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Abstract

The definition of disease is central to the practice of medicine and
to public health policy. Practice guidelines set standards for disease
identification and treatment. Quality care is often defined as ad-
herence to these guidelines. Over the past few years, the diagnostic
thresholds for several common medical conditions have been low-
ered, resulting in a substantial expansion in the market for health
care. The most recent guidelines for high blood pressure, high
cholesterol, and impaired fasting glucose each define a high percent-
age of the adult population as in need of regular medical attention.
Under the latest proposed thresholds, virtually the entire adult pop-
ulation qualifies for a chronic condition diagnosis. We evaluate the
health and financial outcomes associated with changes in diagnostic
thresholds for the prevention of three risk factors for cardiovascu-
lar disease and stroke: blood pressure, serum cholesterol, and fasting
plasma glucose. Estimates of the numbers of people affected, the cost
implications, and the overall public health consequences are offered.
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INTRODUCTION

In 1992 Rose published The Strategy of Preven-
tive Medicine (71). Many consider the book to
be one of the mostimportant statements about
epidemiology and public health produced in
the twentieth century. Rose noted that there
is a systematic relationship between risk fac-
tors for coronary heart disease (CHD) and
poor health outcomes. For example, the rela-
tionship between systolic blood pressure and
both CHD and stroke moves systematically
upward with systolic blood pressures above
115 mm Hg (30, 38). Similarly, the Medi-
cal Research Foundation/British Heart Foun-
dation (MRC/BHF) heart protection study
demonstrated that lowering LDL cholesterol
using simvastatin (Zocor®) reduced the de-
velopment of vascular disease independent of
the initial levels of serum cholesterol (10).

Rose argued that only small portions of
cardiovascular events occur in those with
risk factor scores above typical therapeutic
thresholds. For example, in comparison to
those with a systolic blood pressure less than
120 mm Hg, only ~24% of the excess deaths
from stroke occur in patients with systolic
blood pressures higher than 160 mm/Hg (59).
The great majority of cases of CHD and
stroke occur in patients with risk factor scores
below the therapeutic threshold. According
to Rose (70), too much attention has been
devoted to case identification and treatment,
and not enough attention has been paid to
shifting the entire distribution of blood pres-
sure and cholesterol downward. A population-
based intervention that shifts the distribu-
tion of blood pressure toward the left will
have greater impact on population health than
will targeted screening (59). This argument
forms the basis for population-based preven-
tive medicine.

Rose argued that population-based pre-
ventive measures must meet several criteria.
First, they must be low cost. Second, they
must be minimally invasive. Any intervention
applied to an entire population must produce
as little pain and discomfort as possible. Rose
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urged the use of public health approaches to
the management of CHD risk factors. He did
not argue for changing the diagnostic thresh-
old for treating disease, nor did he advo-
cate for the use of high-cost pharmaceutical
products (71). Nevertheless, Rose’s arguments
have been used to justify more aggressive
treatment of CHD risk factors using expen-
sive pharmaceutical interventions (5, 49). In
the following section, we consider the ratio-
nale for changing thresholds for the initiation
of treatment.

CHANGING DISEASE
DEFINITIONS

Over the past few years, the diagnostic thresh-
olds for several common medical conditions
have been lowered, resulting in a substan-
tial expansion in the market for health care
(36, 53). For example, the most recent guide-
lines for high cholesterol (32) and high blood
pressure (21) each define most of the older
adult population as in need of regular medi-
cal attention. One analysis published in 1999
suggested that three quarters of the adult pop-
ulation now qualify for a chronic disease di-
agnosis (73). In the past few years, proposals
have emerged to lower disease thresholds even
further. Under the latest proposed thresholds,
virtually the entire adult population qualifies
for a chronic condition diagnosis (42).

The purpose of this chapter is to eval-
uate what is known about the health and
financial outcomes associated with changes
in diagnostic thresholds for the prevention
of cardiovascular disease and stroke. Bene-
fits include increased life expectancy and im-
proved quality of life associated with early
detection. They also include dollar savings
leading to other spending opportunities and
improved health outcome. Harms include
consequences of treatment resulting from side
effects and the potentially damaging effects of
labeling. Financial harms could include dol-
lars spent, reducing opportunities to invest
in other programs that might have a greater
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potential to enhance public health. To evalu-
ate these issues, we consider three case studies:
blood pressure, serum cholesterol, and fasting
plasma glucose.

EXAMPLE 1:
PRE-HYPERTENSION

Hypertension is a major public health prob-
lem. According to a variety of data sets, ~24%
of the adult population have prevalent hyper-
tension under the current definition as systolic
blood pressure (SBP) > 140 or diastolic blood
pressure (DBP) > 90 mm Hg (16). Using pop-
ulation surveys, the proportion of the pop-
ulation with hypertension has remained sta-
ble over the past 40 years. Between 1970 and
2000, the proportion of the population aware
that they had hypertension, treated for high
blood pressure, and with blood pressure con-
trolled systematically increased (89). Chang-
ing the diagnostic threshold for hypertension
from 160/95 to 140/90 approximately dou-
bled the number of cases (82).

The National Heart Lung and Blood Insti-
tute (NHLBI) has administered the National
High Blood Pressure Education Program
(NHBPEP) for more than three decades. In
May 2003, the commission released its sev-
enth national report, known as Joint National
Committee (JNC) VII (21). Successive JNC
reports have pushed for lower diagnostic
thresholds for high blood pressure. JNC VI
defined high-normal blood pressure as SBP =
130-139 mm Hg and DBP = 85-89 mm Hg.
JNC VII goes a step further by defining a new
condition known as prehypertension. Indi-
viduals in this category have a SBP of 120-139
mm Hg or a DBP of 80-89 mm Hg (21).

On the surface, the rationale for creating
the new category of prehypertension is com-
pelling. Epidemiologic studies of adults be-
tween the ages of 40 and 70 years suggest that
each increase in SBP of 20 mm Hg and each
increase in DBP of 10 mm Hg results in a dou-
bling of cardiovasular disease (CVD) risk, ex-
cept for those with blood pressures lower than
115/75 mm Hg (51). The report argued that

management of blood pressure using medica-
tion results in 40% reduction in the incidence
of stroke, a 25% reduction in the incidence
of myocardial infarction (MI), and a 50% re-
duction in the incidence of heart failure (64).
However, large clinical trials have not shown
benefits for lowering high-normal to optimal
blood pressure.

