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Abstract

Purpose: To examine recent trends in the coronary heart disease (CHD) risk profiles of the
population aged 45 to 64 in the United States.

Methods: Data from the National Health and Nutrition Examination Surveys (NHANES) from
2 time periods (1988-1994 and 2005-2008) are used to estimate the CHD risk functions derived
from the Framingham Heart Study. The risk functions take account of levels of blood pressure
(systolic and diastolic), total and high-density lipoprotein serum cholesterol, diabetes (doctor
diagnosed or based on fasting glucose), and smoking status to estimate the 10-year risk of
myocardial infarction or coronary death. We estimate the risk functions by gender, race, and age
group (45-54 and 55-64).

Results: The CHD risk profile of middle-aged adults has improved over time. For example, the
mean 10-year risk of heart attack or CHD death among persons 55 to 64 years has declined from
7.1% to 5.2%. Declines are seen among both men and women and among non-Hispanic Blacks
and non-Hispanic whites.

Conclusions: Despite increases in diabetes and obesity, the CHD risk profile of middle-aged
adults improved during the period from 1988-1994 to 2005-2008.
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Many studies have demonstrated improved health and functional ability among recent
cohorts of the elderly. Even as the prevalence of some chronic diseases has increased, life
expectancy at the oldest ages has risen, and many areas of health have improved [1-4].

Lately, there has been interest in the health and functioning of middle-aged adults—the
“baby boomers”—who will soon become eligible for Medicare. Health indicators over the
past two decades for the middle-aged population are mixed. For example, overall mortality
rates (and heart disease mortality rates) have continued to decline. The prevalence of obesity
and diabetes has increased, whereas the percentage with high cholesterol has declined [5-8].
There is some evidence of increased limitations in functional ability, and the decline in

the percent reporting fair to poor health seems to have leveled off since the mid 1990s.
[5,6,9-12].

In this paper, we focus on trends in the risk of coronary heart disease (CHD) because it

is a major contributor to poor health and disability, as well as a common cause of death.
The aging of the baby-boom generation is expected to place a major strain on the U.S.
health care system and spending, the magnitude of which may depend on whether their
rates of cardiovascular disease are lower than preceding cohorts [13-15]. National health
surveys have documented a striking increase in the prevalence of obesity and overweight
in the U.S. population over the past three decades, although in recent years the increase
has leveled off for women. More recently, the prevalence of diabetes has increased for the
total population and for certain age groups. Declines in physical activity and diet quality
and increased caloric intake have been blamed [5,6,16-22]. This has led to speculation
that adverse effects on the overall risk profile of the population may slow or reverse the
long-term decline in mortality from CHD and stroke in the near future [23,24]. Many

risk factors for cardiovascular disease are interrelated and present apparently inconsistent
trends [25]. Because it is difficult to sort out the effect of individual risk factors when
examining trends or modeling future health status and health care spending, we calculate a
summary measure of cardiovascular risk using a model derived from the Framingham Heart
Study [26,27]. This model estimates the 10-year risk of coronary death and/or myocardial
infarction. We estimate this risk among the population of middle-aged adults from 1988 to
1994 and from 2005 to 2008.

Data and methods

Data in this study are taken from the National Health and Nutrition Examination Surveys
(NHANES). NHANES is designed to monitor the health and nutritional status of the U.S.
population. The survey consists of interviews conducted in participants’ homes, standardized
physical examinations conducted in specially outfitted mobile examination centers, and
laboratory tests utilizing blood and urine specimens provided by participants during the
physical examination. NHANES had been conducted intermittently from the early 1960s
until 1994. In 1999, NHANES became a continuous survey, fielded on an ongoing basis.
Each year of data collection is based on a representative sample covering all ages of the
civilian noninstitutionalized population. Since 1999, public-use data files are released in
2-year cycles.
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We use data from the NHANES I11, conducted from 1988 to 1994, and from the NHANES
2005 to 2008. Response rates for the medical examination component of NHANES from
1988 through 1994 to 2005 through 2008 were between 75% and 78% [5]. Selected
subjects were aged 45 to 64 years and completed the morning fasting glucose component
of the examination in the mobile examination center. We excluded fewer than 5% of these
subjects because of missing values on analytic variables. Data on fasting glucose levels
from the 2007 through 2008 NHANES were adjusted to be compatible with earlier years as
recommended in the survey documentation [28]. Analyses use the fasting sampling weights
and adjust for the complex survey design with Sudaan software [29].

We estimate the 10-year risk of CHD, defined here as myocardial infarction (heart attack)
and/or fatal CHD, using mathematical risk functions developed from the Framingham Heart
Study. The risk functions are based on the experience of over 5000 persons aged 30 to

74 years who were examined in 1971 through 1974 as part of the Framingham Heart

Study. Twelve years of follow-up data were used in proportional hazards models. These
results were adjusted to estimate a 10-year risk. The risk functions assign weights, based
on the coefficients of the hazards models, to various CHD risk factors. SAS programs to
calculate the risk estimates were provided by researchers from the National Heart Lung
and Blood Institute of the National Institutes of Health (Personal communication, Mr.

