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ABSTRACT

PURPOSE e wanted to compare the risk of death from coronary heart disease
(CHD) for patients of low socioeconomic status, measured by educational level,
with established risk factors.

METHODS We undertook a prospective cohort study. Participants included a rep-
resentative sample of 6,479 adults aged 25 to 74 years in the United States who
were free of CHD at enrollment in the first National Health and Nutrition Exami-
nation Survey (NHANES I).

RESULTS Baseline measures included years of education, age, sex, systolic blood
pressure, diabetes, total cholesterol level, and smoking. Outcome was death
within 10 years from CHD. The relative risk (RR) associated with less than 12
years of education compared with more than 12 years (RR 1.5; 95% confidence
interval [Cl], 1.2-1.8) was comparable to being male (RR 1.4; 95% Cl, 1.2-1.6),
smoking (RR 1.4; 95% CI, 1.1-1.6), having a total cholesterol level of greater
than 280 mg/dL (RR 1.6; 95% (I, 0.9-2.7), and systolic blood pressure of 130-
139 mm Hg (RR 1.6; 95% Cl, 1.0-2.4). Findings were comparable for estimates
of absolute risk.

CONCLUSIONS Low educational level is associated with comparable risk as estab-
lished risk factors for CHD mortality. Incorporation of educational level into risk-
based guidelines for treatment could potentially reduce socioeconomic disparities
in CHD by lowering thresholds for treatment.

Ann Fam Med 2004;2:469-473. DOI: 10.1370/afm.88.

INTRODUCTION

he relationship between lower socioeconomic status measured

by education, income, or occupation and mortality is well estab-

lished."* Socioeconomic disparities in morbidity and mortality
from coronary heart disease (CHD) represent a major cause of socio-
economic disparities in overall mortality in the United States.”*

Evidence suggests that the relationship between lower socioeco-
nomic status and CHD is, in part, independent of traditional CHD risk
factors, including hypertension, elevated cholesterol levels, diabetes
mellitus, and smoking.”'? Despite these findings, risk-based treatment
guidelines, such as the Adult Treatment Panel III (ATP III) from the
National Cholesterol Education Program,'® do not account for the
effects of socioeconomic status on overall risk of death from CHD. Yet,
if lower socioeconomic status independently predicts CHD risk, then
it could be used to identify persons in need of earlier or more intensive
management of modifiable risk factors, such as elevated low-density
lipoprotein (LDL) levels.

In this study, we compare the independent risk associated with low
educational level with traditional CHD risk factors. Specifically, we use
nationally representative data from the United States to compare the
rates of CHD death within 10 years based upon these factors.
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METHODS

Population

The first National Health and Nutrition Examination
Survey (NHANES I), conducted between 1971 and
1975, collected sociodemographic, medical history,
and clinical and laboratory information from several
national probability samples of the civilian noninsti-
tutionalized US population.”®* The NHANES I Epi-
demiologic Follow-up Study (NHEFS) was designed
to trace and reinterview respondents aged 25 to 74
years."” !¢ Active follow-up surveys in NHEFS were
conducted in 1982 to 1984, 1986, 1987, and 1993.
Data were collected from interview surveys, medical
records from health care facilities, and death certifi-
cates for all decedents. The class-specific mortality
of the NHEFS cohort based on age, race, and sex is
similar to that experienced by the US population.'”
Compared with persons with vital statistics follow-up
information, those lost to follow-up were younger, had
lower blood pressure and cholesterol levels, and were

more likely to be smokers. Persons with baseline CHD
(n = 56) were excluded from these analyses.

Measures

The following predictors were included in the models:
age (categorized as <35, 35-44, 45-54, 55-64, and 65-
74 years), sex, baseline systolic blood pressure (catego-
rized as <120, 120-129, 130-139, 140-159, and 160 mm
Hg or greater), baseline total cholesterol level (catego-
rized as <200, 200-239, 240-279, and 280 mg/dL or
greater), presence at baseline of diabetes mellitus, base-
line smoking status (smoker or not), and baseline edu-
cational status (categorized as <12 years, 12 years, or
>12 years of school). Outcome was death from CHD
or not, at 10 years' follow-up, based on death certificate
(ICD-9 codes 410-414).

Statistical Analysis

The NHANES [ survey used multistage stratified prob-

ability samples of clusters of persons. Persons living in
poverty areas, women of childbearing age,

. . Iderl led. T

Table 1. Distribution of Coronary Heart Disease and e derg pers}:)ns Wer? oversamp ded, ©

Risk Factors by Educational Level in Sample accommodate the complex survey design,

the statistical package SUDAAN was
Prevalence of Risk Factor by Educational Level used to conduct the statistical analyses.'®
<12 Years 12 Years >12 Years SUDAAN uses a Taylor series approxima-

Risk Factor % % % tion method to compute variances that

Age, years allow adjustment for the multistage clus-
65-74 64 18 18 ter-sampling strategy. Weights provided
55-64 48 33 19 on the public-use tapes were used to
45-54 38 38 23 adjust for survey oversampling and non-
35-44 27 42 31 . . .

response to yield population estimates of
25-34 19 41 40 . .