The rationale for the JNC VII definition
of prehypertension was that people with mod-
erately high blood pressure are at increased
risk for heart attack and stroke just as those
with very high blood pressure are. The most
important piece of evidence supporting the
rationale came from the Prospective Studies
Collaborative. This group performed a meta-
analysis of 61 studies involving more than
one million adults. The results of the meta-
analysis are summarized in Figure 1. The
graph shows the relationship between SBP
and stroke and the relationship between DBP
and stroke. The four lines on the left and
right of the figure are for different age groups.
There appears to be a linear relationship be-
tween blood pressure and stroke. Concern-
ing DBP, for example, the benefit one gains
from reducing blood pressure by 5 mm Hg is
the same for people whose initial values are
very high, for example, higher than 100 mm
Hg, and for those who are initially low, for
instance, 75 mm Hg.

Although the Prospective Studies Collab-
orative suggests a linear relationship between
blood pressure and stoke, it is important to
examine Figure 1 in more detail. Two fea-
tures are important. First, values closer to nor-
mal (i.e., DBP 70 mm Hg) are actually above
the diagonal. The Prospective Collaborative
investigators simply decided to ignore these
points in their curve-fitting exercise. The
most important feature of Figure 1 is that
the y-axis is a logarithmic rather than a linear
scale. The relationship between blood pres-
sure and stroke is approximately log-linear
rather than linear. Each point on the y-axis
is twice as large as the preceding point.

To gain a better understanding of the re-
lationships, we redrew the SBP portion of
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SBP: systolic blood
pressure

DBP: diastolic
blood pressure
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Blood pressure and the risk of stroke. From Reference 51. Reproduced by permission of the Lancet.
Figure 1. The revised graph is shown as relationship has been confirmed in a variety
Figure 2. The difference between the two  of populations, including studies in Asia (50).
graphs is that our figure uses ordinary units  In other words, the probability of stroke is not
on the y-axis. The most striking feature in the  linearly related to blood pressure. In fact, the
redrawn graph is that the inflection point is  previous thresholds for initiation of treatment
at about 90 mm Hg, at which the probabil-  at 140 mm Hg for SBP or 90 mm Hg for DBP
ity of stroke rises more steeply. The relation-  appear to have a clear rationale.
ships are quite similar for SBP (not shown). We fit third-degree polynomials to the
For the lower age groups, the relationship  curves and estimated the differences in ab-
between SBP and stroke is quite flat up to  solute risk of stroke mortality in 5-10-year
~140 mm Hg. These results are consistent intervals on the basis of these data. The fits
with most articles previously published in  for the polynomials were excellent (all above
the literature. For example, Neaton & Went-  R? = 0.99). These fit polynomials are shown
worth (65) also found log-linear relationships  in Figure 2. A 50- to 59-year-old who lowers
between SBP/DBP and death from CHD us- DBP from 84 to 79 reduces his risk of stroke
ing data from 316,099 white male participants  from 0.0026 to 0.0021 (about 5 chances per
in the Multiple Risk Factor Intervention Trial. ~ 10,000). However, a person the same age who
The MRC trial in mild hypertension showed reduces DBP from 110 to 105 experiences a
threshold values for both coronary event and  risk change from 0.0084 to 0.0066 (about 2
stroke at ~150 mm Hg (61). This log-linear  chances per 1000). The benefit for those who
324  Kaplan ¢ Ong
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start at high risk is much larger. The goal of
therapy is to normalize blood pressure. An
80- to 89-year-old who reduces DBP from 85
to 79 experiences a risk reduction for stroke
from 0.0091 to 0.0081. However, the 80- to
89-year-old who normalizes DBP to 79 mm
Hg from a starting point of 110 experiences
a risk reduction from 0.0696 to 0.0081 (more
than eightfold). Benefits of therapy are much
stronger for those who begin at higher risk.
Another concern about the treatment of
people with mild-spectrum hypertension is
that few clinical trials have evaluated people
who have prehypertension but do not have
other risk factors. Table 1 summarizes a sam-
pling of studies that have often been cited as
supporting aggressive management of blood
pressure. The few studies thatincluded partic-
ipants with relatively normal blood pressure
focused on patients with other CHD risk fac-
tors, including established coronary disease,
diabetes mellitus, and renal disease. There are
few studies of people in the prehypertensive
range who do not exhibit other risk factors.
The one exception is the Trial of Prevent-

ing Hypertension (TROPHY) (40). In this

95 100 105 110

trial, 409 adults with SBP between 130 and
139 mm Hg and DBP < 89 or DBP between
85 and 89 mm Hg and SBP < 139 mm Hg
were randomly assigned to an angiotensin-
receptor blocker (ARB) or to a placebo. The
placebo group was significantly more likely to
progress to hypertension and to experience se-
rious adverse events over the next four years.

HOW MANY PEOPLE WILL BE
AFFECTED BY THE NEW
GUIDELINES?

Using simulation techniques, we estimated
the impact of lowering diagnostic thresholds
upon population health status. A variety of
assumptions were used to create these mod-
els. First, the population distribution of blood
pressure was estimated using data from the
Third National Health and Nutrition Exami-
nation Survey (NHANES III). NHANES IIT
was conducted between 1999 and 2002 by
the National Center for Health Statistics of
the Centers for Disease Control and Preven-
tion (CDC). The purpose of the survey was
to evaluate the health and nutritional status of
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Figure 2

Redraw of the
relationship between
diastolic blood
pressure and
probability of stroke
mortality using
natural units on the
Y axis. For each age
group the second
curve was fit using a
third-degree
polynomial.
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Table 1 Characteristics of participants in selected studies of hypertension treatment

Blood pressure at

Study Sample size Predominate risk factor baseline

Hypertension Detection and 10,940 Hypertensive, but not on medication All DBPs >90 and
Follow-up Program (3) <104 mm Hg

Prospective Randomized Evaluation 825 History of CV complications 129/79 mm Hg (34%
of the Prospective Ransomized measured while on
Evaluation of the Vascular Effects of medication)
Norvasc Trial (PRE-VENT)(17)

African American Study of Kidney 1094 (all African | 1094 hypertensive renal disease 150/95 mm Hg

Disease and Hypertension
(AASK)(90)

American ages
18-70

Irbesartan Diabetic Nephropathy 9193 Hypertensive patients with nephropathy | 174/98 mm Hg
Trial LIFE(52) due to type 2 diabetes

Appropriate Blood Pressure Control 480 All subjects had diabetes mellitus 136/84 mm Hg
in Diabetes Trial (ABCD)(26)

