they are still just aids. Other considerations must also
be included in the decision-making process. Many prevention strategies have
much broader effects than those directly related to the health outcomes at which
they are aimed. This scope of effect is often not included explicitly in the decision-
making process. The social impact of an intervention strategy is well illustrated by
the many ramifications associated with human immunodeficiency virus/acquired
immunodeficiency syndrome (HIV/AIDS). Intervention strategies implemented
for AIDS have raised issues about civil rights among high-risk groups. Sex educa-
tion and the distribution of condoms in public schools have raised a panoply of
concerns reflecting conflicting social values involving students, parents, educators,
and public health officials.

It 1s apparent that prevention strategies must be compatible with the law, but
they do raise issues regarding regulations and have an influence on the legal system
and precedents. Counseling and testing for HIV/AIDS, for instance, have raised
important issues relating to the right to privacy (confidentiality). Many important



INTRODUCTION 7

advances in public health have required changes in regulations (e.g., limitations on
smoking in public places, the worksite, or commercial air travel).

Equity and distributional aspects must also be considered. In the context of lim-
ited resources, prevention programs can be focused in different ways. They can be
directed intensively toward high-risk populations or, less intensively, toward an en-
tire population. These alternate strategies may have very similar costs and benefits,
vet the groups that benefit may differ substantially. Similarly, the group that bene-
fits and the group that 1s harmed may be different, thus raising issues of equity.
For example, fortification of flour with folic acid to prevent neural tube defects 1s
accompanied by the risk of permanent neurological disease because diagnosis of
vitamin B, deficiency may be delayed. The benefits accrue to infants and their
families and the harms to a generally older population. Prevention-effectiveness
studies can identify, but cannot resolve, these concerns.

TYPES OF PREVENTION STRATEGIES

Traditional biomedical studies on prevention focus on such clinical strategies to
prevent disease and injury as surgical intervention and screening. Prevention-
effectiveness studies, however, focus on prevention strategies that encompass the
entire domain of public health practice. As a result, many elements of the out-
comes and costs are measured differently in prevention-effectiveness studies com-
pared to chimcal prevention studies. In preventing lead poisoning, for example,
costs related to a prevention strategy might include the nonmedical costs of re-
moving lead paint from older buildings and replacing plumbing that contains lead,
in addition to the medical costs of screening and treating persons with elevated
blood-lead levels.

Prevention strategies often embody a variety of intervention approaches. In
general, however, strategies can be classified as clinical, behavioral, environmental,
or systemic. Clinical prevention strategies are those conveyed by a health-care
provider to a patient, often within a clinical setting (e.g., vaccinations, screening
and treatment for diabetic eye disease, and monitoring treatment for tuberculosis).
Behavioral interventions require individual action, such as eating a healthful diet,
exercising, stopping smoking, or wearing a bicycle helmet. They may employ a
clinical or a population-based implementation strategy. Environmental strategies
are those that society can impose and that may require little effort on the part of an
individual. Examples of such strategies are laws that limit smoking in public
places, dictate the removal of lead from gasoline, prescribe the addition of fluoride
to public water supplies, and require the use of seat belts in motor vehicles. Sys-
temic changes involve changing the fundamental community processes. For exam-
ple, improved access to care may require basic changes in the health-care system
and financing.

These four approaches should be distinguished from the traditional medical
model of prevention based on three stages in disease and injury processes. Primary
prevention targets risk factors to prevent occurrence of disease or injury. Secondary
prevention targets subclinical disease through early 1dentification and treatment.
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Tertiary prevention is aimed at an established disease or injury to ameliorate pro-
gression and maximize function for the person affected.

In keeping with expectations for an introductory text, this book is not intended
to be exhaustive, nor does it provide an in-depth theoretical basis for analytic
methods. Similarly, this book does not provide an in-depth discussion of system-
atic literature reviews and synthesis. Such information is available elsewhere (see
the bibliography at the end of each chapter). A guide to computer software is also
included in Appendix C.

Although program evaluation supports prevention-effectiveness research,
program-evaluation methods are not specifically addressed in this book, nor do we
discuss in depth many social, legal, and distributional issues that are important
parts of many policy decisions.
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reduce smoking, improve nutri-

E;ﬂ.ch year, more than 2 million Americans have
a heart atrack or stroke, and more than 800,000
of them die; cardiovascular disease is the leading

cause of death in the United States and the largest

cause of lower life expectancy
among blacks. Related medical
costs and productivity losses ap-
proach $450 billion annually, and
inflation-adjusted direct medical
costs are projected to triple over
the next two decades if present
trends continue.?

To reduce this burden, the De-
partment of Health and Human
Services (DHHS), other federal,
state, and local government agen-
cies, and a broad range of private-
sector partners are today launch-
ing a “Million Hearts” initiative
to prevent 1 million heart attacks
and strokes over the next 5 years
by implementing proven, effec-
tive, inexpensive interventions (see
table).

Cardiovascular prevention works
in two realms: the clinic and the
community. Clinical and commu-
nity interventions each contribut-
ed about equally to the 50% re-
duction in U.S. mortality due to
heart attacks between 1980 and
2000.2 If used consistently, prov-
en interventions could prevent
more than half of heart attacks
and strokes. It’s time to take the
next big step.

In the clinical realm, Million
Hearts will improve management
of the “ABCS” — aspirin for high-
risk patients, blood-pressure con-
trol, cholesterol management, and
smoking cessation. As for com-
munity-based prevention, the ini-
tiative will encourage efforts to

10.1055[N EJMP1110421 NEJM.ORG
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tion, and reduce blood pressure.
It will implement the cardiovas-
cular-disease—prevention priorities
of the National Quality and Na-
tional Prevention Strategies and
help in meeting targets set by
Healthy People 2020.

Improving management of the
ABCS can prevent more deaths
than other clinical preventive ser-
vices.®> Patients reduce their risk
of heart attack or stroke by tak-
ing aspirin as appropriate. Treat-
ing high blood pressure and high
cholesterol substantially and
quickly reduces mortality among
high-risk patients. Even brief
smoking-cessation advice from
clinicians doubles the likelihood
of a successful quit attempt, and
the use of medications increases
quit rates further.

Currently, less than half of
people with ischemic heart dis-
ease take daily aspirin or another
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The Million Hearts Initiative: Principles and Examples of Interventions.*

Million Hearts
Principles and Approaches

Effect on Quality

of Care or Prevention Sample Activities

Improving clinical management of aspirin use, blood-pressure control, cholesterol management, and smoking cessation (ABCS)

Focus Communication, clinical measure- « Incorporation of simple, consistent ABCS indicators into the

ment, and reporting by physi-

cians, health care facilities, and
health care systems will empha-
size improving ABCS care

Health information
technology (HIT)
and target intervention to pa-

HIT enables providers and facilities « Meaningful use criteria include clinical quality measures for

to improve cardiovascular care

Physician Quality Reporting System, Medicare Part D and
Medicare Advantage plan ratings, EHR meaningful use criteria,
community clinic measures, and guidelines from private-sector
organizations

hypertension and cholesterol control. Meaningful use of EHRs
can include routine assessment of cardiac risk; use of patient re-

Clinical innovations

Policies and programs
designed to reduce
tobacco use and exposure
to second-hand smoke

Policies for reducing sodium
content of food

Policies aimed at eliminat-
ing artificial trans fats
from diet

tients in need of intensified
care through registries and
EHR functions used at the

point of care

Innovations such as team-based
care, patient-centered medical
homes, and interventions to
promote adherence will be sup-

medication adherence

ported, evaluated, and dissemi-
nated rapidly to increase use of
effective ABCS care practices

disease

Lowering exposure reduces heart
attack risk among both smokers
and nonsmokers

Facilitating healthier choices by
consumers reduces risk of hy-
pertension and cardiovascular

Further reducing intake of artificial
trans fat, which increases LDL
cholesterol levels, decreases

Expanding community initiatives to reduce smoking, improve nutrition, and reduce blood pressure

cessation

+ Mass-media campaigns will aim to reduce smoking initiation
and promote cessation

ing sedium

+ The CDC's NHANES will begin collecting information on sodium

consumption

HDL cholesterol levels, and in-
creases risk of heart attacks

call, reminders, decision support, order sets; and monitoring of

« HIT Regional Extension Centers and Beacon Communities, which
reach nearly 100,000 primary care providers, will support providers
and institutions in using EHRs to improve ABCS management

« In 2011, a pharmacist-led campaign will provide materials and facili-
tate patient counseling about hypertension control

« The CDC and the Agency for Healthcare Research and Quality will
identify and disseminate strategies that improve ABCS delivery

« Beginning September 2012, the FDA will require large, promi-
nent health warnings on all cigarette packaging and advertise-
ments in the United States

» Grants to communities will address tobacco-use prevention and

« Menu-labeling requirements in chain restaurants will help people
make more informed choices about what they eat
« The CDC will increase public and professional education regard-

» The CDC and the FDA will work with industry to expand volun-
tary food reformulation initiatives
» The CDC will moniter trans fat levels through NHANES

* EHR denotes electronic health record, HDL high-density lipoprotein, LDL low-density lipoprotein, and NHANES National Health and
Nutrition Examination Survey.
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antiplatelet agent; less than half
with hypertension have it ade-
quately controlled; only a third
with hyperlipidemia have ade-
quate treatment; and less than a
quarter of smokers who try to
quit get counseling or medica-
tions. As a result, more than 100
million people — half of Ameri-
can adults — smoke or have un-
controlled high blood pressure

or cholesterol; many have more
than one of these cardiovascular
risk factors. Increasing utilization
of these simple interventions could
save more than 100,000 lives a
year.* Measuring and monitoring
can encourage providers to im-
prove preventive care.*
Improving care is particularly
critical in light of increases in
the prevalence of obesity and dia-
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betes. Obesity and physical activ-
ity are currently being addressed
by complementary efforts designed
to improve understanding, imple-
ment pilot or community-based
programs, and evaluate outcomes.
The First Lady’s “Let's Move”
campaign is a comprehensive ini-
tiative with the goal of ending
childhood obesity — a precursor
to cardiovascular disease — with-

Copyright © 2011 Massachusetts Medical Society. All rights reserved.
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in a generation by fostering envi-
ronments that support increased
physical activity and improved
nutrition for children and fami-
lies. And public and private part-
ners are working to expand the
Diabetes Prevention Program,
which promotes weight loss, im-
proved nutrition, and increased
physical activity among people at
highest risk.