Sean Coady, November 14, 2007). The inputs to the risk estimation functions are gender,
age, measured total and high-density lipoprotein serum cholesterol levels, measured blood
pressure, diabetes status, and self-reported smoking status [26,27]. For this analysis, the
definition of diabetes includes any of the following: Physician-diagnosed diabetes, taking
diabetic medication including insulin, or having a fasting glucose level greater than or
equal to 126 mg/dL. This definition differs slightly from currently accepted classifications,
which also take account of levels of hemoglobin Alc [30]. The definition here conforms

to the specifications of the risk equations that were developed before the latest revision

in diabetes definitions. The risk factors of high blood pressure and high cholesterol are
based only on measured levels, whereas the diabetes risk factor includes measured levels
of glucose or physician diagnoses or being treated with medication. Coronary heart disease
risk estimates were calculated by age group, gender, and race/ethnicity only for those who
were not previously diagnosed with a heart attack. The final sample sizes for our analysis
were 1862 in 1988 through 1994 and 1563 in 2005 through 2008. Because the Framingham
CHD prediction scores have been shown to be poorly calibrated for at least some groups of
Hispanics [26], we only show race/ethnicity results separately for non-Hispanic Whites and
non-Hispanic Blacks, although Hispanics are included in the overall estimates. Because of
the small sample sizes, we combined age groups when we present race differences.

The characteristics of the two study samples are shown in Table 1. Percents are based on
weighted data. Some risk factors worsened over the time period, such as the percent obese,
whereas others improved (declines in high cholesterol). The estimates of 10-year CHD
risk shown in Table 2 are calculated among the study sample respondents who were not
previously diagnosed with a heart attack. For all persons aged 45 to 54 years, the 10-year
risk of CHD declined by 20% between the two time periods, 23% for men and 14% for
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women. Among persons aged 55 to 64 years, there was a 26% overall decline in the 10-year
risk of CHD. Non-Hispanic Whites and non-Hispanic Blacks showed similar declines in
CHD risk over the period.

Discussion

NHANES surveys provide national estimates of coronary risk factors for the civilian, non-
institutionalized population of American adults. With these data, we show that the predicted
10-year risk of major coronary events among adults aged 45 to 64 years declined, despite
the widely reported increase in the prevalence of overweight, obesity, and diabetes. Data
from the National Vital Statistics System and the National Hospital Discharge Survey show
that ischemic heart disease mortality and hospitalizations for these age groups also declined
in the same period (Fig. 1.) The decline in risk for middle-aged adults is consistent with
declines in CHD risk among older age groups. We found a 31% decline in risk for people
aged 65 to 74 years during the same time period (data not shown).

The present study provides evidence for the ongoing role of declining levels of certain risk
factors in the reduction in coronary incidence, severity, and thus mortality. This finding is
consistent with previous research, including studies of cardiovascular risk among those with
a diabetes diagnosis [31]. It is also consistent with reports that the risk profile among the
obese has improved along with a greater prevalence of treatment of risk factors [32,33].

For example, the percent of middle-aged persons with undiagnosed diabetes decreased from
1988 through 1994 to 2003 through 2006 [5,8]. Also, whereas the overall percent with
hypertension (defined as elevated blood pressure or taking high blood pressure medication)
increased from 1988 through 1994 to later periods, the share with uncontrolled high blood
pressure among those with hypertension has declined, suggesting an increase in treatment.
The same trend is seen for high cholesterol: From 1988 through 1994 to 2005 through
2008, the percentage of people with measured high serum cholesterol or taking cholesterol-
lowering medication increased, whereas the percentage with measured high serum total
cholesterol decreased [5,6]. The prevalence of these risk factors in the population has
increased at the same time as the treatment of these conditions has also increased.

The smaller and not significant decrease in risk for women aged 45 to 54 compared with
men offers some evidence, as other studies have suggested, that declines in CHD risk and
mortality seem to be slower for women than men in this age group [3,34]. Patterns of
smoking are likely part of the explanation for these results; there have been declines in rates
of smoking for both men and women over the past several decades, but the decline among
women started later and has not been as steep [5]. It might also be that, because the risk
among women of this age is so low, further declines are difficult to achieve.

NHANES provides population-based data on multiple coronary risk factors in nationally
representative samples of Americans. However, there are limitations of the present study to
consider. The definitions of risk factors required by the Framingham Heart Study risk model
are not consistent across the various factors. For example, the levels of blood pressure and
serum cholesterol are evaluated regardless of treatment with medication, whereas medication
treatment for diabetes by itself is considered a risk factor, irrespective of the measured level
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of fasting glucose. Some recent studies have questioned the performance of the Framingham
risk scores, but these analyses were conducted on an older population than our study [35,36].
Although institutionalized persons are excluded from NHANES surveys, the effect on our
analysis is likely minimal because the focus here is on persons aged 45 to 64 years who

have a low rate of institutionalization. Also, in this analysis we do not take account of
socioeconomic differences, which have been shown to be important in cardiovascular risk
[37].