Diabetes, hypertension, 4912 All subjects had diabetes mellitus 146/83 mm Hg

microalbuminuria or proteinuria,
cardiovascular events, and ramipril

(DIABHYCAR)(S5, 60)

Hypertension in the Very Elderly 1283 (all elderly) | Previous hypertension 181/100
Trial (HYVET)(15)
The Irbesartan Type II Diabetic 1715 All subjects had diabetes mellitus and 159/87
Nephropathy Trial IDNT2)(68, 69) renal disease
NIsoldipine in COronary artery 819 All subjects had established coronary 129/78
disease in LEuven (NICOLE)(24) disease and underwent PTCA
Treatment of Mild Hypertension 844 All subjects had mild hypertension, 140/91
Study (TOMHS) (54) defined as DBP 90-99 mm Hg without
medication or 85-99 mm Hg if using
medications
Trial of Preventing Hypertension 772 56% had total cholesterol values >200 134/84

(TROPHY)(40)

mg/dl, 38% had triglycerides 150 mg/dl
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the civilian noninstitutionalized population of
the United States. The study uses a national
sample of ~34,000 people 2 months of age
or older. In addition to household interviews,
73% of the sample had blood drawn and un-
derwent physical examination. Our analysis
focused on ~20,000 men and women aged
17 years or older for whom physical exami-
nation data were available.

Figure 3 shows the distribution of SBP in
the U.S. population. This distribution is rela-
tively normal. We estimated that ~4% of the
population is in the highest risk category with
SBP greater than 160 mm Hg. About 14% of
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participants had SBPgreater than 140 mm Hg.
However, using the new definition of prehy-
pertension, nearly 60% qualify for a diagnosis.
Furthermore, this number goes up systemat-
ically with age. Using either current medi-
cation user, SBP > 120 mm Hg, or DBP >
80 mm Hg, more than 90% of those older
than 65 have hypertension or prehyperten-
sion. These analyses are consistent with Wang
& Wang (87) who independently reported
that 58.2% of the total adult population is el-
igible for a diagnosis of prehypertension or
hypertension and 88.3% of those older than
60 may fall into this category.
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Distribution of systolic blood pressure from NHANES III.

HOW MANY WILL PROGRESS
TO CARDIOVASCULAR
DISEASE?

Progression from prehypertension to actual
hypertension has been investigated in the
Framingham cohort for different age groups
(35-64 and 65-94) (83). After adjusting for
sex, age, body-mass index, baseline examina-
tions, and baseline SBP and DBP, individuals
with SBP between 130 to 139 or DBP be-
tween 85 to 89 progressed to hypertension af-
ter 4 yearsin 37.3% of those aged 35 to 64 and
49.5% of those aged 65 to 94. Individuals with
SBP between 120 to 129 or SBP between 80
to 84 progressed to hypertension after 4 years
in 17.6% of those aged 35 to 64 and 25.5% of
those aged 65 to 94. Of note, 20% to 30% of
individuals with blood pressure in the prehy-
pertension range spontaneously reduced their
blood pressure to normal.

It is interesting to consider the results of
the TROPHY clinical trial in light of these
observational data. In the TROPHY trial, the
rate of progression from prehypertension to
hypertension was significantly higher in the
placebo group (63 %) than would be expected

on the basis of observational data. The rate
of progression in the treated group (53%)
is closer to what observational studies would
suggest (40).

Hypertension leads to increased risk of
stroke and CHD. MacMahon and colleagues
pooled the results from seven observational
studies with stroke outcomes and nine obser-
vational studies on CHD outcomes in hyper-
tensive patients. The relative risk of stroke
began to increase systematically with DBP ex-
ceeding 91 mm Hg. Those at 105 mm Hg
were nearly 3.5 times more likely to experi-
ence stroke than were those at 90 mm Hg or
lower. Similarly, the risks for CHD increased
to more than 2.0 for those with DBP of
105 mm Hg or higher (58).

Whereas the Joint National Commission
on high blood pressure noted that aggressive
treatment of high blood pressure coincided
with significant declines in stroke between
1960 and 1990 (4), the evidence about the ef-
fectiveness of aggressive management of high
blood pressure is not so clear. For example,
the decrease in strokes exceeds what would be
expected given studies on the effects of blood
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pressure control. One analysis pooled results
from nine clinical trials and noted that a 5.6-
mm-Hg decrease in DBP was associated with
a 38% decrease in stroke. Between 1970 and
1980 there was a ~1 mm Hg/year decline in
DBP, which should have resulted in an ~18%
decrease in stroke. However, the actual ob-
served decline was 43 % (48). The Minnesota
Heart Study showed significant annual de-
clines in stroke over the course of time, but the
decline in stroke was uncorrelated with hy-
pertension in their population (57). Ivanovic
and colleagues (39) used insurance records to
compare policy holders who had equivalent
blood pressure but were either treated or not
treated for hypertension. Those treated for
hypertension were significantly more likely to
die during the following 5.2 years (39). It re-
mains unclear whether the decline in stroke is
associated with better control of blood pres-
sure. Other public health measures may be
responsible for the decline. For example, the
decline in stroke coincides with the precip-
itous decline in tobacco use in most U.S.
states. Several studies have shown a decline in
stroke risk as a function of smoking cessation
(45, 88).

In summary, changes in the diagnostic
threshold for high blood pressure have led to
the identification of at least 13 million new
cases. The new category of prehypertension
in addition to hypertension will include up
to 60% of the population and 90% of adults
60 years of age or older. The consequences
of high blood pressure, including stroke and
CHD, have been systematically declining, and
the changes in diagnostic thresholds have re-
sulted in better population health. However,
the observed decline in stroke and CHD has
been much more rapid than would be expected
from changes in blood pressure.

EXAMPLE 2: HIGH SERUM
CHOLESTEROL

Following the Coronary Primary Preven-
tion Trial (2) the national cholesterol ed-
ucation program argued for the aggressive
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management of elevated serum cholesterol.
The arguments in favor of population-based
cholesterol lowering are multiple. Perhaps
the two most persuasive arguments come
from the Multiple Risk Factor Intervention
Trial (MRFIT) (79) and the British Medical
Research Council/British Heart Foundation
Heart Protection Study (10). The MRFIT
study demonstrated that the relationship be-
tween total cholesterol and death from CHD
was systematic and independent of the origi-
nal level. Reducing total cholesterol from 300
to 280 mg/dl, for example, provided the same
percentage reduction in death from coronary
disease as would be afforded someone reduc-
ing total cholesterol from 220 to 200 mg/dl
(79). Ironically, the MRFIT study was an in-
tervention trial that failed to demonstrate a
benefit for intervening on risk factors (1).