The Affordable Care Act (ACA)
provides a strong foundation for
Million Hearts by increasing cov-
erage and facilitating improved
care. It waives patient cost shar-
ing for preventive services, includ-
ing blood-pressure and cholesterol
screening and smoking-cessation
counseling and treatment, for en-
rollees in new private insurance
plans. The new annual wellness
visit for Medicare beneficiaries
will help physicians focus on re-
ducing cardiovascular risk and
target interventions appropriately.
Eliminating Medicare’s “dough-
nut hole” in prescription-drug
coverage will increase access to
blood-pressure, cholesterol-lower-
ing, and smoking-cessation med-
ications. Covering 32 million cur-
rently uninsured Americans will
reduce financial barriers to pre-
ventive care, and expanding com-
munity health centers will in-
crease access to care and reduce
health disparities. In addition,
electronic health records (EHRS)
will support improved clinical
decision making.

Additional means of increas-
ing control of the ABCS include
reducing or eliminating copay-
ments for medications, once-a-day
dosing, team-based care approach-
es, stepwise care management,
and new forms of payment and
delivery for higher-quality, higher-
value, and coordinated care, such
as those envisioned for account-
able care organizations.

MILLION HEARTS — PREVENTING HEART ATTACKS, STROKES

Expanding use of prevention-
oriented EHRs will enable pro-
viders and health systems to track
and improve management of the
ABCS. Incorporating core ABCS-
related quality measures and
decision-support tools into the
2013-2014 criteria for “meaning-
ful use” of information technol-
ogy and providing technical assis-
tance through quality-improvement
organizations in all states, the 62
Health Information Technology
Regional Extension Centers (which
reach nearly 100,000 primary
care doctors), and Beacon Com-
munities will reach more than
100 million patients within the
next few years.

Million Hearts will work to
standardize core ABCS indicators
across medical practices, insurers,
institutional providers, and sys-
tems in public and nonpublic
settings. Standardization will fa-
cilitate public reporting and iden-
tification and diffusion of best
practices and will reduce provid-
ers’' burden by streamlining qual-
ity measurement and improve-
ment. The initiative will be linked
to quality-recognition programs
(e.g., the Physician Quality Re-
porting System and star ratings
for Medicare Part D and Medi-
care Advantage plans) and may
eventually support approaches in
which providers are paid more
for better preventive care.

Community-based prevention
works by facilitating healthy
choices. Important community-
based prevention initiatives in-
clude those funded by the Ameri-
can Recovery and Reinvestment
Act’'s Communities Putting Pre-
vention to Work program and
programs supported by the ACA’s
Prevention and Public Health
Fund, including Community
Transformation Grants, initiatives
for tobacco control and chronic-

10.1056/NEJMp1110421 NEJM.ORG
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disease prevention and control,
many National Prevention Strate-
gy initiatives, and state and local
actions addressing tobacco use,
nutrition, and the linkage between
clinical and community-based
prevention.

Reductions in smoking, sodium
consumption, and trans fat con-
sumption can substantially and
rapidly improve cardiovascular
health. Warning people about the
harms of tobacco use through
mass media and other measures,
as well as package labeling as
enabled by the Family Smoking
Prevention and Tobacco Control
Act, and creating smoke-free pub-
lic places and workplaces, as de-
tailed in the National Prevention
Strategy and facilitated through
ACA-funded community grants,
should further reduce smoking
rates by discouraging smoking ini-
tiation and encouraging cessation.

Reducing sodium intake, an-
other key National Prevention
Strategy intervention, reduces
risks of hypertension and cardio-
vascular disease. Because most
dietary sodium comes from pro-
cessed and restaurant foods, it's
difficult for Americans to limit
their sodium consumption. Pro-
curement guidelines from the
DHHS and the General Services
Administration and proposed
school-food standards from the
Department of Agriculture in-
clude a focus on sodium reduc-
tion. Menu-labeling requirements
in chain restaurants will help peo-
ple make more informed choices.
The Centers for Disease Control
and Prevention (CDC) is increas-
ing public and professional edu-
cation regarding sodium, and
the CDC’s National Health and
Nutrition Examination Survey
(NHANES) will begin collect-
ing information on sodium con-
sumption.
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Consumption of artificial trans
fat increases the risk of cardio-
vascular disease by raising low-
density lipoprotein (LDL) cho-
lesterol levels and lowering
high-density lipoprotein (HDL)
cholesterol levels. Replacing arti-
ficial trans fat with heart-healthy
oils is feasible and does not in-
crease the cost or change the fla-
vor or texture of foods. Since the
Food and Drug Administration
began requiring listing of trans
fat content on food labels, the in-
dustry has voluntarily reformu-
lated foods, and according to
CDC data, Americans’ trans fat
consumption has decreased by at
least half. Elimination of such
consumption could prevent 50,000
deaths per year.

Million Hearts will leverage,
focus, and align existing invest-
ments and generally not require

MILLION HEARTS — PREVENTING HEART ATTACKS, STROKES

new public spending. Voluntary
initiatives will simplify, harmo-
nize, and automate clinicians’ re-
porting requirements, decrease
administrative burden, improve
the quality of prevention and
care, and inform the public more
fully. Improvements in control of
the ABCS, nutrition, and smok-
ing are projected to prevent more
than a million heart attacks and
strokes over the initiative’s first
5 years. By focusing our initial
efforts where they will save the
most lives, we aim to make prog-
ress toward a health system that
will serve Americans’ needs in
the 21st century.

Disclosure forms provided by the authors
are available with the full text of this article
at NEJM.org.

Dr. Frieden is the director of the Centers for
Disease Control and Prevention, Atlanta;
Dr. Berwick is the administrator of the Cen-
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5. mswmﬁu’n5m‘s‘(un'|ﬂm-s'|.,mmam (Methods of Data Analysis)

- 1ﬁm'imoanm'n‘lﬁmmmunummmmuﬂsma’lu \3uELUS ordinal, nominal %38
interval scale
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(B error)
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PRISMA 2009 Flow Diagram
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From: Moher D, Liberati A, Tetzlaff J, Altman DG, The PRISMA Group (2009). Preferred Reporting ftems for Systematic Reviews and Meta-
Analyses: The PRISMA Statement. PLoS Med 6(6): e1000097. doi:10.1371/journal.pmed 1000097

For more information, visit www.prisma-statement.org.
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@l PRISMA 2009 Checklist

: L Reported

Section/topic Checklist item on page #

Title 1 | Identify the report as a systematic review, meta-analysis, or both.

ABSTRACT

Structured summary 2 | Provide a structured summary including, as applicable: background; objectives; data sources; study eligibility criteria,
participants, and interventions; study appraisal and synthesis methods; results; limitations; conclusions and
implications of key findings; systematic review registration number.

INTRODUCTION

Rationale Describe the rationale for the review in the context of what is already known.

Objectives 4 | Provide an explicit statement of questions being addressed with reference to participants, interventions, comparisons,
outcomes, and study design (PICOS).

METHODS

Protocol and registration 5 | Indicate if a review protocol exists, if and where it can be accessed (e.g., Web address), and, if available, provide
registration information including registration number.

Eligibility criteria 6 | Specify study characteristics (e.g., PICOS, length of follow-up) and report characteristics (e.g., years considered,
language, publication status) used as criteria for eligibility, giving rationale.

Information sources 7 | Describe all information sources (e.g., databases with dates of coverage, contact with study authors to identify
additional studies) in the search and date last searched.

Search 8 | Present full electronic search strategy for at least one database, including any limits used, such that it could be
repeated.

Study selection 9 | State the process for selecting studies (i.e., screening, eligibility, included in systematic review, and, if applicable,
included in the meta-analysis).

Data collection process 10 | Describe method of data extraction from reports (e.g., piloted forms, independently, in duplicate) and any processes
for obtaining and confirming data from investigators.

Data items 11 | List and define all variables for which data were sought (e.g., PICOS, funding sources) and any assumptions and
simplifications made.

Risk of bias in individual 12 | Describe methods used for assessing risk of bias of individual studies (including specification of whether this was

studies done at the study or outcome level), and how this information is to be used in any data synthesis.

Summary measures 13 | State the principal summary measures (e.g., risk ratio, difference in means).

Synthesis of results 14 | Describe the methods of handling data and combining results of studies, if done, including measures of consistency
(e.g., I’ for each meta-analysis.

Page 1 of 2




@B PRISMA 2009 Checklist

Reported

Section/topic # | Checklist item

on page #

Risk of bias across studies 15 | Specify any assessment of risk of bias that may affect the cumulative evidence (e.g., publication bias, selective
reporting within studies).

Additional analyses 16 | Describe methods of additional analyses (e.g., sensitivity or subgroup analyses, meta-regression), if done, indicating
which were pre-specified.

RESULTS

Study selection 17 | Give numbers of studies screened, assessed for eligibility, and included in the review, with reasons for exclusions at
each stage, ideally with a flow diagram.

Study characteristics 18 | For each study, present characteristics for which data were extracted (e.g., study size, PICOS, follow-up period) and
provide the citations.

Risk of bias within studies 19 | Present data on risk of bias of each study and, if available, any outcome level assessment (see item 12).

Results of individual studies 20 | For all outcomes considered (benefits or harms), present, for each study: (a) simple summary data for each
intervention group (b) effect estimates and confidence intervals, ideally with a forest plot.

