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ABSTRACT

Background. In the past few decades, some measures of population risk have
improved, while others have deteriorated. Understanding the health of the population
requires integrating these different trends. We compare the risk factor profile of the

population in the early 1970s with that of the population in the early 2000s.

Methods. Data from the NHANES I (1971-1975) and NHANES 1999-2002 are used to
measure demographics, smoking, drinking, obesity, blood pressure, and cholesterol.
Using the NHANES I epidemiological follow-up, we estimate the impact of each risk
factor on 10 year mortality rates. We compare the predicted 10 year mortality for the

NHANES I and NHANES 1999-2002 cohorts.

Results. For the population aged 20-74, the 10 year probability of death fell from 9.8
percent in 1971-75 to 8.4 percent in 1999-2002 (p<.001). Among the population aged
55-74, the 10 year risk of death falls from 25.7 percent to 21.7 percent (p<.001). The
largest contributors to these changes are the reduction in smoking and better control of
blood pressure. Increased obesity increased risk, but not by as large a quantitative

amount.

Conclusions. Despite substantial increases in obesity in the past three decades, the
overall population risk profile is healthier now than it was formerly. Both behavioral
changes and medical care have reduced risk. Mortality rates may thus continue to

decline.



In the past few decades, some measures of population risk have improved
markedly, while others have deteriorated. Smoking rates have fallen by more than a third
since 1960(1) and alcohol consumption has declined by 20 percent since 1980(2), both
leading to better health. On the other hand, obesity rates have doubled in the past two
decades(3) and diabetes has increased as a result.(4) Demographically, the population is
better educated, and better educated people live longer than less educated people.(5) At
the same time, however, the population has a higher share of minority groups, for whom
life expectancy is lower. The net impact of these risk factor trends on population health
expectations is uncertain.(6)

Understanding trends in risk factors is also essential for public policy. Since
social security payments are relatively constant by age, a population with longer expected
survival will have higher social security costs than a population with lower survival. A
healthier population will have lower near-term medical spending, but greater use of
nursing homes and other long-term care needs.(7, 8) Evaluating the future of public
programs requires synthesizing the trends in different risk factors.

We examined how population risk factors have changed from the early 1970s
through the early 2000s. We focused on risk factors related to cardiovascular disease —
demographics, smoking, heavy drinking, obesity, hypertension, and high cholesterol —
although many of these risk factors predict other diseases as well. We evaluated the
importance of risk factor changes using the relation between risk factors and risk of death

in the succeeding ten years.



METHODS

Data: Our data are from the National Health and Nutrition Examination Survey
(NHANES). We used data from NHANES I, conducted between 1971 and 1975, and
NHANES 1999-2002. Our analysis began with the 1971-75 NHANES because that is the
first population health survey that asked about smoking status, a key variable in health
risk. Each of the NHANES is a stratified multistage probability sample of the US
population as a whole. Details on the design and operation of the surveys have been
published elsewhere.(9, 10)

We sampled the population aged 25 to 74 in each of the two surveys. The
limitation to the adult population was because most of the risk factors are relevant for that
age group. NHANES I only included people up to age 74, so we ended both samples at
that age. After eliminating people with missing risk factor information, our sample sizes

were 6,764 in NHANES I and 6,255 in NHANES 1999-2002.

Risk Factors: We divide risk factors into two groups: demographics, and
medical factors. Demographic factors included age and sex, race, and education. Age is
delineated in 10 year age groups beginning at age 25. Race was defined as white, black,
or other. Education was divided into three groups: less than a high school degree; a high
school degree; and at least some college.

Medical risk factors included smoking, drinking, BMI, blood pressure, and

cholesterol. Smoking status is divided into three groups: current smoker, former smoker,



and never smoker. Smoking status is determined with two questions, “Have you ever
smoked at least 100 cigarettes in your entire life?”” and “Do you smoke cigarettes now?”’