The Coronary Primary Prevention Trial
(CPPT) used cholestyramine to reduce ele-
vated serum cholesterol for men at risk for
coronary disease. Over the next decade, a
significant controversy about the benefits of
cholesterol lowering ensued. Meta-analysis
consistently showed benefits for reduction in
deaths from heart disease but no benefit for
total mortality (62, 63). Furthermore, some
investigators were concerned that reductions
in deaths from heart disease were compen-
sated for by increases in deaths from other
causes (31).

The introduction of the HMG-CoA
reductase inhibitors or statin medications
helped silence this controversy. Studies in-
volving statins tended to show reductions
in both deaths from heart disease and to-
tal mortality (19, 25). Nevertheless, some
controversy remained. The MRC/BSF Heart
Protection study was particularly important
because it was large ( = 20,536) and ran-
domized (10). Perhaps the most interesting
finding was that simvastatin was given to a
wide range of individuals at risk for coro-
nary disease. There was a benefit in terms
of CHD mortality irrespective of the initial
cholesterol concentrations. Consumption of
40 mg of simvastatin daily was associated with
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the reductions in MI, stroke, and the num-
ber of the revascularization procedures. The
study has been interpreted as suggesting the
need for greater use of statin drugs in the pop-
ulation (10). However, whereas the relative
risk reduction afforded by the statins appears
fairly constant over all risk groups, the abso-
lute risk reduction is much smaller in those
at lower risk. Furthermore, some have ques-
tioned the value of statins for low-risk women
(86). Walsh & Pignone performed a meta-
analysis of six trials of lipid lowering. The tri-
als included 11,435 women without CVD. In
these trials, lipid lowering did not reduce ei-
ther CHD or total mortality. Among nearly
2400 women randomly assigned to take statins
or placebos in secondary prevention trials,
there were 102 deaths among women taking
the active drug and 103 deaths among women
taking the placebo (86). Thus, little evidence
indicates that statins reduce total mortality
in women. The rationale for statin therapy
in older adults has also been challenged. For
example, Packard and colleagues noted that
low-density lipoprotein (LDL) cholesterol is
a good predictor of neither outcome nor re-
sponse to therapy in adults older than age 70.
HDL cholesterol or the ratio of total to HDL
may offer more information (23, 66).

ATP III

The third report of the National Cholesterol
Education Program (NCEP) expert panel on
detection, evaluation, and treatment of high
cholesterol in adults (ATP III) (7) is the cur-
rent standard for cholesterol screening and
treatment. ATP I is the third step in an evo-
lutional process and follows two previous sets
of guidelines. The first report (ATP I) out-
lined the strategy for the prevention of heart
disease for adults with LDL >160mg/dl and

tion. Departing from previous recommenda-
tions, ATP III identified LDL cholesterol lev-
els between 130-159 mg/dl as borderline high
and total cholesterol levels between 200 and
239 mg/dl as borderline high for otherwise
low-risk individuals.

The ATP IIT argues that a linear relation-
ship exists between the LDL cholesterol and
the chances of MI or death (see Figure 4). The
argument is that those who lower their LDL
cholesterol from 170 to 160 gain about the
same amount as those who lower their LDL
cholesterol from 110 to 100. However, the
y-axis on the graph is in logarithmic rather
than regular units. As with blood pressure,
the relationship between risk factor and out-
come is not linear. It is log-linear. In addition,
Figure 4 disguises some of the relationship
by excluding the small groups of the popu-
lation with very low or very high LDL lev-
els. Figure 5 redraws the relationship using
natural units on the y-axis and the full range of
LDL values reported in the NHANES survey
along the X-axis. Those who start with lower
levels of LDL cholesterol gain significantly
less than those who start with high levels of
LDL cholesterol.

ATP III recommends lifestyle interven-
tion for those with borderline high LDL
or total cholesterol but also acknowledges
that drug treatment may be appropriate for

3.7

Relative 2.9+
risk

for 2.2

coronary 1.7
heart

disease 1.31

(log scale) 1.04

for those with high cholesterol (LDL 130-159 I I T T T

mg/dl). The second report (ATP II) expanded 40 70 100 130 160 190
ATP I by discussing the intensive manage-
ment of LDL cholesterol for people who had
established heart disease. ATP III, published

LDL cholesterol (mg/dL)
Figure 4

in 2001, called for more intensive interven-  Figure 2 NCEP Revision July 2004.
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Figure 5

Relationship between LDL and CHD risk using natural unit.

those who fail lifestyle interventions. Direct-
to-consumer advertising sponsored by the
pharmaceutical industry suggests that most
patients fail dietary interventions and that pa-
tients should speak to their doctors about drug
therapy (see http://www.Lipitor.com).

The ATP III report discusses the cost-
effectiveness of treatment, recognizing that
drug therapy is expensive. However, it also
dismisses some cost concerns by suggesting
that drug prices are likely to decline in the
future. ATP IIT suggests that the threshold
for considering treatment is an LDL level of
130 mg/dl. Following the publication of
the Heart Protection study (22), the guide-
lines were revised to lower the threshold to
100 mg/dl (32, 34).

HOW MANY PEOPLE WILL BE
AFFECTED BY THE NEW
GUIDELINES?

Using data from the National Health and Nu-
trition Examination survey we reevaluated the
proportion of the adult population affected

Kaplan o Ong

by the change in guidelines. The distribu-
tion of LDL cholesterol in the U.S. popu-
lation, and for the U.S. population age 60
or older, is shown in Figure 6. The updated
ATP III guidelines suggest that optimal levels
of LDL cholesterol are below 70 mg/dl (32).
Considering the entire adult population in the
United States, only ~7% are at this level; 93 %
have levels that are higher. For adults older
than age 60, 97% have LDL values higher
than 70 mg/dl. The first threshold for clin-
ical concern is 100 mg/dl. According to the
analysis of the NHANES data, ~73% of the
adult population of the United States falls into
this category. According to our analysis of the
NHANES data, 84% of adults older than age
60 have LDL levels higher than 100, so 84 in
each 100 might need attention for cholesterol
management.

HOW MANY WILL PROGRESS
TO CVD?