Synthesis of results 21 | Present results of each meta-analysis done, including confidence intervals and measures of consistency.

Risk of bias across studies 22 | Present results of any assessment of risk of bias across studies (see Item 15).

Additional analysis 23 | Give results of additional analyses, if done (e.g., sensitivity or subgroup analyses, meta-regression [see Item 16]).

DISCUSSION

Summary of evidence 24 | Summarize the main findings including the strength of evidence for each main outcome; consider their relevance to
key groups (e.g., healthcare providers, users, and policy makers).

Limitations 25 | Discuss limitations at study and outcome level (e.g., risk of bias), and at review-level (e.g., incomplete retrieval of
identified research, reporting bias).

Conclusions 26 | Provide a general interpretation of the results in the context of other evidence, and implications for future research.

FUNDING

Funding 27 | Describe sources of funding for the systematic review and other support (e.g., supply of data); role of funders for the

systematic review.

From: Moher D, Liberati A, Tetzlaff J, Altman DG, The PRISMA Group (2009). Preferred Reporting Items for Systematic Reviews and Meta-Analyses: The PRISMA Statement. PLoS Med 6(6): e1000097.
doi:10.1371/journal.pmed 1000097

For more information, visit: www.prisma-statement.orq.
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Study type
Cost minimisation analysis

Cost effectiveness analysis
Cost-utility analysis

Cost-benefit analysis

Different forms of economic evaluation

Measurement of benefits
Benefits found to be equivalent

Natural units
Healthy years
life years,
healthy years equivalents)

(eg life years gained)
(eg quality adjusted

Monetary terms

Question posed

Which is the most eficient
way achieving a given
goal (or objective)?

or
What is the most efficient
way of spending
a given budget?

Should a given goal (or
objective) be pursued to
a greater or lesser
extent?




Referees' checklist (also to be used, implicitly, by authors)

Study desi

(1) The research question is stated

(2) The economic importance of the research question is stated

(3) The viewpoint(s) of the analysis are clearly stated and justified

(4) The rationale for choosing the alternative programmes or interventions compared is stated
(5) The alternatives being compared are clearly described

(6) The form of economic evaluation used is stated

(7) The choice of form of economic evaluation is justified in relation to the questions addressed

Data collection

(8) The source(s) of effectiveness estimates used are stated

(9) Details of the design and results of effectiveness study are given (if based on a single study)

(10) Details of the method of synthesis or meta-analysis of estimates are given (if based on an overview of a number
of effectiveness studies)

(11) The primary outcome measure(s) for the economic evaluation are clearly stated

(12)Methods to value health states and other benefits are stated

(13) Details of the subjects from whom valuations were obtained are given

(14) Productivity changes (if included) are reported separately

(15) The relevance of productivity changes to the study question is discussed

(16) Quantities of resources are reported separately from their unit costs

(17)Methods for the estimation of quantities and unit costs are described

(18) Currency and price data are recorded

(19) Details of currency of price adjustments for inflation or currency conversion are given

(20) Details of any model used are given

(21) The choice of model used and the key parameters on which it is based are justified

Analysis and interpretation of results

(22) Time horizon of costs and benefits is stated

(23) The discount rate(s) is stated

(24) The choice of rate(s) is justified

(25) An explanation is given if costs or benefits are not discounted

(26) Details of statistical tests and confidence intervals are given for stochastic data
(27) The approach to sensitivity analysis is given

(28) The choice of variables for sensitivity analysis is justified

(29) The ranges over which the variables are varied are stated

(30)Relevant alternatives are compared

(31)Incremental analysis is reported

(32)Major outcomes are presented in a dissaggregated as well as aggregated form
(33) The answer to the study question is given

(34) Conclusions follow from the data reported

(35)Conclusions are accompanied by the appropriate caveats
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8 REPORTING CEA RESULTS

Reports on CEA results must provide sufficient information to enable
independent analysts to critically evaluate the estimates of the costs and
effectiveness of the interventions studied. In addition, they should be able
to interpret the findings of the CEA and assess the possibility of
generalizing them to their own decision-making context.* Since it may
not always be possible to document this information in a journal article,
additional information should be provided in background reports or
on the World Wide Web. To enhance transparency and ensure
accountability, all reports and all data inputs, including assumptions,
used in deriving the estimates, should be placed in the public domain.

A CEA report usually contains, or indicates sources for, a detailed des-
cription of the inputs and methods used to estimate costs, effectiveness and
cost-effectiveness ratios of the interventions studied. The ten-point checklist
introduced by Drummond et al. (17) or a similar format may be used as a
guide to analysts seeking to improve the quality of their study reports.

The following section outlines the key information to be reported with
respect to the elements of CEA. A short description of WHO's approach
to reporting GCEA results can be found in Annex A.

8.1 COST INFORMATION

Reports should contain or discuss:

* information on unit prices and quantities for the main factor inputs used
to estimate programme costs (e.g. personnel, vehicles, office space etc.);

* how patient costs were estimated—for example the cost per visit or
bed-day, the costs of laboratory tests—and what assumptions were
used, including questions of intervention coverage levels, capacity
utilization, depreciation rates used to obtain capital costs, etc.;

o whether the costs used in the study have face validity, in terms of other
costs reported in the literature, for example, and whether they were
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obtained from a sample of costs that are likely to be representative
rather than based on a single observation;

¢ results of sensitivity and uncertainty analysis; and

* space permitting (e.g. for web-based presentation of results), a detailed
listing of quantities and prices of factor inputs used in the analysis.

8.2 EFFECTIVENESS INFORMATION

Reports should contain or discuss:

* whether a systematic search for evidence on baseline epidemiology and
effectiveness was undertaken, the criteria used for selecting sources,
the assumptions made, etc.;

¢ quantitative documentation of the sources and assumptions used for:
(1) the main input variables in the analysis such as prevalence,
incidence or remission rates and relative risk ratios, all of which should
be reported for both the null and the intervention scenarios; (2) how
the effectiveness of each intervention was modelled (e.g. through a
decrease in incidence, in duration, in remission, or in mortality rates);
and (3) other factors related to modelling health effects such as
intervention coverage rates, patient adherence to medicines and
follow-up visits and quality of services provided;

e the healthy life years lived by the population under both the null and
interventions scenarios, and the difference between the two
scenarios—representing the health gain of the intervention; and

* results of sensitivity and uncertainty analysis.

8.3 COST-EFFECTIVENESS RATIOS

Reports should contain or discuss:

* both a numerical and a graphical documentation of cost-effectiveness
ratios;

* cost-effectiveness ratios compared to the null for all interventions
studied, and incremental cost-effectiveness ratios for those
interventions on the expansion path;

e expansion paths clearly identified either in tabular or graphical form,
for each set of inter-dependent interventions;

* results of uncertainty analysis including use of stochastic league tables
where appropriate.

SUMMARY OF RECOMMENDATIONS

1. Reports on CEA results must provide sufficient information in the
public domain to enable independent analysts and policy-makers to
critically evaluate the validity of the estimates of the costs and
effectiveness of the interventions studied.
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Economics notes

Using cost effectiveness information

Andrew Briggs, Alastair Gray

How should the results of economic evaluations be
interpreted and used by decision makers in health
care? In cost benefit analyses the decision rule is in
principle straightforward: if benefits exceed costs then
the programme should be implemented; if not, it
should be rejected. However, the use of cost benefit
analysis is limited by the need to place monetary valua-
tions on health outcomes, and cost utility analyses are
more widely used, with results presented in terms of
the cost per QALY (quality adjusted life year).

Unfortunately, no clear decision rule exists for cost
utility analyses. Some analysts have suggested setting a
threshold value for the cost per QALY that represents
the willingness of society to pay for additional QALY's.
But others argue such thresholds could lead to uncon-
trolled expenditure growth if new procedures deliver
QALYs at less than the threshold.*

Incremental cost per QALY figures are often
grouped in league tables, which imply that interven-
tions at the top (with lower cost per QALY figures)
should take priority over those further down (see
table). Many commentators have cautioned against the
unthinking use of league tables because of non-
comparability of methods, inappropriate comparators,
and non-generalisability of results." Even if these prob-
lems were solved, however, league tables would still
need additional information to be useful to decision
makers. In the original from which the table is
constructed, Williams was considering whether the
programme for coronary artery bypass grafting in the
United Kingdom should be expanded.’ Each figure in
the table represents the incremental cost effectiveness’
of bypass grafting compared with medical manage-
ment: benefits declined as the programme was
expanded to include patients with less severe disease.
The incremental cost per QALY for bypass grafting for
severe angina with left main vessel disease was 10 times
less than for mild angina with double vessel disease.

An example of an incremental cost per QALY league table

Intervention Cost per DALY
Pacemaker for atrioventricular heart block £700
Hip replacement £750
Valve replacement for aortic stenosis £900
CABG (severe angina; left main disease) £1040
CABG (severe angina; triple vessel disease) £1270
CABG (moderate angina; left main disease) £1330
CABG (severe angina; left main disease) £2 280
CABG (moderate angina; triple vessel disease) £2400
CABG (mild angina; left main disease) £2 520
Kidney (cadaver) £3 000
CABG (moderate angina; double vessel disease) £4 000
Heart transplantation £5 000
CABG (mild angina; triple vesse! disease) £6 300
Haemodialysis at home £11 000
CABG (mild angina; double vessel disease) £12 600
Haemodialysis in hospital £14 000

CABG=coronary artery bypass grafting. Adapted from Williams®

This is an example of a changing marginal
incremental cost per QALY. The importance of the
margin is paramount in economic thinking. In the table
marginal changes in the incremental cost effectiveness
ratio take place at the “clinical margin™—that is, as the
same intervention is expanded to cover individuals with
less severe clinical disease. Age, sex, or risk factors could
be seen as clinical margins when expanding pro-
grammes. For example, in a recent study of statin
treatment for reducing cholesterol concentrations, the
average incremental cost effectiveness for patients with
pre-existing heart disease and a cholesterol concentra-
tion of >5.4 mmol/1 was £32 000 per life year gained.’
But this average hides differences in patient subgroups
of £6000 to £361 000 per life year.