Drinking status was divided into heavy drinkers, light drinkers, and non drinkers.
In NHANES I, drinking status was assessed with three questions. Non-drinkers were
those who answered “no” to the question, “During the past year have you had at least one
drink of beer, wine, or liquor?” Among those who answered “yes”, subsequent questions
included “How often do you drink?”” and “When you drink, how much do you usually
drink over 24 hours?” Heavy drinkers were those who drink 3 or more drinks over 24
hours and reported drinking “everyday” or “just about everyday”. The next possible
response was “about 2 or 3 times a week”. In NHANES 1999-2002, non-drinkers were
defined as those who responded “zero” to the question, “In the past 12 months, how often
did you drink any type of alcoholic beverage?” A subsequent question asked people, “In
the past 12 months, on those days that you drank alcoholic beverages, on the average how
many drinks did you have?” Heavy drinkers are those who reported drinking at least four
times per week (i.e., four or more times per week, 16 or more times per month, or 208 or
more times per year), and when drinking had an average of at least three drinks.

BMI is based on direct measurement of height and weight. We divided BMI
groups into the underweight (BMI<18.5), optimal weight (18.5<BMI<25), overweight
(25<BMI<30) and obese (30<BMI).

Blood pressure and total cholesterol were measured according to standard
protocols in each survey.(11-13) Blood pressure was divided into four groups following
the recommendations of the seventh report of the Joint National Committee on

Prevention, Detection, Evaluation, and Treatment of High Blood Pressure:(14) normal



blood pressure (systolic blood pressure (SBP) < 120 mm HG and diastolic blood pressure
(DBP) < 80 mm HG); pre-hypertensive (120mm HG< SBP<140 mm HG or 80< DBP<90
mm HG); stage 1 hypertension (140mm HG< SBP<160 mm HG or 90< DBP<100 mm
HG); and stage 2 hypertension (160mm HG< SBP or 100< DBP). Cholesterol levels
were divided into three groups based on the recommendations of the Third Report of the
Expert Panel on Detection, Evaluation, and Treatment of High Blood Cholesterol in
Adults:(15) normal cholesterol (cholesterol<200); borderline high cholesterol

(200<cholesterol<240); and high cholesterol (240< cholesterol).

Risk Prediction: Epidemiological follow-ups were conducted for the NHANES I
cohort at periodic intervals after the initial survey. We estimated a logit model for death
from any cause within the 10 years subsequent to the initial survey. Previous evidence
shows that prediction equations from NHANES are broadly similar to those from other
data sources such as the Framingham Heart Study, with the possible exception of
increased importance of smoking and diabetes in NHANES data.(16-18) The estimates
of the prediction equations take account of the complex sample design using the STATA

program.

RESULTS

Table 1 shows the characteristics of the entire population, and separately for the
population aged 55-74. There were large changes in many of the risk factors. The share
of the population with some college more than doubled for the older population and

nearly doubled for the entire population. Smoking declined by over one-third, and heavy



drinking fell as well. In contrast, BMI increased markedly and the population became
more racially diverse. Even with the increase in BMI, rates of high blood pressure and
high cholesterol declined. The share of people with stage 2 hypertension decreased by
two-thirds, and the share with stage 1 hypertension decreased by 45 percent. The share
of people with high cholesterol fell by 37 percent.

Table 2 shows the odds ratios for death in the subsequent 10 years. The
coefficients are all in the expected direction, and most are statistically significant. Being
a current smoker increases the odds of death in the next 10 years by 113 percent (p<.001).
Obesity increases the odds of death by 26 percent, though this is not statistically
significant once blood pressure and cholesterol are controlled for (p=.112). Stage 2
hypertension is associated with a 54 percent increase in risk (p=.023). Among the
demographic factors, blacks have higher mortality rates (OR=1.402; p=.010) as do
individuals with lower educational attainment (OR=1.269; p=0.036), while married
people (OR=.682; p=.001) have lower mortality rates.

Table 3 reports the impact of risk factor changes between 1971-75 and 1999-2002
on 10 year mortality probabilities. For the entire population, the mortality risk declined
from 9.8 percent in NHANES I to 8.4 percent in NHANES IV (p<.001), an absolute
reduction of 1.4 percentage points (14 percent relative risk reduction). Among the
population aged 55 and older, the absolute risk fell from 25.7 percent to 21.7 percent
(p<.001), a relative reduction of 16 percent.

For the population as a whole, the largest risk factor change was the reduction in

smoking, which contributed to a 0.9 percent decrease in mortality risk. Better blood



pressure control led to a reduction of 0.6 percent in risk. The increase in obesity offset
some, but not all, of these risk reductions.