Pharmaceutical advertising suggests statin
therapy for patients with mildly elevated LDL
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Figure 6

Distribution of LDL cholesterol for all participants and for those >60 years in NHANES.

cholesterol and without other risk factors.
However, statins have not been studied in
populations without risk factors. Table 2
summarizes the entry criteria in several of the
major recent clinical trials. These are the exact
trials used as the rationale for the recent revi-
sion of ATP III. The third column of the ta-
ble shows that none of these trials used adults
who did not have heart disease or did not have
established risk factors. We remain uncertain
about the benefits for lowering cholesterol in
adults with relatively normal levels of LDL
cholesterol. These populations have not been
studied in lipid-lowering trials.

EXAMPLE 3: IMPAIRED FASTING
GLUCOSE

Among the many adjustments in disease
thresholds are recent changes in the definition
of diabetes mellitus (DM) and impaired fast-
ing glucose (IFG). The Expert Committee on

the Diagnosis and Classification of Diabetes
Mellitus recommended that the threshold for
diabetes be changed from a fasting plasma
glucose level of 140 mg/dl to 126 mg/dl (6).
With a simple change in disease definition, the
prevalence of diabetes increased 14%. More
recently, the Expert Committee on the Diag-
nosis and Classification of Diabetes Mellitus
recommended that the lower limit for IFG
be reduced from 110 mg/dl to 100 mg/dl (or
down to 5.6 mmol/l) (28).

The rationale for the recommendation was
the panel’s belief that metabolic and clinical
complications of hyperglycemia rise sharply
for those above the 100 mg/dl level. However,
the committee noted that very little evidence
indicated that cardiovascular risk factors and
all-cause mortality increase with IFG. They
also noted that some studies did not support
lowering the threshold (8, 35). As part of their
discussion, the group noted that lowering the
threshold to 100 mg/dl would significantly
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Table 2 Entry criteria in trials used as the basis for the ATP-III revised guidelines

Study

Population

Entry criteria

Heart Protection Study(10)

20,536 adults, ages 40-80 in
United Kingdom

Coronary disease, other occlusive
artery disease, or diabetes

Prospective Study of Pravastatin in the
Elderly at Risk (PROSPER)(76)

5804 adults, ages, 70-82

History of heart disease or CVD risk
factors

Antihypertensive and Lipid-Lowering
Treatment to Prevent Heart Attack

10,355 adults 55 years or older

LDL levels between 120 and
189 mg/dl and triglycerides

(ALLHAT)(9) <350 mg/dl
Anglo-Scandinavian Cardiac Outcomes 19,342 patients ages 40-79 years All had hypertension and at least 3
Trial-Lipid Lowing Arm other CHD risk factors

(ASCOT-LLA)(74)

Pravastatin or Atorvastatin Evaluation and
Infection-Thrombolysis in Myocardial
Infarction 22 (PROVE IT)(18)

4162 patients from Australia, Canada,
France, Germany, Italy, Spain, the
United Kingdom, or the United States

All participants had been hospitalized
for acute coronary syndrome within
10 days prior to randomization
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increase the number of patients with a diag-
nosticlabel. The committee felt this was desir-
able because it would bring medical attention
to more individuals. The committee argued
that population studies from Mauritius (75)
and from the Pima Indians (27) supported the
lower threshold. The only American popula-
tion considered was the San Antonio Heart
Study population, which had a high ad-mix of
Native Americans (56). In making their rec-
ommendation, the committee acknowledged
that risks associated with IFG were not con-
sistently documented and that the few stud-
ies identifying the risks tended to use pop-
ulations that were not representative of the
general U.S. population.

HOW MANY PEOPLE WILL BE
AFFECTED BY THE NEW
GUIDELINES?

Our preliminary analysis suggests that 37% of
the U.S. population 50 years of age or older
would have IFG or DM under the new defi-
nition. Using data from the National Health
and Nutrition and Examination Survey, it ap-
pears that ~9 million adults in America would
qualify for a diagnosis of IFG or diabetes
if the definition was fasting plasma glucose
(FPG) >110 <126. Lowering the threshold to
100 mg/dl would increase the number of in-

Kaplan o Ong

dividuals deemed eligible for treatment by 24
million people to about 33 million cases of
IFG. This represents a 166% increase in the
number of people eligible for a diagnosis.

DOES IFG INCREASE THE RISK
OF DIABETES OR DIABETIC
COMPLICATIONS?

The American Diabetes Association (ADA)
suggests that impaired fasting glucose or “pre-
diabetes” is the pathway to full diabetes.
Furthermore, they urge the general popu-
lation to be tested because elevated blood
glucose may result in diabetic complications.
The recommendation was based on the as-
sumption that those with IFG are at risk for
transition to DM and the complications of
impaired glucose metabolism. But what do
we know about the long-term consequences
of minor elevations in blood glucose? With
colleagues at the University of California,
San Diego, we evaluated the benefit of the
new definition of IFG. In 1972-1974, 82%
of an upper-middle-class white community
(Rancho Bernardo, California) were screened
for heart disease risk factors as part of the
Lipid Research Clinic Prevalence Program.
The average age at baseline was 49.9 years. A
follow-up visit of this cohort was conducted
20 years later and included ~75% of the
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surviving Rancho Bernardo cohort (n =
1781). Among these, 1494 subjects had valid
plasma glucose values for both visits (n =
1494).

FPG levels were measured at both visits
and four categories of fasting plasma glucose
were created: nonimpaired (lower than 100
mg/dl), low IFG (100-110 mg/dl), IFG (111-
126 mg/dl), and diabetes mellitus (greater
than 126 mg/dl and/or diagnosed or taking
diabetic medications). Each participant was
placed in one of the four categories at the base-
line (1972-1974) and the follow-up (1992-
1996) visits. Diabetic complications were also
measured at the second visit. These included
kidney function and eye problems. A self-
report questionnaire was used to ask questions
relating to neuropathy including three cate-
gories: (#) numbness or tingling, (b) loss of
sensation in both hands or feet, and (¢) de-
creased ability to feel temperature by touch-
ing. For this analysis, a participant was scored
as having neuropathy if he or she reported
any one of the three symptoms. The ques-
tionnaire was also used to determine self-
reported use of prescription medications for
diabetes and whether a health professional
had told the respondent that he or she had
diabetes.