Ideally, a league table should include marginal incre-
mental cost effectiveness data by having separate entries
for different subgroups. The clinical margin has major
implications for league tables: in the statin example the
authors estimated 48 differing cost effectiveness figures
for differing subgroups.

Besides the clinical margin, an intensity margin
may also be identified. Interventions may be offered at
different levels of intensity to the same patient
groups—for example, annual or biannual breast
screening, or low dose versus high dose antiviral
therapy. Here the incremental cost effectiveness ratio
must be calculated along this intensity margin: for
example, in a breast cancer screening evaluation the
analyst should be interested in comparing screening
every three years compared with no screening, a two
year compared with a three year screen, and a one year
compared with a two year screen. To compare an
annual screening programime with no programme will
be misleading, as many of the benefits of an annual
screen could potentially be achieved by a two year
screen—that is, at a lower intensity point at the margin.

The implications for the “league table” approach
are that data are required on patient subgroups at the
clinical margin of the same intervention, and between
the same patients at the intensity margin of an
intervention. This requires more information about
each margin. As many evaluations already provide
subgroup analyses, a first step is to make better use of
available information. The real choices are not about
blanket exclusions but about assessing incremental
effectiveness and costs at the margin.

1 Laupacis A, Feeny D, Detsky AS, Tugwell PX. How attractive does a new
technology have to be to warrant adoption and utilization? Tentative
guidelines for using clinical and economic evaluations. Can Med Assoc |
1992;146:473-81.

2 Gafni A, Birch 8. Guidelines for the adoption of new technologies: a pre-
scription for uncontrolled growth in expenditures and how to avoid the
problem. Can Med Assoc | 1993;148:913-7.

3 Williams A. The economics of coronary artery bypass grafting. BM/
1985;291:326-9.

4 Gerard K, Mooney G. QALY league tables: handle with care. Health Eco-

nomics 1993;2:59-64.

Palmer S, Raftery ]. Opportunity cost. BMJ 1999;318:1551-2.

Pharoah PDP, Hollingworth W. Cost effectiveness of lowering cholesterol

concentration with in patients with and without pre-existing coronary

heart disease: life table method applied to health authority population.

BMJ 1996;312:1443-8.

@ o

BM] VOLUME 320 22 JANUARY 2000 www.bmj.com


http://bham.ac.uk
http://www.bmj.com

EXERCISE




22 NORTH CAROLINA MEDICAL JOURNAL

January, 1961

Vitamin Supplements and the Incidence or Colds in

Hign School Basketball Players

A Preliminary Report

FRANK E. BARNES, JR., M. D.

SMITHFIELD

The incidence of colds among players on
high school basketball teams can be a very
real problem from the point of view of win-
ning games and league championships. This
1s important to the teen-ager and to the
school, and is part of the larger problem of
keeping this age group in good health and
able to do its best both in athletic and aca-
demic activities.

It has been recognized for some time that
during periods of rapid growth nutritional
requirements are greatly increased. The nu-
tritional needs of infants and young child-
ren during their development have received
much attention, but the adolescent does not
always get his share of attention. Many
adolescents eat too little, and many more
eat poor combinations of food A number of
surveys of the diets of teen-agers indicate
that they do not receive enough vitamins.
One survey” indicated that supplemental vi-

tamins and minerals given to school children
resulted in significant gains in both aca-
demic attainment and growth. The ratio of
growth increased from the tenth year to the
degree that "in the girl's thirteenth year,
and the boy's sixteenth year, the ratio of
gain is double that seen in the early years
of school life." In discussing adolescents,
Fischer® states that "subclinical vitamin de-
ficiency i1s quite common in this age group
and in some instances there may even be
typical av1tammoses

A recent report’ on the basis for concern
about the diet of teen-agers states that "there
is little question that this age group as a
whole practices limited judgement in the
choice of total food eaten." Two of the short-
comings cited are suboptimal supplies of
vitamin A and insufficient ascorbic acid. The
stresses which occur during adolescence
are also discussed—accelerated growth and
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Table 1
Composition of Theragran-M Tablets

Vitamin A

Vitamin D

Vitamin K

Thiamine mononitrate
Riboflavin

Pyridoxine hydrochloride
Vitamin B12 activity concentrate
Folic acid

Niacinamide

d-Calé¢ium pantothenate
Ascorbic acid

Vitamin E

Calcium

lodine

Iron

Potassium

Copper

Manganese

Magnesium

Zine

inefficient use of certain important sub-
stances as a result of frequent, important
emotional problems.

Although boys and girls playing basket-
ball are usually in good physical condition
as compared with the majority of high school
students, they have the added stress of
greater and more frequent exposure to
changes in temperature, since they play in
hot gymnasiums, take showers, and go out
into cold air on repeated occasions.

Materials and Methods

In North Carolina it is well known that
high school students eat a poorly balanced
diet. Recent studies made by student nurses
from the University of North Carolina Nurs-
ing School revealed that the majority of the
students have an inadequate diet. A very
small percentage drink a glass of milk a
day, but many seem to survive on hot dogs
and cola drinks. As a means of supplement-
ing these diets and of observing the effects
of multivitamins in fortifying the students
against winter ills, a program was worked
out with the staff and students of the Smith-
field, North Carolina, High School. The
school officials were enthusiastic, and co-
operated in keeping daily charts on the pro-
gress of the study.

High levels of ascorbic acid were con-
sidered to be necessary to ward off the usual

Contents of One Tablet
25,000 U.S.P. umits
1,000 U.S.P. units

2 mg.
10 mg
10 mg.
50 mg.
5 mcg.
0.1 mg.
100 mg.
20 mg.
200 mg.
5 International units
105 mg.
0.15 mg.
15  mg.
5 mg.
1 mg.
1 mg.
6 meg.
1.5 mg.

run of colds, a fact that was taken into con-
sideration in the choice of a supplemental
vitamin preparation. Theragran-M* was
chosen after the many vitamin preparations
available were evaluated for the present pur-
pose. The composition of this preparation is
given in table 1.

The boys' and girls' basketball teams, 26
players in all, were examined for upper res-
piratory infections, and histories of recent
colds or sore throats were taken before the
study was begun. When first seen, 7 boys
and 4 girls had colds or evidence of recent
upper respiratory infection. None was se-
verely ill.

The coaches of the teams were put in
charge of dispensing the vitamin tablets, one
of which was given to each player every
day for approximately seven weeks. If a cold
or sore throat was reported either at prac-
tice or before a game, this was recorded.
Each player was given a supply of tablets
to take over the week-end while he was at
home. An attempt was made to keep the
players on the vitamin preparation for the
full seven days of every week. Sixteen other
boys and girls of the same age and back-
ground as the players served as a control
group and reported daily to the coaches.

* Supplied by The Squibb Institute for Medical Research,
New Brunswick, New Jersey.
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Table 2

The Effect of Vitamin Supplements on the Incidence of Colds
in High School Students

{Total Study Period, 848 Days)

Control Group (8 boys, 8 girls)

Group Receiving Vitamins

Boys (10) Girls (13)
January 13 to March 6 January 13 to March 6 January 13 to February 26_
Sex No.Days No.Days Boys Days of  Daeyswith  Girls Days of  Days with
with Colds Absent Medication Colds Medication Colds
JB* F 10 5 EB 38 PA 43 Q%
sc F 7 2 RB 47 2 AB 43 1%#
BC F 4 - CwW 47 1 MAB 43 Gr*
BCr F 9 3 PE 47 2%4x LB 43 0
MD P 4 = MG 47 3eex BLC 43 0
SNH Iy o = SBMe 46 1 PE 43 0
KJ* F 19 2 JO 42 2 PH 41 0
JO F 7 % NL 43 3
TH 47 1
TE M 6 @ DL 46 3 MC 43 0
BG M 11 SS 46 1 AC 43 0
JOg M 8 1 LH 43 1
TO M 9 2 SH 42 0
CO# M ¥ BBt 22 0t
JS8 M
BW M :
i M
16 110 8 10 454 16 13 535 18

* At least two colds
** Very light colds
*** One day each, mlld colds
T Added to group during third week of study
“Flu"” for five days

Records of absences from classes for all
students in both groups were also kept. The
parents and, if necessary, the family physi-
cian were consulted before the medication
was initiated. Only two parents asked that
their children not be given the vitamins,
since these children were on special diets
and were receiving other vitamin prepara-
tions at that time.

Results

Experimental groups

The results are summarized in table 2.
Almost from the start of the experiment
there were complaints among the boys who
had been receiving their tablets just before
practice, of abdominal cramps and some
diarrhea (6 boys complained of this condi-
tion during the first week). None of the
girls who received the tablets just after
practice had these symptoms. When the

coaches changed the procedure and gave
both groups their vitamin preparation after
the practice sessions or games, the symp-
toms subsided. One boy, however, stopped
taking the preparation during the third
week of the study at the request of his
parents, who felt that it might be causing
his vague abdominal complaints. Another
boy stopped taking the vitamins during the
fourth week of the study because he thought
the tablets were causing indigestion. The
rest of the players experienced no other
symptoms during the remainder of the
study.

The girls' basketball team was made up of
13 players, one of whom refused to take the
preparation being tested since she was on a
diet. The group as a whole, consisting of 12
players, had 19 days of colds and five days
of "flu." One girl reported a cold for nine
days, another a cold for five days. Two girls,
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therefore, were responsible for 14 of the
total of 19 days when colds were reported.
One of these two girls on four days, had
only suggestive symptoms of a cold. It is
noteworthy that only two days were missed
by the entire group of 12 girls during their
seven weeks of school. A new girl joined the
team in the third week of practice and
promptly had a case of influenza lasting five
days. During the time of the study, 535
tablets were dispensed to the girls, and no
ill effects were observed in this group.