In the population aged 55 and older, the patterns are the same, although the
magnitudes are much larger. The most important factor for the older population was
better control of blood pressure, contributing 2.1 percent to lower mortality. In addition,

improved education among the older group led to additional reductions in mortality risk.

DISCUSSION

Changes in health behaviors have been neither uniformly positive nor negative.
Studies focusing on smoking reduction and medical control of hypertension and high
cholesterol have focused on the successes in these areas,(11-13) while others studies have
worried about the potential harms from obesity and uncontrolled diabetes.(19) Our
analysis is the first study to compare the mortality impact of these differing trends.

Taken as a whole, we find that the population’s risk profile is substantially more
favorable today than it was three decades ago. Mortality risk has declined by about 14
percent, for the entire population and the population aged 55 and older. There are three
reasons for this change. The first cause is the dramatic and continuing reduction in
smoking. The share of people currently smoking cigarettes has fallen by one-third since
the early 1970s. Because smoking more than doubles 10 year mortality risk, reductions
in smoking of this magnitude have large impacts on mortality projections.

Forecasting smoking is difficult to do, but it is possible that smoking will continue
to fall over the next few decades. Future generations of older Americans will have grown

up with stronger warnings about the harms from cigarettes, and may thus smoke less. In



addition, recent price increases as a result of tobacco taxes and the Master Settlement
Agreement should lead additional people to stop smoking.(20)

The second factor leading to better health is the increasing education of the
population. Better educated people live longer than less educated people, and so the
increase in education has led to substantial improvements in longevity. For the
population aged 55 and older, the impact of improved education is on par with the effect
of reductions in smoking. Since education has been increasing over time, the trend
towards greater education among the elderly is sure to continue. For example, 23 percent
of the population aged 45-54 did not finish high school, compared to 32 percent among
the population aged 55 and older.

The reason for the link between education and health is not totally clear. Some
evidence suggests that education is causally related to health; for example, delaying the
age at which people can leave high school or subsidizing local community colleges
improves later life health.(21-24) Other studies suggest that education proxies for social
position and that position in the social hierarchy is the fundamental cause of better
health.(25, 26) In this latter hypothesis, raising average education would not affect the
social status of the typical person, and thus would not lead to further health
improvements.

The third factor leading to a more favorable health profile is better control of
chronic disease, especially diseases that result from obesity. Hypertension control has
improved markedly in the past three decades, particularly in the older population. The
share of the population aged 55 and older with stage 2 hypertension fell from 31 percent

to 12 percent, and the share with stage 1 hypertension fell from 32 percent to 24 percent.



For the older population, the impact of this reduction for 10 year survival is twice as large
as the impact of reduced smoking. Rates of high cholesterol have declined as well,
although the impact of this change is not as large in magnitude.

Controlling for blood pressure and cholesterol, being obese does not have a
statistically significant effect on 10 year mortality, although the odds ratio is reasonably
large (OR=1.28; p=.106). Without controlling for blood pressure or cholesterol, the odds
ratio for obesity is larger and statistically significant (OR=1.44; p=.018). Thus, obesity
does matter for health, but adjusting for the risk conferred by the sequelae of obesity
blunts a significant part of the effect. This finding parallels other research from the
Framingham Heart Study, which does not have obesity in the risk equation [Wilson et
al.], and data showing that the impact of obesity on mortality is declining in more recent
surveys [Flegal et al.]. Indeed, it is likely that some of the obesity effect we find would
be reduced still further if we were able to control for diabetic status. However,
hemoglobin Alc levels were not recorded in NHANES 1.

The factors responsible for better control of hypertension and high cholesterol
likely include increased use of medications and to a lesser extent behavioral change. Use
of antihypertensive medications rose markedly after the early 1970s,(11) and use of
statins to control cholesterol increased markedly in the.(27) Other possible factors
include reduced fat and salt intake.(28)

The impact of rising obesity on future health status will depend to a significant
extent on whether the consequences of obesity are well controlled. While blood pressure
control has been significant in the past thirty years, only 30 percent of people with

hypertension have their blood pressure well controlled.(12) Similarly, only 18 percent of

10



people with high cholesterol are medically well controlled.(29) Continued high rates of
poor risk factor control will lead to significant problems in our more obese population.