About 83% of those FPG values lower than
100 mg/dl at baseline maintained FPG values
lower than 100 mg/dl over the next 20 years
and less than 3% progressed to diabetes. For
those with baseline FPG values between 100
and 110, transition to diabetes was similar
(4%). Chances of conversion to diabetes sig-
nificantly increased for those in the 111-126
range (7%) in comparison with the nonim-
paired (<100 mg/dl) (3%) but not the low
IFG (100-110 mg/dl) groups (4%). Twenty
years later, little evidence indicated that those
with FPG levels between 100 and 110 were at
elevated risk for diabetic complications, in-
cluding elevated urinary albumin/creatinine
ratios, retinopathy, and neuropathy (RM Ka-
plan, D Morton, DL Wingard, E Barrett-
Connor, submitted manuscript). Several other
studies are consistent with our analysis. A 6.8-

year follow-up of 2763 women with estab-
lished heart disease did not find a relation-
ship between the new definition of IFG (100-
110 mg/dl) and incident events of CHD,
stroke, TTA, or CHF (41).

From a public health perspective, cost
must also be considered. The committee sug-
gested, “We do not yet know the total benefit
or the total cost to an individual who is des-
ignated at risk for diabetes by either test, by
any criterion. The higher the ratio of bene-
fit to cost, the lower the optimum cut point
that should be selected.” The committee felt
that there was a cost advantage to lowering
the threshold because complications of di-
abetes could be prevented. They cited the
Diabetes Prevention Program (DPP) as ev-
idence (46). However, lowering the thresh-
old will mean that many people will be sub-
jected to treatment even though they have a
very low probability of complications. Fur-
thermore, the DPP did not study isolated
IFG; participants had to have IFG and im-
paired glucose tolerance.

Multiple studies have shown that lifestyle
modifications or pharmacotherapy can de-
lay or prevent the progression from impaired
glucose control (as measured either by im-
paired glucose tolerance or IFG) (14, 20, 46,
67, 81). Only one study, the Diabetes Pre-
vention Program (DPP) (46), has compared
lifestyle modifications and pharmacotherapy
together.

The DPP study enrolled individuals with
a FPG of 95 to 125 mg/dl and an oral glu-
cose tolerance test of 140 to 199 mg/dl,
which was considered elevated but did not
meet the threshold for diabetes by the 1997
ADA guidelines. The DPP study had three
arms that enrolled ~1000 patients each:
placebo, lifestyle intervention, and pharma-
cotherapy intervention (metformin), in which
the lifestyle intervention combined a healthy
low-calorie, low-fat diet with a physical ac-
tivity regimen of moderate intensity, such as
brisk walking, for at least 150 min per week.
The placebo rate of progression to diabetes in
the DPP study was 11 per 100 person-years,
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and both the lifestyle and pharmacotherapy
intervention (metformin) reduced progres-
sion to diabetes compared with placebo by
58% and 31%, respectively.

The DPP also included a cost/utility anal-
ysis. Quality of life was measured using the
Quality of Well-Being Scale (QWB) (44). The
measure was chosen because it can be used to
estimate quality-adjusted life years (QALYs)
(43). Over the course of three years, those
randomly assigned to the lifestyle interven-
tion accrued 0.050 more QALYs than did
those assigned a regular dose of metformin.
Among the three interventions, the lifestyle
approach was the most expensive (total cost
$27,065 in 2000 U.S. dollars). Metformin was
less expensive ($25,937), whereas the placebo
was the least expensive option ($23,525). Al-
though both interventions offer significant
benefits over placebo or doing nothing, the
cost/QALY for the lifestyle invention was sig-
nificantly lower than for metformin. In other
words, even though the lifestyle intervention
was more expensive, it offers significantly bet-
ter value for money.

In conclusion, we find little evidence that
FPG levels between 100 and 110 mg/dl are
strong predictors of transition to diabetes or
the development of diabetic complications.
These data contrast the recommendation of
the expert committee on the diagnosis and
classification of DM. The expert commit-
tee recognized that the selection of disease
thresholds is arbitrary. We believe that the
selection of disease thresholds requires con-
tinuing thoughtand evaluation. Furthermore,
given the benefits of diet and exercise for those
with prediabetes, we see little justification for
use of medication by those in the 100-110
mg/dl range.

HOW MANY PEOPLE HAVE AT
LEAST ONE OF THE THREE
LOW THRESHOLD
CONDITIONS?

Using data from the NHANES III we
estimated the percentage of the adult pop-
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ulation meeting the criteria for IFG, pre-
hypertension, or modestly elevated LDL
cholesterol (greater than 100 mg/dl). This
preliminary analysis concentrated on the 62
million Americans 50 years of age or older.
The results are summarized in Figure 7. Our
preliminary estimates suggest that 37% of
the population ages 50 or older have fast-
ing glucose levels greater than 100 mg/dl
Furthermore, nearly 60% of the popula-
tion has SBP greater than 120 mm Hg. For
LDL cholesterol, nearly three quarters of the
population (73%) have levels greater than
100 mg/dl.

Figure 7 also shows the percent of the
population with any one of these three condi-
tions. According to this preliminary analysis,
97% of American adults ages 50 or older have
one of the three conditions. The expanded
markets for health care will include virtually
the entire population of adults older than age
50. These changes in diagnostic thresholds are
likely to have profound impacts on the costs
of health care, and their effects on popula-
tion health have not been comprehensively
evaluated.

Because the effect of risk factors is multi-
plicative, some in the field may be concerned
that people with multiple borderline risk
factors may be at greater risk than those with
only one concern. An analysis conducted by
Vasan and colleagues (84) suggests that even
when accounting for multiple preconditions,
treating them will have only modest effects on
morbidity and mortality. The analysis consid-
ered three preconditions (prehypertension,
borderline high LDL cholesterol, and IFG)
plus borderline low HDL cholesterol and
previous smoking. Using this information,
the investigators calculated the proportion of
10-year CHD event rates, defined as either
myocardial infarction or coronary death from
these five risk factors using weights from
the Framingham Heart Study. The event
rates were then applied to the NHANES
III non-Hispanic white cohort between the
ages of 35 and 74 without a previous vascular
event and extrapolated to the U.S. population
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on the basis of the 2000 census. The analysis
suggested that of these, only 8% of CHD
events will occur in individuals with any com-
bination of these borderline conditions but
without any of the five actual conditions. This
number would be even lower if restricted to
prehypertension, borderline high LDL
cholesterol, and IFG; the two other risk
factors have high prevalence rates, with
borderline low HDL cholesterol seen in 50%
of men and 53% of women in NHANES-III,
and former smoking seen in 42% of men and
30% of women in NHANES-IIIL.