AVERAGE NUMGER OF DAYS WITW COLDS

;

§

i

AvIRAGT TTuly AIRODE #4] Oavs
sadl Qavy
Se il Oavg

i

Fig. 1

The boys' basketball team was also made
up of 13 players at the beginning of the
study, but 3 boys stopped taking the vita-
mins before it was completed. A total of
454 tablets were dispensed. The majority of
colds in the boys' basketball team were not-
ed during the first week of practice—four
days of colds involving 3 boys—and only two
days of school were missed out of the entire
eight weeks.

An unusual circumstance was that 7 boys
reported with colds on the same day in the
fourth week, but none was noted to have
any cold the rest of the week. They had
played a hard, rough game the night before,
a circumstance that was repeated during
the sixth week, when 6 players reported for
practice with colds on a Monday, but no
colds appeared during the rest of the week.
It was questioned whether this was just the
effect of strenuous exercise or undue activ-
ity over the week-end, since the colds com-
pletely disappeared in a 24-hour period. A
total of 13 days with colds were reported by
this group in two days, and none thereafter.
An aggregate of 16 days with colds was re-
ported by members of the boys' basketball
team.
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Control Group

The control group, made up of 8 boys and
8 girls, differed markedly from the two
groups receiving vitamins as to the total
number of days on which colds were report-
ed, and the days missed from school. This
control group reported 110 days with colds
out of a total number of 848 days. Five of
the group had colds twice during the period
of the study, and only 3 out of the entire
group had no colds or other sickness at any
time during the study. Eleven had at least
one week of colds. Three had 10 or more
days of colds or evidence of influenza. The
group as a whole missed eight days of
school.

Comment

The coaches and the school officials noted
a definite improvement in the students given
the vitamin supplementation, both in their
attitudes and playing ability, from that ob-
served in previous years when no supple-
ments had been given. The coaches were
enthusiastic about the greatly reduced num-
ber of absences from practice and games.
They are interested in continuing the vita-
min supplements in future years, not only
with the basketball teams but also with the
football teams, since the bitter, cola weather
of October and November is usually produc-
tive of colds and disrupts the athletic pro-
gram.

Summary and Conclusions

1. Records were kept of the incidence of
colds for approximately eight weeks in a
total of 39 high school students. Of this
group, 13 girls and 10 boys received Thera-
gran-M (a multivitamin supplement), and
regularly 10 boys and girls of comparable
age and background served as controls. The
two groups who received the vitamins were
members of the basketball teams.

2. The control group reported with colds
on an aggregate of 110 days during the study
period. The 10 boys who received 454 Thera-
gran-M tablets reported colds on 16 days,
and the 13 girls who received 535 tablets
reported colds on 18 days. This was an
average incidence of 6.9 days of colds for
the controls, but for those who received vi-
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tamins it was 1.6 days for the boys and 1.3
days for the girls.

3. Although the number of students in
the two groups was small, it is believed that
the vitamins definitely improved the health
of the students. It is suggested that all high
school students need multivitamin supple-
ments, particularly during strenuous ath-
letics in the fall and winter months.
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Correspondence

VITAMIN SUPPLEMENT FOR
HIGH SCHOOL STUDENTS

To the Editor:

I write with reference to the article by
Dr. Frank E. Barnes, Jr., "Vitamin Supple-
ments and the Incidence of Colds in High
School Basketball Players: A Preliminary
Report." Dr. Barnes is to be commended for
his desire to investigate the possibility that
vitamin supplements might benefit the
health of high school students. He ends,
". . . it is believed that the vitamins de-
finitely improved the health of the students.
It is suggested that all high school students
need multivitamin supplements, particular-
ly during strenuous athletics in the fall and
winter months."

Unfortunately, these conclusions are not
justified in view of the design of the in-
vestigation. Undoubtedly the vitamin manu-
facturers are likely to quote Dr. Barnes'
conclusions in their advertising. Again, we
should be concerned about the possibility
of unnecessary expenditure of money on
vitamins by lay persons who are not quali-
fied to interpret the meaning of such a
report, and who may be unduly impressed
by the conclusions. For these reasons the
study needs to be redesigned and repeated.
A survey of the article leads to the follow-
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ing essential comments. The 16 "other boys
and girls of the same age and background
as the players" who served as a "control
group" unfortunately have one very great
difference which was ignored in the study,
namely, that they are not basketball players.
It is possible that non-players would ex-
perience a different number of colds even
if they had also been receiving a vitamin
supplement. In fact they received nothing,
not even a placebo. In any case, the common
cold leads a fairly typical course and it is
doubtful if the "colds" of one day's duration
are the same kind of illness as those of
longer duration. Certainly, the presence or
absence of a cold is a very subjective factor
which must not be left uncontrolled. Other
factors include the official enthusiasm de-
scribed by Dr. Barnes and possibly the day-
to-day successes or failures of the teams. It
1s interesting to notice Dr. Barnes's state-
ment that on one day 7 boys reported with
colds following a "hard, rough game the
night before, a circumstance that was re-
peated during the sixth week, when 6 play-
ers reported for practice with colds on a
Monday, but no colds appeared during the
rest of the week." Unfortunately, he does
not tell us whether the teams were having
a winning or losing streak at that time, but
this might have important effects upon the
incidence of illness.

All the variables can be fairly adequately
taken care of by setting up a carefully con-
trolled study using the double blind tech-
nique. It is for this reason that I am writing
this letter, not in a spirit of criticism but in
the hope that Dr. Barnes will feel encour-
aged to continue with his work and to re-
peat it under more scientifically rigorous
conditions. A research study such as he is
conducting is worth going to some trouble
over as the results can prove to be most
enlightening. With a minimal degree of
assistance, it should be possible for Dr.
Barnes to divide his basketball players
randomly into two groups who would then
receive coded vitamin supplements or iden-
tical-looking tablets of no therapeutic
value, while neither the players nor those
involved in evaluating the study are aware
of which people are getting which prepara-
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tion. A study of this sort would be open to
accurate statistical evaluation and a most
important publication would result.

In North Carolina there are three medical
schools each with many workers (psycholo-
gists, biostatisticians, and others) who are
qualified to help design a suitable controlled
study. I hope that Dr. Barnes will avail him-
self of such assistance and I am looking
forward to seeing a further article by him.

John A. Ewing, M.D.
Department of Psychiatry
University of North Carolina

(Dr. Barnes' reply to
Dr. Ewing follows.—FEd.)
Smithfield
Dear Dr. Ewing:

Your comments for a double-blind control
study as well as a study done on a bigger
scale are certainly worth while criticisms.
This sort of thing I have in mind at the
present time. I hope to go ahead next year
with a study of the Selma and the Smithfield
high schools, using one as a control. The
study that I undertook at the Smithfield
High School was done more out of curiosity
than anything else, as I was quite curious
about the actual benefits of vitamins on the
general public or on growing students. |
have been deluged with vitamin literature
by the different drug companies, and when
Squibb offered me sufficient vitamins to
carry out this study I thought I would just
follow it through and see if there was any
advantage in this type of medication on a
growing boy or girl. This study has already
been criticized by the A.M.A.'s Council on
Nutrition. They felt that a growing boy or
girl does not need vitamins. They might be
correct. But after the study that was done
by the student nurses from the University
of North Carolina on our high school stu-
dents, | was quite convinced that these kids
were not on an adequate diet that gave them
all the necessary vitamins. We found that a
great percentage of these children did not
eat a balanced diet, and it is amazing that
they can even exist on what they put into
their stomachs. I am also convinced that
the two sessions of supposedly sore throats
or colds that happened on two different oc-
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casions were nothing more than evidences
of fatigue, as the symptoms disappeared so
quickly. I suppose that an ideal study at the
present time would be to give the children
in the gym classes the vitamins and keep
the high school basketball athletes on just
the regular diets they receive at home. If
I can get the cooperation of the school of-
ficials and the parents, | certainly intend to
follow up this sort of study as I think it is
worth while and will either condemn or
show the need for vitamin supplements to
our growing high school students.

[ am not sure whether vitamins are doing
these kids any good or not, but they seem
to get through school very well, without
colds, and our girls just won the district
championship. I would welcome any further
investigations by people at schools such as
the University of North Carolina or at other
high schools. I hope that somebody else
will pick this up and continue the study. I
know that several of the universities have
their athletes on vitamins. Ohio University
had their basketball team on vitamins when
they went to the National Championship last
year. There has also been a study done at
the Naval Academy where it was found that
huge doses of vitamin C have cut down the
incidences of bruises on the football players.
All these things will have to be investigated
further before we come up with a definite
conclusion and I hope that the vitamin dis-
tributors will not take advantage of this
article to try to impress the public that
everybody needs vitamins. Certainly the
doctors have been deluged with this kind of
thing and I am sure they will not swallow
the whole article as a final conclusion.

Frank E. Barnes, Jr., M.D.



REVIEW

A Meta-analysis of Coffee, Myocardial Infarction,
and Coronary Death

Sander Greenland

This paper presents a meta-analysis of 22 studies of coffee
use and myocardial infarction or coronary death. In the eight
case-control studies, a fairly homogeneous increased risk was
found among coffee users (geometric mean rate ratio of 1.42
for 5 cups per day vs none, with 95% confidence limits of
1.30,1.55, homogeneity P-value of 0.89). The 14 cohort stud-
ies tended to exhibit lower but very heterogeneous rate ratios,
with a trend toward larger rate ratios in studies with longer
follow-up periods and later publication dates (geometric mean
rate ratio of 0.92 for the five cohort studies published up to

1981, 1.27 for the nine cohort studies published in 1986 or
later; overall homogeneity P-value of 0.0008). The evidence
thus remains ambiguous regarding both the existence and
size of a coffee effect, and although a rate ratio of over 1.5
for 5 cups per day appears unlikely, stronger effects for 10-
cup-per-day drinkers cannot be ruled out. (Epidemiology

1993;4:366-374)

Keywords: coffee, meta-analysis, myocardial infarction.