Our analysis has some limitations, which are deserving of note. Most
importantly, we do not consider the impact of different risk factors on the use of medical
services. Knowledge of mortality risk is only one dimension in measuring the impact of
population health changes. In addition, we do not have information on all of the
important risk factors. For cardiovascular disease risk, the most important omissions are
hemoglobin Alc and perhaps some of the more novel risk factors (such as C-reactive
protein or albuminuria), although other risk factors may be important as well. Finally,
our analysis might understate the role of some risk factors to the extent that they changed
subsequent to the NHANES [ survey and so affected mortality to a greater or lesser
extent.

In sum, we show significant improvements in the health profile of the US
population between the early 1970s and the early 2000s, as a result of reduced smoking,
better control of medical risk factors such as hypertension and cholesterol, and better

education among the older population.
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Table 1: Sample survey Characteristics

Entire Population

Population 55+

NHANEST NHANES NHANEST NHANES
1971-75 1999-2002 1971-75 1999-2002
Risk Factor (n=6,764)  (n=6,255) (n=2,453) (n=2,188)
Female, %
Race, %
White 89.0 85.8 90.8 88.6
Black 10.0 9.9 8.5 8.0
Other race 1.0 4.3 0.7 3.5
Married, % 79.0 64.9 72.5 70.1
Education, %
<High school 34.4 19.8 553 31.7
High school 37.2 24.9 26.0 27.1
At least some college 28.4 55.3 18.6 48.8
Smoking, %
Current smoker 40.3 24.8 28.5 16.3
Former smoker 21.2 26.0 27.9 40.6
Never smoker 38.5 49.2 43.6 43.1
Drinking, %
Heavy drinker 6.7 4.4 5.8 4.5
Light drinker 72.3 65.3 60.3 55.1
Non drinker 20.9 30.3 339 40.5
BMI, %
Underweight, BMI<18.5 2.8 1.7 2.9 0.9
Optimal weight, 18.5<BMI<25 47.7 30.4 40.1 25.0
Overweight, 25<BMI<30 34.6 34.7 37.5 36.4
Obese, 30<BMI 14.8 332 19.5 37.7
Blood Pressure, %
Normal blood pressure 22.4 43.4 8.9 22.5
Prehypertension 38.2 38.9 28.1 43.6
Stage 1 hypertension 23.6 13.1 32.4 22.3
Stage 2 hypertension 15.7 4.6 30.6 11.7
Cholesterol, %
Normal cholesterol 354 47.4 19.6 35.6
Borderline high 34.9 34.4 34.7 41.8
High 29.7 18.3 45.7 22.6

Abbreviations: NHANES, National Health and Nutrition Examination Survey.
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Table 2: Effect of Risk Factors on 10 Year Mortality

Variable Odds Ratio*  p-value*
Race (relative to white)

Black 1.402 010

Other race 245 119
Married .682 .001
Education (relative to high school graduate)

<High School 1.269 .036

At Least Some College 1.062 739
Smoking status (relative to never smoker)

Current smoker 2.126 .000

Former smoker 1.233 A17
Drinking status (relative to never drinker)

Heavy drinker 1.021 906

Light drinker 771 .034
BMI (relative to optimal)

Underweight, BMI<18.5 2.408 .000

Overweight, 25<BMI<30 762 .020

Obese, BMI>30 1.278 112

Blood pressure (relative to normal)

Prehypertension 904 581

Stage 1 hypertension 1.131 486

Stage 2 hypertension 1.535 .023
Cholesterol (relative to normal)

Borderline high 1.029 819

High 1.150 277

Note: Data are from NHANES 1. The regression
includes 10 year age dummy variables interacted with
gender. *Results are from multivariable analyses.

13



Table 3: Summary Measures of Population Mortality

Total Population  Population 55+

Predicted mortality, 1971-75 9.8% 25.7%
Predicted mortality, 1999-02 8.4 21.7
Change -1.4 -3.9
Effect of:
Smoking -0.9 -1.2
Blood pressure -0.6 -2.1
Education -0.2 -0.9
Cholesterol -0.2 -0.6
Drinking 0.1 0.2
BMI 0.3 0.6

Note: Estimates are adjusted to the age and sex distribution of the
population in 1999-2002. Effects of changes in race and marital
status are not reported.
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