CONSEQUENCES

The greatly expanded market for health care
associated with these definition changes may
have important public health consequences.
In this section, we consider some of these
issues.

Labeling

Labeling adults with a “disease” is not with-
out consequence. In a classic study Haynes
and colleagues (37) screened for hypertension
in an industrial setting. Hypertension is usu-
ally considered to be a silent disease. Those
who were labeled as hypertensive had an in-
crease in absenteeism from work of more than
5 days per year. This amounted to nearly
an 80% increase in days missed from work.
The authors suggested that simply becoming
aware that a person had a diagnosis was a ma-
jor factor in absenteeism. Days missed from
work was attributed to the labeling because
the increases in absenteeism were observed
for those who were previously unaware of
their condition and happened independently
of whether the person started hypertensive
therapy (72). However, a variety of concerns
about the Haynes study have been noted. For
example, absenteeism may have increased be-
cause people were diagnosed at work and may
have attributed their high blood pressure to
work-related stress. More recent reviews have
downplayed the effect of labeling. Evidence
on the psychological consequences of label-

ing is less of a concern. A review of 10 co-
hort studies examined the adverse effects of
screening for hypertension and subsequently
labeling a person as hypertensive, and it found
fair-quality evidence suggesting that screen-
ing and labeling adults with hypertension pro-
duce no adverse effects on psychological well-

being (77).

Increased Health Care Utilization

Current recommendations suggest that these
new definition changes will lead to increased
health care utilization. The U.S. Preventive
Services Task Force (USPSTF) makes rec-
ommendations regarding screening visit fre-
quencies. The USPSTF has yet to update its
recommendations for people with high blood
pressure, high cholesterol, and IFG since the
change in these definitions. In the past, the
USPSTF recommendations for high blood
pressure and high cholesterol screening have
mirrored prior iterations of the JNC and ATP.
The USPSTF has previously stated there was
insufficient evidence to screen for diabetes
(USPSTF 2003).

JNC VII recommends that individuals
with prehypertension have their blood pres-
sure screened yearly for progression to hy-
pertension and recommends individuals with
“normal” blood pressures be screened every
two years. ATP III recommends reevaluating
individuals with borderline high cholesterol
levels (LDL 130-159) after one year and rec-
ommends individuals with “normal” choles-
terol levels be screened every five years. The
ADA recommends screening individuals over
the age of 45 with a FPG every three years and
more frequently for those with IFG (or im-
paired glucose tolerance). Adherence to these
recommendations for visit frequency will add
significant burdens to scheduling resources
if carried through given the huge numbers
of people who would meet these definition
changes. Assuming a cost of $50 for a physi-
cian visit, these recommendations would add
more than a billion dollars to current health
care expenditures.

www.annualreviews.org © New CHD Risk Factor Definitions

335



Annu. Rev. Public. Health. 2007.28:321-44. Downloaded from arjournals.annualreviews.org
by University of California- Los Angeles on 01/05/09. For persona use only.

336

Medication Prescriptions

The recommended treatment for prehyper-
tension, borderline high cholesterol, and IFG
is lifestyle and dietary changes. However, pre-
scription medication therapy will undoubt-
edly also occur. Compliance rates with recom-
mendations for lifestyle and dietary changes
are likely to be lower than those seen in clini-
cal trials (70%) (13). Individuals who are non-
adherent may be placed on medication ther-
apy despite lack of current recommendations
for such a strategy. In addition, individuals
prescribed medication may be less motivated
to change their lifestyles. We also estimated
the costs of these prescriptions. The costs are
based on actual wholesale prices (AWP). AWP
are often high estimates of costs because many
patients get prescriptions through the bulk
purchasing discounts of their insurers. We ex-
amined the AWP available from the 2004 Red
Book for all medications and selected the low-
est price for medications purchased in quan-
tities of 100.

The TROPHY study has demonstrated
that antihypertensives can be used as pharma-
cotherapy in prehypertensive individuals (40),
which may lead to prescriptions of the study
medication, candesartan, in prehypertensive
individuals. Most prehypertensive individuals
who are started on medication therapy will use
monotherapy (i.e., one medication) and will
likely have utilization patterns similar to hy-
pertensive patients using monotherapy. Data
from the 1999-2002 NHANES show that
among hypertensive patients using monother-
apy, more than 50% of patients use a calcium-
channel blocker (CCB) or an angiotensin-
converting enzyme (ACE) inhibitor, and only
one of ten uses diuretics, which are the recom-
mended vehicle by JNC VII guidelines for un-
complicated hypertension monotherapy (33).
Angiotensin receptor blockers, like candesar-
tan, are used as monotherapy by less than 4%
of hypertensive patients and are the furthest
away from patent expiration. For prehyper-
tension, the least expensive medication is hy-
drochlorothiazide. The one-year cost of this
medication is $9 (hydrochlorothiazide 25 mg
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tablets, assuming doses of 12.5 mg per day).
However, the one-year cost of candesartan,
one of the most expensive antihypertensives,
is $541. Systematic clinical trials have failed to
show that newer high-cost antihypertensives
are more effective than older, cheaper prod-
ucts (78). Recently, a review suggested that
the more expensive ARBs are not as effective
as cheaper ACE inhibitors in preventing car-
diovascular and all-cause deaths (80).

Prescriptions of lipid-lowering medica-
tions to low-risk individuals are highly preva-
lent. A medical record review of all outpatients
affiliated with the Brigham and Women’s
Hospital who were using statins for pri-
mary prevention of coronary artery disease on
January 1, 1996, showed that 32.6% were
individuals with fewer than two risk factors
that did not meet National Cholesterol Ed-
ucation Program (NCEP) criteria for statin
use (i.e., LDL cholesterol > 190 mg/dl) (12).
This group consisted of 47.5% of all indi-
viduals using statins for primary prevention
of coronary artery disease. Even after exclud-
ing those who did not receive any LDL test-
ing, 25.9% of statin users had fewer than
two risk factors and documented LDLs below
190 mg/dl. As this data predates the dec-
laration of LDL cholesterol levels of 130-
159 mg/dl as borderline-high, we expect that
such prescribing has increased since ATP
III. The most common cholesterol medica-
tions prescribed are HMG-CoA reductase in-
hibitors, commonly known as statins. Cur-
rently, some statins but not all have lost patent
protection. The most inexpensive one-year
cost of a generic statin prescription is $491
(lovastatin 10 mg tablets), whereas the most
expensive one-year cost of a statin still under
patent protection is $793 (atorvastatin 10 mg
tablets).