In 1987 1 published a statistical summary of nine
studies of coffee and myocardial infarction as an illus-
tration of meta-analytic methods.! Since that publica-
tion, several new, large, and well-analyzed studies have
appeared on the topic of coffee and myocardial infarc-
tion or coronary death,”” as well as updates of older
studies.® ! Most of these studies have found a positive
association between coffee and coronary disease. Also,
further studies linking coffee use to alteration of blood
pressure and serum lipid patterns have appeared, in-
cluding randomized trials, although the results have
been inconsistent (see, for example, Refs 12-18).

The present report updates the 1987 meta-analysis'
by presenting a statistical summary of 21 studies of
coffee use and myocardial infarction or sudden coro-
nary death published from 1968 to 1992, plus an
unpublished case-control study conducted by Ulrik
Gerdes in Denmark.

Materials and Methods
Table 1 provides details of the studies analyzed here.
searched the literature using MEDLINE and direct

examination of reference lists of recovered articles.
The search cutoff date was July 31, 1992. Unlike the

From the Department of Epidemiology, UCLA School of Public
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1987 meta-analysis,' studies of coffee and coronary
mortality that did not separate myocardial infarction
deaths from other coronary deaths were used here to
allow inclusion of a much larger number of cohort
studies. The original studies by Rosenberg et al,'® Yano
et al,”® the Western Electric Study group,”' and Snow-
don et al** are here replaced by later analyses of the
same subjects®!' The updates of the Framingham
study’’ and the Wilhelmsen et al cohort study™ pre-
sented insufficient data for inclusion here: the Fram-
ingham update gave results only for all vascular disease
combined (including angina, congestive heart failure,
intermittent claudication, and stroke) and gave insuf-
ficient data to compute standard errors, whereas the
Wilhelmsen update®* provided neither estimates of
relative risk nor data from which estimates could be
computed. The point estimates from the Framingham
update were, however, virtually the same as those in
the original report.

For studies that only presented detailed results sep-
arately for caffeinated and decaffeinated coffee,”*? the
results for caffeinated coffee were used; otherwise, total
coffee was used. For the cohort studies,®®'%*>-*! base-
line coffee consumption (consumption at start of fol-
low-up) was used. In the case-control studies used
here,”??2732-3¢ coffee questions referred to preinfarc-
tion consumption. Two of the case-control studies®"»
used only population controls (Wilhelmsen et al*
reported both cohort and case-control studies), one
(Gerdes) used a mix, and the remainder used only
hospital controls. The record-based study of Klatsky
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TABLE 1. Summary of Re-analyses for Studies of Coffee and Myocardial Infarction or Coronary Death {(1968-
1992) (Coefficients Represent Increment in Log Rate or Logit Risk per Cup of Coffee per Day)

Rate
Ratio Years
No. of % = Standard for 5 Follow-up
Study QOutcome® Casest n Cupst.¥ Coefficient§ Error§  Weight Cups/Day  (Cohort)
Cohort (in order of publication)
Klatsky et al**1 M 464 2221 —44 29 1,171 0.80 6
Dawber et al*® M 322 15=5 -39 40 625 0.82 12
Wilhelmsen et al*’ M 60 50=5 109 153 43 1.72 12
Heyden et al® D 36 13=5 —44| 76 5 0.80 45
Murravy et al** D 721 31=5 —4 19 2,921 0.98 115
Jacobsen et al®® D 941 37=5 =3 19 2,887 0.99 11.5
La Croix et al® c L 13=5 86 58 294 1.54 25
Yano et al® C 730 25=5 49 36 766 1.28 15
LeGrady et al'® D 232 53=4 82 27 1,351 1.51 19
Klatsky et al® M 724 17 =4 68 19 2,746 1.40 5
Grobbee et al’ DM 221 20=4 4 30 1,076 1.02 2
Tverdal et al® D 184 57=5 86 35 815 1.54 6.4
Rosengren’ DM 399 4 =5 31 26 1,504 1.17 7.1
Lindsted et al" D NG 10=3 86 21 2,166 1.53 26
Case-control (in order of publication)

Boston Program" M 276 9=6 66| 36 172 1.39
Jick et al**? ' M 440 1126 91 24 1,736 1.48
Hennekens et al”’ D 649 NG 30 43 538 1.16
Wilhelmsen er al*’ M 230 50=5 62| 23 1,890 1.36
Rosenberg et al’ M 491 2225 70 22 2,141 1.42
Robenberg et al M 1,541 28=5 74 15 4,526 1.45
La Vecchia et al**® M 262 13=4 120 46 465 1.82
Gerdes (unpublished) M 57 6l =5 31 52 367 1.17

* C = coronary disease incidence; D = coronary death; M = mvocardial infarction (La Croix et al®” included angina); DM = coronary death

or myocardial infarction.
1 NG = quantity not given in studv report.

¥ Percentage of subjects (cohort) or controls (case-control) drinking given number of cups per day; for example, 22 = 5 indicates 22% of

subjects reported drinking =5 cups per day.
§ Times 1,000
9 Case-control within cohort (nested case-control) study

|l “Corrected” coefficient: uncorrected coefficient plus external adjustment.

et al”® was treated as a cohort study because it was
methodologically identical to a historical cohort study,
except for sampling from existing records to obtain
matched control data. In particular, the entire source
population for the study was available and used as a
sampling frame, and all coffee and covariate data were
obtained from pre-outcome records rather than post-
outcome interviews,

I excluded the earliest case-control studies®” ™ be-
cause no coefficient and standard error estimate could
be calculated from the reports or because the coffee
questions referred to consumption at time of interview.
The study by Howell and Wilson™ was also excluded
for these reasons, and because it was a prevalence study
of heart disease. Two hospital-based case-control stud-
ies from Greece''* were excluded because their case
series were mixtures of infarct and coronary arterio-
gram patients; both of these studies exhibited larger
positive associations than any study included here. One
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historical cohort study of caffeine consumption and
mortality among hypertensives* was excluded because
a coffee regression coefficient could not be reliably
estimated from the published data (coffee use was not
directly reported). Two ecologic studies of coffee and
coronary mortality*** were excluded on the same
grounds. Finally, the study of Hrubec* was excluded
because it examined angina prevalence only.

UNPUBLISHED MATERIAL

The published reports of Klatsky et al,* LeGrady et
al,’® and Dawber et al*® were supplemented by data
kindly supplied by M. A. Armstrong, A. Dyer, and P.
Sorlie. The cases in the unpublished Gerdes study
were 57 men ages 35-55 admitted to an intensive care
unit who survived at least 1 day and were diagnosed
with acute myocardial infarction according to World
Health Organization criteria. Exclusion criteria in-
cluded psychosis, alcoholism, and foreign birth. Con-

367



ceimy

GREENLAND

trols were age-matched men free of heart disease se-
lected from admissions to the orthopedic unit during
the same period (29 controls) or from the population
register for the hospital’s service area (34 controls).

STATISTICAL METHODS

The objective of this meta-analysis was to examine
between-study variation in the log relative risk regres-
sion coefficient b for the effect of coffee on myocardial
infarction and/or coronary death risk. For cohort
studies, b is the coefficient for the effect of each cup
of coffee per day in a Cox proportional hazards, logistic
regression, or Poisson exponential regression model;
for case-control studies, b is a logistic regression coef-
ficient." In either case, e’”is the approximate relative
risk of myocardial infarction or sudden coronary death
in five-cup-per-day drinkers compared with nondrink-
ers. For studies that did not directly supply such
coefficient estimates,>>>811.15-30.32-36 computed esti-
mates from published data using the methods given in
articles by Greenland' and Greenland and Long-
necker.*® A description of the bias adjustment methods
used below is given in the 1987 review.'

For studies reporting category-specific relative risks
rather than overall coefficients (slopes), it was necessary
to assign each category a value in cups per day. For
categories of 2 cups width or less, I assigned category
midpoints. For wider categories, | assigned category
means computed from published distributions of cof-
fee consumption. For Yano et al,® the distribution
published in their earlier report®® was used to compute
the category means for that report. For other U.S.
studies, category means were computed using pub-
lished survey distributions of coffee consumption®’;
for Scandinavian studies, the distribution given by
Wilhelmsen er al*” was used.

The basic summary meta-analysis statistics used here
are inverse variance weighted averages and heteroge-
neity tests,' with random effects used when indicated.
Also, coefficient estimates were modeled using a “meta-
regression” approach.! Models were limited to fixed
effects linear regression models of the form

Eb) = a + Bix; + ... + Buxa,

where E(b) represents the parameter (coefficient) being
estimated by a study with design features xi, ... x..
These models were fit by weighted least squares using
inverse variance weights. (Random effects were not
needed in the final model because of the small residual
error.)

For interpretability, I transformed regression coef-
ficient estimates to relative risks for 5 cups per day vs

368

none. The latter value was chosen because it was the
most common cutpoint across studies, because it is a
fairly common but relatively high consumption level
in U.S. studies, and because model-based estimates for
this level of consumption do not involve extrapolation
beyond the data of any study. Readers who desire
estimates for another consumption level, say x cups
per day, may obtain them simply by computing €.
The exponential dose-response assumption implicit in
the summary estimates was checked using scatter-
plot smoothers™ fit to scatterplots of the coffee cate-
gory-specific log rate ratio estimates, separately for
case-control and cohort studies that supplied such
estimates. Since these revealed ne departures from
monotonicity and only small downward departures
from log-linearity, for brevity they are not presented.

Quality scoring was not used because, in my opinion,
such scores inappropriately and subjectively combine
heterogeneous predictors of study results. Instead, sep-
arate indicators of specific design features were exam-
ined as possible predictors of the estimated coefficients.