Because the model does not take account of advances in technology and treatment, the

risk estimates presented here may underestimate future declines in cardiovascular risk. If
improvements in treatment of CHD reduce the risk of death, then risk of CHD (which
includes CHD mortality) could be even lower, even if the effects of the risk factors stay the
same.

The Framingham Heart Study risk model does not include obesity as an independent
variable. Consequently, the effect of obesity is assumed to work through its influence on the
various risk factors. Studies addressing the question of whether obesity plays an independent
role in cardiovascular risk are not conclusive. Using the longitudinal Framingham Heart
Study data, Wilson et al. [38] show an increase in hypertension and cardiovascular sequelae
among overweight and obese participants. More recently, other research found that adding
waist circumference to the Framingham risk model did not improve its predictive ability for
older adults [35]. The sample sizes of the present study do not allow an analysis by BMI
subgroup to examine whether trends in CHD risk differ for overweight and obese people
compared with healthy weight people.

Although CHD risk has declined as levels of obesity have increased, the role of obesity in
future risk of CHD is unknown; future cohorts will be entering mid-life heavier and having
lived with higher levels of obesity and diabetes for longer periods of time than current
middle-aged cohorts. Although the risk is currently declining, it remains to be seen whether
this declining risk will continue as these middle-aged cohorts grow older. Most studies only
have data on the current weight of participants. Future models should attempt to take into
consideration the changing role of obesity over a lifetime in the calculation of the risk of
heart disease.
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Fig. 1.

Dgaths and hospital discharges for ischemic heart disease (per 10,000 population), for
ages 45 to 64 from 1988 to 2008. Note: Death rates are presented as deaths per 10,000
population. Death rates are for the underlying cause of death, and hospital discharge rates
are for the first-listed diagnosis. ICD-CM codes for hospital discharge rates are 410 to 414.
The ICD-9 codes for death rates for 1988 to 1998 are 410 to 414 and 429.2. ICD-10 codes
for death rates for 1999 through 2008 are 120 to 125. (Source: Centers for Disease Control
and Prevention, National Center for Health Statistics, National Hospital Discharge Survey
and National Vital Statistics System.)
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Demographic and health characteristics of adults aged 45-64 who have not had a heart attack: United States,
1988-1994 and 2005-2008

NHANES 111, 1988-94
(n = 1862)

NHANES 2005-2008
(n =1563)

% SE % SE
Age groups (yrs)
45-54%* 55.9 2.4 63.3 18
55.64% 44.1 24 36.7 18
Male 46.5 14 48.8 16
Race/ethnicity
Non-Hispanic White 79.4 2.2 75.0 2.3
Non-Hispanic Black 8.9 0.1 10.9 16
Risk factors
Ages 45-54
Diabetes 8.0 11 10.5 0.9
High cholesterol * 26.1 25 18.5 18
High blood pressure 13.8 1.6 11.8 1.2
Current smoker 28.8 2.7 254 25
Obese ™ 26.0 2.4 34.9 2.2
Ages 55-64
Diabetes 16.1 1.6 18.2 2.4
High cholesterol * 31.0 17 20.7 20
High blood pressure 233 15 20.0 2.0
Current smoker 242 2.1 18.6 21
Obese * 30.7 21 419 25

Notes: Estimates may differ from other published reports due to differences in sample selection.

The study sample consists of subjects who completed the morning fasting glucose component of the NHANES examination and who were not

missing values on analytic variables and who were not previously diagnosed with a heart attack.

Obesity is not part of risk function calculations.

Percents are based on weighted n.

Diabetes is defined as self-reported diabetes or taking diabetes medication or insulin or having a fasting glucose level of 2126 mg/dL.

High Cholesterol is defined as total cholesterol =240 mg/dL.

High blood pressure is defined as having mean measured systolic reading of 2140 mm Hg or diastolic 290 mm Hg.
Current smoking is defined as having smoked =100 cigarettes and currently smoking every day or on some days.

Obesity is defined as a body mass index of 230 kg/mz.

*

Estimates across years are significantly different at the £< .05 level.
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Mean 10-year CHD risk among persons aged 45-64: United States, 1988-1994 and 2005-2008

NHANES 111, 1988-1994 NHANES % Change
2005-2008
% SE % SE
All races/ethnicity
Ages 45-54
All* 4.0 03 32 02 -19.8
Men* 6.5 04 50 02 -22.8
Women 1.6 0.1 14 01 -13.6
Ages 55-64
All* 7.1 03 52 03 -26.4
Men ™ 111 07 80 04 -28.0
Women* 4.0 03 28 02 -30.1
Non-Hispanic White
Ages 45-64* 53 02 38 02 -28.2
Non-Hispanic Black
5.8 03 41 02 -30.4

Ages 4564~

Note: Risk calculated from Framingham Heart Study Risk Functions as described in Wilson 1998 and D’ Agostino 2001.

Risks are estimated only for persons not previously diagnosed with a heart attack.

The sample size for 1988-1994 is 1862 and for 2005-2008 is 1563.

Age groups are collapsed to create stable estimates for race/ethnicity.

*
Change in risk across time periods is statistically significant at the £< .05 level.
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