Public health approaches such as lifestyle
modification are typically preferred over
pharmaceutical interventions. Despite the su-
periority of the lifestyle intervention, there
has been concern that physicians will prefer
metformin over lifestyle intervention for pre-
venting progression to diabetes. This concern
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is grounded in part by the difficulty of get-
ting patients to adhere to lifestyle interven-
tions and the ease of prescribing compared
with teaching the lifestyle intervention. At the
closure of the DPP study, the adherence rate
to the lifestyle intervention (58%) was lower
than to the metformin or placebo interven-
tion (72% and 77 %, respectively). Metformin
makes up only about one third of all antidi-
abetic prescriptions (91), but it is commonly
used as oral monotherapy for people with dia-
betes. This recommendation, combined with
the findings from the DPP study, suggests that
those with prediabetes using pharmacother-
apy would likely use metformin. The medi-
cation regimen from the Diabetes Prevention
Program trial was metformin 850 mg tablets
twice a day. The one-year cost of this regimen
is $460.

Wald & Law (85) argued that CVD could
be lowered by 88% if the entire popula-
tion took a “polypill” composed of atorvas-
tatin (10 mg), three blood pressure medica-
tions, folic acid (.8 mg), and aspirin (75 mg).
The recommendations were based on a meta-
analysis of 15 trials of low-dose aspirin and
other published meta-analyses of trials and
cohort studies. Although the polypill is an
interesting idea, it has also encountered sig-
nificant criticism. A multidisciplinary public
health research working group considered the
strengths and concerns of combination phar-
macotherapy proposals (11). Most important,
they noted that no clinical trial has shown the
benefit of the pill. Furthermore, the group
raised questions about possible side effects
and problems with patient adherence. An-
other concern is that a footnote to the polypill
paper notes that the authors have filed for a
patent on the combined pill. At this point, it
seems a bold step to advocate a policy for the
entire public without direct evidence for ef-
fectiveness of this combined agent.

Although most of the current medications
that would be used in these preconditions are
or will be generic in a few years, the costs of
medication treatment may be on the low end
of these estimates. However, pharmaceutical

companies will likely develop new treatments
targeting those with preconditions, given the
huge potential markets. As a result, medi-
cation costs will likely be higher than these
estimates. The reader should note that we
have reported only the one-year costs. In most
cases, patients will be asked to comply with
these or similar medications continually for
the remaining years of their lives. The yearly
cost of a statin medication for a person with
a 25-year current life expectancy should be
multiplied by 20.

Likelihood of Benefit/Chances
of Side Effects

No treatment is without side effects. Because
side effects occur, patients must decide if they
are willing to expose themselves to these risks.
Glasziou & Irwig (29) have analyzed this
problem and concluded that the benefits of
treatment go disproportionately to patients
at the greatest risk. Similarly, the lower the
risk of the disease is, the lower the benefit of
treatment is. Figure 8 provides a pictorial ex-
planation of their ideas. In this case, imag-
ine the risk is blood pressure and the out-
come is stroke. As blood pressure increases,
the chances of stroke also increase. Everyone
exposed to the treatment experiences these
consequences, and they are independent of
the level of risk. However, not all people re-
spond to treatment the same way. Some are
very responsive to treatment (high respon-
ders) and others are less responsive (low re-
sponders). Similarly, some people are more
sensitive to the medication and are highly vul-
nerable to side effects. Others may have low
vulnerability. The treatment threshold should
be higher for those who are more vulnerable
to side effects.

WHAT IS UNKNOWN

Geoffrey Rose convincingly argued the ra-
tionale for public health approaches to com-
mon medical problems. Given the normal
distribution of most CHD risk factors, the
traditional medical approach has been to seek
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The solid line in panel A shows the relationship between the benefits of treatment and the risks of the
illness. The dashed line shows the chances of harm due to side effects of treatment. The point where the
lines intersect is the treatment threshold, or the point at which treatment should be considered. Panels B,
C, and D outline other situations. Panel B shows that the treatment threshold should be lower for high
responders than for low responders. The different horizontal dashed lines in Panel C indicate patients
who are sensitive to medication and highly vulnerable to side effects. Panel D shows treatment thresholds
for different combinations or response to treatment and vulnerability to side effects (from Reference 47,
reproduced with permission of Blackwell Publishing).

out and treat those in the upper tail of the
curve. Rose suggested that more public health
benefit could result from focus on the entire
distribution and greater attention to those to-
ward the center. Attacking the entire distribu-
tion might produce more public health bene-
fit than would concentration on clinical cases
at the extremes. Recent changes in treatment
guidelines place a much greater portion of the
population in categories for concern. How-
ever, the new guidelines emphasize medical
approaches to these problems. Rose proposed
public health rather than clinical solutions to
this problem. New guidelines appear to medi-
calize ordinary variation in CHD risk factors.
We clearly need efforts to apply and evalu-
ate public health approaches before exposing
a large portion of the population to clinical
measures.
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Perhaps the major discrepency in the cur-
rent literature is that we do not know the
benefits of treatment for people not previ-
ously believed to be at risk. Tables 1 and 2
suggest that we have very little evidence on
the health benefits and consequences of phar-
macological treatment for people not at risk.
Furthermore, we have not formally evaluated
public approaches or compared the relative
value of population versus clinical approaches.
Furthermore, we need more evidence on the
costs, risks, and benefits of the expanded def-
initions of disease.

SUMMARY

This chapter has explored the implications of
changing the definitions of CHD risk factors.
JNC VII created a new category known as
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prehypertension. Individuals previously cat-
egorized as normal now qualify for this
diagnosis. ATP IIT lowered the threshold for
concern about serum cholesterol. An ADA
committee lowered the threshold for IFG
from 110 mg/dl to 100 mg/dl. Analysis of the
National Health and Nutrition Examination
survey shows that these definition changes
produce profound effects on the number of
people who could be labeled as having these
risk factors. Considering blood pressure, for
example, the number of people affected would
go from ~14% to ~40% of the adult popula-
tion, a 185% increase. Considering the three
risk factors, more than 97% of the adult popu-
lation would need to be under medical surveil-
lance.

We do not know how many people would
seek or gain treatment for these new diagnoses
or whether the treatment would be effective.
Clinical trials have not evaluated pharmaceu-
tical interventions for people who were previ-
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