Statistical Results

Table 1 presents a summary of results from the studies
in the present analysis. The estimated rate ratio for 5
cups per day is the antilog of 5 X the corrected
coefficient estimate, and the study weight is the inverse
of the squared standard error. For example, for the
Dawber et al study,™® 0.82 = ¢ %% and 625 = 1/
0.040°. For the most part, the weights reflect the
number of cases in the study; exceptions occur when
only a crude indicator of coffee consumption was
analyzed by the study (such as “use/no use” or “<3
cups/>3 cups”), which results in imprecise estimates
of the regression slope b.

External adjustments were made to five of the study-
specific coefficient estimates: Dawber et al*®: —30; Hey-
den et al*®. —69; Boston program®: —31; Jick et al****:
—31; Wilhelmsen et al,*” case-control only: —69. —30
is adjustment for lack of smoking control based on
comparison of age- and age-smoking-adjusted results
in Framingham mortality data.*® —69 is adjustment for
lack of covariate control based on comparison of crude
and multivariate-adjusted results in the Wilhelmsen et
al cohort data.?” =31 is the sum of adjustments of —27
for limited smoking control and —4 for selection bias;
see Ref 1 for details of this correction. Because all of
these adjustments are negative, their elimination would
have increased the summary estimates, albeit slightly.

Because different studies used different category
cutpoints in presenting coffee distributions, the col-
umn showing the percentage of subjects or controls
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using substantial amounts of coffee (“% = n cups”) had
to employ a varying cutpoint n. Although this creates
some difficulty in comparing studies, it is clear that
coffee use in the Scandinavian studies (7, 27, 31, and
Gerdes) is far above that in other studies. Also, boiled
coffee consumption is far more prevalent among Scan-
dinavian populations and has been more closely linked
to elevated serum total cholesterol than filtered cof-
fee."*"? Despite the latter relation, the Scandinavian
studies do not exhibit systematically higher estimates
than the other studies and, in fact, are quite hetero-
geneous among themselves. Unfortunately, none of
the studies presented results for different coffee prep-
aration methods, and so preparation method could not
be directly analyzed.

From Table 1, it appears that the case-control studies
have tended to yield higher estimates than the cohort
studies, and that the cohort study estimates have
tended to increase over time. The later cohort studies
also appear to show less consistency among themselves.
The remaining statistical analyses confirm these
impressions.

Table 2 presents a basic statistical summary of the
studies in Table 1, stratified by design (case-control vs
cohort), and the cohort studies further stratified by
publication vear (“earlier” = published 1981 or earli-
er,”*"and “later” = published 1986 or later *81%11:5-31,
1984 is the mean publication year for the cohort
studies). The ratio of the case-control and all-cohort
geometric mean relative risks is 1.20, with 95% limits
of 1.01, 1.43. Because of the severe heterogeneity
among the cohort studies, random effects methods
were used to calculate these statistics and the summary
statistics for cohort studies.

The difference between the case-control and later
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cohort studies does not appear large: the point estimate
and 95% confidence limits for the ratio of relative risks
from the case-control and later cohort studies are 1.12
and 0.99, 1.26 (P = 0.08). In contrast, the point estimate
and 95% confidence limits for the ratio of relative risks
from the later cohort studies and earlier cohort studies
are 1.39 and 1.18, 1.64 (P = 0.0001), which is larger
than the ratio of the case-control and later cohort
results. A global test for residual heterogeneity within
the three groups of studies (case-control, later cohort,
and early cohort) yields an 19 degree-of-freedom chi-
squared statistic of 22.7, P = 0.25. These results parallel
the informal impressions obtained from Table 1.

The separation of cohort results into earlier and
later publications was suggested by the data, and thus
one could argue that the statistics based on this group-
ing overstate the significance of the differences. None-
theless, even with adjustment for this problem (such
as penalizing the test statistic by adding degrees of
freedom) one still obtains an extremely small P-value
for the difference between the earlier and later cohort
estimates. The same results would be obtained using
any cutpoint between 1981 and 1986.

Whereas the case-control results are quite consistent
given their statistical variability, the cohort results are
quite heterogeneous. To explore further the sources
of heterogeneity among the cohort studies, 1 analyzed
the cohort studies in Table 1 using a meta-regression
that included a location indicator (1 if Scandina-
via,*"*"3® 0 otherwise), follow-up time, and vear of
publication minus 1973, hereafter termed “year.”

Table 3 presents the results for this meta-regression.
Regression adjustment does not alter the basic differ-
ences apparent in Table 1: the Scandinavian studies
have a 13% lower geometric mean rate ratio than the

TABLE 2. Summary Statistics for Meta-analysis (All Computations Are Based on the Corrected Coefficients)

Cohort
Later Earlier
Case-Control All (=1986) (=1981)
Average coefficient (b)* 70 325 48.5 -174
SE of (b)t 9 133 8.6 14.5
RR for 5 cups/dayt 1.42 1.18 1.21 0.92
95% confidence limits for RR 1.30, 1.55 1.03, 1.34 1.17, 1.39 0.80, 1.06
Z statistic (b/SE) 7.8 2.46 5.65 -1.20
Homogeneity chi-squared 29 35.1 17.4 2.34
Degrees of freedom 7 13 8 4
P-value 0.89 0.0008 0.03 0.67

. . . Y . . . . . . .
Times 1,000. b is weighted average coefficient using inverse variance weights (with random effect for cohort studies).

1 Standard error (SE) is square root of inverse sum of weights.
1 Estimated weighted geometric mean rate ratio (RR) e*f.
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TABLE 3. Results of Multiple Linear Regression of Cohort Study Coefficients on Location (1 if Scandinavia, 0
Otherwise), Years Follow-up, and Year of Publication (Minus 1973)"

Years Publication
Location Follow-up Year
Meta-coefficient (8)1 -26.8 1.08 6.41
Standard error (o) 17.0 1.04 1.39
Estimated ratio of rate ratios} 0.87 1.10 1.67
95% confidence limits 0.74, 1.03 092,1.33 1.34,2.08
Z statistic (8/0) —158 1.04 4.60
P-value for Z (2-sided) 0.12 0.30 <0.0001

* Residual chi-squared = 9.7 on 10 degrees of freedom, P = 0.47.
1 Times 1,000.

# Estimated ratio of rate ratios for the effect of 5 cups of coffee per day. Compares Scandinavian vs non-Scandinavian studies for location, 20

years vs 2 years for follow-up, and 1990 vs 1974 for publication year; computed as ¢”* for location, ¢”'®* for follow-up, and e

year.

other studies, and the rate ratios for cohort studies
rose an average of e*®®*" — 1 = 3% per year over the
review period. Surprisingly, cohort studies with longer
follow-up times tended to have higher estimates.

Although the model fits very well, the P-values for
fit and for the year coefficient cannot be regarded as
valid because the data led to the definition and inclu-
sion of year. Nevertheless, the results do suggest that
the heterogeneity seen in Table 1 cannot be “ex-
plained” (in the statistical sense) without year in the
model: the model fit was very poor (P = 0.001) when
year was deleted. These findings were little changed
when no correction factors were used in the analysis
or when alternate category codes were used; for ex-
ample, the year coefficient was 5.99 per 1,000 when
no corrections were used. Further regressions (not
shown) indicate that other variables (type of outcome,
proportion subjects male, mean age of cohort) cannot
explain the heterogeneity among the cohort studies
and that the results are not attributable to any one
study. There appeared to be no important association
of any variable with the case-control results; variables
examined were proportion male, mean age of subjects,
source of controls (population, hospital), and year of
study.

Only three studies™® presented separate results for
decaffeinated coffee. Also, because of the lower fre-
quency of decaffeinated coffee use, the estimates of
decaffeinated coffee effects were very imprecise. There-
fore, a meta-analysis was not attempted for decaffein-
ated coffee. The results of these studies of decaffeinated
coffee are, however, within the ranges of the later
studies in Table 1. Interestingly, Grobbee et al’ found
a stronger association for decaffeinated coffee (esti-
mated rate ratio for =4 cups of decaffeinated coffee
per day of 1.5, compared to 1.1 among caffeinated
coffee users), whereas Rosenberg et al*® found a
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weaker association for decaffeinated coffee (estimated
rate ratios for =5 cups decaffeinated coffee per day of
1.2 among women and 1.8 among men, compared to
1.7 and 2.1 among caffeinated coffee users). La Vecchia
et al’ also presented an analysis for decaffeinated coffee
but failed to exclude caffeinated coffee users from the
reference (no-use) level; thus, their result (relative risk
of 0.9 for =1 cup vs none) is probably biased downward
due to the positive association in their study of caffein-
ated coffee and myocardial infarction.

Finally, four of the studies’'® presented detailed
results for smokers and nonsmokers separately. The
differences within these studies were generally small
and were not consistent across the studies, suggesting
no important modification of coffee effect by smoking.

Discussion
The above analysis does not indicate reasons for the
conflicts among the results of the case-control studies,
the later cohort studies, and the early cohort studies
(a conflict that persists even if no preliminary correc-
tions are made to the study coefficients). It has been
suggested that the case-control studies have exhibited
higher estimates because of poorer control of con-
founding, selection bias, or recall bias.**® Most of the
available evidence does not support these suggestions.
For example, some case-control studies used only myo-
cardial infarction survivors as cases, leading to sugges-
tions that the apparent association is due to coffee use
improving myocardial infarction survival. This expla-
nation conflicts with the fact that survivor-based stud-
ies do not yield higher associations than the positive
cohort studies and that coffee does not appear protec-
tive for coronary mortality.’®

The evidence also conflicts with the hypothesis that
confounding is solely responsible for the higher case-
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control estimates: control of confounding tended to
be poorer in earlier than later cohort studies (for
example, no diet variables were controlled in the earlier
studies), yet the later studies have tended to give higher
estimates, and several of these®'®'"*! are higher than
most of the case-control estimates.

Biased selection of controls has also been suggested
as a source of the positive results in the early case-
control studies, and external data have been presented
to support this view.”'> Nevertheless, alteration of
control composition or selection within studies has
not changed the case-control results in any important
fashion,”* and Table 1 reveals no evidence of unusu-
ally low coffee use among the controls in the case-
control studies relative to the cohorts. With regard to
possible recall bias among case-control results, the
Hennekens et al study’® was based on recall by wives
of coronary death cases, rather than recall by myocar-
dial infarction survivors (as in all of the other case-
control studies). Interestingly, this study gave one of
the lowest case-control estimates. Nevertheless, one
may doubt whether recall by the wife of a coronary
death victim would be less biased than recall of an
infarction survivor. Furthermore, unlike the cohort
studies, later case-control studies do not tend to show
higher estimates than the earliest case-control studies,
despite media® identification of coffee as a potential
hazard in the wake of the earliest studies (and thus
greater potential for recall bias in the ensuing studies).

One-half of the cohort studies have yielded relative
risks for 5 cups per dav of 1.3-1.5, entirely within the
range of estimates obtained from case-control studies.
Nevertheless, the general tendency of cohort studies
to produce lower estimates than case-control studies is
compatible with the hypothesis that coffee has an acute
effect (perhaps in addition to a chronic effect due, for
example, to effects on serum cholesterol). Resolution
of this issue could be provided by cohort studies that
analyze the association between measurement lag (time
between measurement and outcome) and the relative
risk for coffee effect: if the acute effect hypothesis is
correct, the lag-relative risk association within each
cohort should be negative (note that this is a prediction
about the statistical interaction of time of measurement
and magnitude of measurement within cohorts).

At least four cohort studies have published data
bearing on the acute effect hypothesis. In the study by
La Croix et al,*! coffee consumption and other possible
risk factors (including smoking) were ascertained at 5-
year intervals. Because of the small number of cases
(only 37 in the multivariate analysis), results were
imprecise. Nevertheless, results were consistent with
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the acute effect hypothesis: the adjusted relative risk
for the effect of =5 cups per day vs none increased
from 1.8 (95% confidence limits 0.8, 4.0) at baseline to
2.5 (95% confidence limits 1.1, 5.8) when using the
measurement nearest the outcome. In proportionate
terms, this change is similar to the discrepancy between
the karly cohort and case-control results. In the study
by Klatsky et al,* relative risks were examined sepa-
rately for myocardial infarction within 3 years of base-
line measurement and for 3 or more years after base-
line. Again, the results were consistent with the acute
effect hypothesis: the adjusted relative risk for =4 cups
per day vs none increased from 1.2 (95% limits 0.9,
1.7) for events 3 or more years after baseline, to 1.7
(95% limits 1.1, 2.4) for events within 3 years of
baseline. Finally, in the study by Tverdal et al,® county-
specific relative risks were inversely correlated with
average time from interview to end of follow-up, also
consistent with the acute effect hypothesis.

In contrast to these studies, Grobbee et al® found
no association of total coffee use with any cardiovas-
cular endpoint, despite the fact that coffee measure-
ments were taken much nearer the outcome events
than in other cohort studies. In a case study of coffee
consumption patterns in myocardial infarction patients
during the 26 hours before infarction, Mittleman et al
(Mittleman M, Maclure M, Sherwood ], Goldberg R,
Tofler G, Muller JE, unpublished) found no association
of consumption patterns with onset of infarction (al-
though there were few heavy coffee drinkers in this
study). Finally, the follow-up time coefficient in the
present meta-analysis did not show the negative sign
one would expect if the acute effect hypothesis were
true. Thus, the evidence regarding the hypothesis is
inconsistent.

Particularly puzzling are the differences among the
cohort studies. These differences can be “explained”
(in the statistical sense) by the publication year variable,
but the latter variable has no obvious biologic or
epidemiologic meaning. One possibility is that the
degree of confounding in the cohort study estimates
has changed over time. For example, secular trends in
cigarette consumption could alter the degree of resid-
ual confounding by smoking, especially if the trends
differed by coffee use. Another possibility is that the
heterogeneity is primarily due to variations in the
degree of nondifferential misclassification of coffee use.
This hypothesis fits with the fact that the coffee ques-
tions used in some early studies were relatively crude
(only dichotomies in Klatsky et al*® and Heyden et
al*®). Nevertheless, even if one considers only the later
cohort studies, one still sees considerable conflict, and

371



GREENLAND

naive combination of results into a single summary
estimate is improper.

Under certain assumptions, severe publication bias
could explain the observed heterogeneity among the
cohort studies. If results showing weak positive asso-
ciations are much more likely to go unpublished than
null or strongly positive results (perhaps because their
results appear ambiguous), the pattern seen in Table 1
could result if all of the underlying effects were weakly
positive. For example, suppose there were 12 additional
cohort studies with coefficients of 30, 40, and 50 per
1,000 (four studies at each value) and standard errors
of 25 per 1,000. When averaged with the rest of the
cohort studies, the cohort studies would yield a ho-
mogeneity P-value of 0.06 and a geometric mean rate
ratio of 1.2 with 95% limits of 1.1, 1.3. Such compu-
tations show that, in order for publication bias to
explain the heterogeneity, nearly half of all cohort
studies of coffee and heart disease must be unpub-
lished, and all of these unpublished studies must fall
in a narrow, weakly positive range.

One possibility is that heterogeneity among the
cohort results is due to differences in the outcome
variables used in the studies (for example, myocardial
infarction, coronary death). Unfortunately, as may be
apparent from Table 1 and confirmed by further
regressions, the differences in outcome variables as
summarized in Table 1 do not account for the heter-
ogeneity.

Setting aside the conflicts among the studies, one
may note that all except two relatively imprecise esti-
mates of the 5-cup relative risk®* fall around 1.5 or
less. Using the arguments given by Cornfield et al,>’ it
is not difficult to show that small relative risks could
arise from combined residual confounding by such
factors as exercise, diet, and smoking (in the best
studies, only gross summaries of smoking history, such
as cigarettes per day, were controlled). On the other
hand, there are many plausible routes for small coffee
effects on heart disease. Possible coffee effects on
serum lipids and blood pressure provide mechanisms
for chronic effects on coronary disease.'*'* Although
the lipid effects appear most strongly associated with
consumption of boiled coffee, which is uncommon in
the U.S., the coffee effects on calcium balance® would
provide another pathway for chronic effects if calcium
is preventive for coronary disease, as has been hypoth-
esized. Possible coffee effects on cardiac arrhythmias®®
may suggest mechanisms for acute coffee effects on
coronary death.

Assuming a coffee effect on the order of a 5% rate
increase per cup per day (the mean effect in larer
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cohort studies) would imply a considerable number of
myocardial infarctions attributable to coffee use, given
the frequencies of heavy coffee use and of myocardial
infarction. Under an exponential dose-response as-
sumption, it would also imply a 65% rate increase
among persons drinking =10 cups per day. Further
cohort studies of coffee and cardiovascular disease
would thus be worthwhile, provided that they obtain
longitudinal measurements of coffee (separately for
caffeinated and decaffeinated), serum lipids, and blood
pressure and analyze them in a manner that accounts
for the possible intermediate nature of cholesterol and
blood pressure.*®

The present meta-analysis will inevitably be con-
trasted with that of Myers and Basinski,”” who reported
point estimates of 1.01 and 1.09 for 4-6 and 6 cups per
day (95% limits of 0.93, 1.11 and 0.97, 1.22). In my
opinion, the latter analysis was improperly conducted
and interpreted. Perhaps the most severe problem of
the Myers and Basinski analysis is that it combined the
cohort studies into a single, summary estimate, without
even a random effect to account for the heterogeneity.
Such a procedure underestimates the standard error
and produces invalidly narrow confidence limits. Also,
Myers and Basinski summarized individual study re-
sults via “vote counting,” which is especially misleading
when small associations are present (for then most
studies will be “negative” by the statistical significance
criterion used by Myers and Basinski).'”® Both prob-
lems encourage the conclusion preferred by Myers and
Basinski, that coffee and heart disease have no associ-
ation. Their conclusion appears to be based on the fact
that the confidence intervals from their analysis in-
clude 1, but it ignores the fact that their results are
also compatible with small positive relative risks.

A technical source of disparity is the fact that the
current analysis is based on combining coefficients
taken from the individual studies, whereas Myers and
Basinski®’ entered tabulated data reported by each
study into a single logistic regression. The two ap-
proaches will not be equivalent unless confounding is
absent from all studies and the true dose-response
relations are homogeneously logistic. Neither assump-
tion can be exactly true, and the first is verv doubtful.
I would argue that the adjusted coefficient reported by
a study represents a less confounded source of infor-
mation than the summary tabular data, since only the
former is adjusted for age, smoking, and other co-
variates entered into the regression.

Perhaps the most serious source of conflict between
the present analysis and that of Myers and Basinski is
the choice of studies to include. I chose to use the
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earlier’® rather than later”> Framingham data, because
the former allowed detailed age adjustment and used a
more specific outcome. Since both studies yielded
near-null estimates, this choice probably made little
difference. Myers and Basinski excluded the very pos-
itive findings of the Adventist study''*? because the
latter could not be incorporated into the logistic regres-
sion used by Myers and Basinski, whereas the present
analysis excluded the null findings of Martin et al,®
because no coffee-myocardial infarction coefficient
could be reliably estimated from the published report.
Inclusion of both cohorts in the same analysis would
only further increase the already strong appearance of
heterogeneity among the cohort studies.

Finally, Myers and Basinski summarily excluded all
case-control data, without evaluating whether biases
were actually present in such data. I do not think the
case-control studies should be ignored unless the biases
hypothesized for these studies have been shown to be
responsible for their results.
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