. all parameter estimates. We used logistic
X
Viale 35 " ” regression models to determine the 10-
Female 36 32 32 year risk for mortality from CHD associ-

Systolic blood pressure ated with baseline age, education, sex,
(mm Hg) blood pressure, diabetes, cholesterol level,
>160 56 28 17 and smoking. Odds ratios were converted
140-169 44 33 23 to relative risk ratios.'”” A Cox proportional
130-139 3 36 29 hazards survival analysis yielded results
120-129 30 41 30 -

similar to those reported here, but the
<120 27 39 34 o .

Diabetes logistic regression analyses are reported
Yes 64 23 12 because they allow calculation of adjusted
No 35 37 28 predicted marginal risk for each factor.

Cholesterol level (mg/dL) Predictive margins provide an estimate of
>280 44 34 22 absolute risk associated with that variable
240279 41 35 23 taking into account the covariate distribu-
200-239 35 38 28 tion of the sample.?°
<200 30 37 33

Smoker
Yes 37 38 25 RESULTS
No 34 36 30 . .

Ascertainment of risk factors and 10-year

Note: Numbers in each row refer to the percentage of persons in each educational category. Numbers status was available for 6 637 persons

may not total to 100 because of rounding. !

(96%). The prevalence of the risk factors
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by education is shown in Table 1.
In a multivariate analysis, signifi-
cant predictors of CHD mortality
in order of relative risk were older
age, systolic blood pressure, dia-

Table 2. Risk Factor Prevalence and Adjusted 10-Year Risk
of Coronary Heart Disease Mortality

Adjusted 10-Year CHD

Mortality Risk

betes, cholesterol level, having less Risk Factor _

than 12 years Of education, being Risk Factor Pre‘(’g:ae)nce Reli?stllve 95% I MaRrg:?al 95% I

male, and smoking (Table 2). The

addition of race to the models had Age, years

little effect on the relative risks 65-74 121 (04) 6.3 4.5-74 73 3:6-9.0

for any of the risk factors (results >4-64 17906) 37 24T 30 22738

45-54 22.1(0.5) 2.9 1.7-3.7 2.0 1.2-2.8

not shown). There were no sta- 35-44 21.1(0.7) 26 1.3-3.9 1.5 0.6-2.5

tistically significant interactions 25-34 (referent) 26.9 (0.7) 1.0 1.0-1.0 04 0.0-0.7

among the key variables and no Education (years)

problems with collinearity. <12 35.5 (0.9) 1.5 1.2-18 3.4 2.9-4.0
The predicted marginal risk of 12 36.5 (0.9) 1.2 0.8-1.6 23 1.5-3.1

CHD associated with these risk > 12 (referent) 28.0 (0.9) 1.0 1.0-1.0 1.8 1.1-25

factors is also displayed in Table Sex

2. Compared with persons having Male 47.5 (0.7) 15 1.3-1.6 3.9 3.2-4.6

more than 12 years of education, Female (referent) 52.5 (0.7) 1.0 1.0-1.0 1.8 1.3-2.3

persons with less than 12 years of SVStOHC:'OOd pressure

education had a 2.4 % (95% CI, (:120 ! 11.3 (0.5) 2.9 2.0-4.1 48 3.4-6.2

1.2-3.6) greater absolute risk of 140-159 19.3 (0.6) 1.9 1.3v2.7 3.2 2.3-4.0

10-year CHD mortality. This effect 130-139 17.5 (0.6) 16 1.0-2.4 2.5 1.5-3.5

is comparable to being male com- 120-129 20.5 (0.5) 1.2 0.6-2.0 1.7 0.8-25

pared with being female (2.3%; 95 <120 (referent) 31.3 (0.9) 1.0 1.0-1.0 13 0.7-2.0

% CI, 1.2-3.4), and age 65 years Diabetes mellitus 2.0(0.3) 1.8 0.8-3.8 46 1.4-7.8

and older compared with 35 to 44 No diabetes mellitus 98.0 (0.3) 1.0 1.0-1.0 2.7 2.3-3.2

(referent)

years (2.8%; 95% CI, 1.6-3.9). The Cholesterol (mafdL)

inclusion of persons with CHD in > 280 10.2 (0.5) 1.6 0.9-27 3.7 2.3-5.0

the analysis did not appreciably 240-279 20.5 (0.5) 13 00-18 59 22.37

alter the results (results not shown). 200-239 34.4 (0.6) 11 08-15 2.7 19-3.6
Analyses stratified by educa- <200 (referent) 34.9 (0.9) 1.0 1.0-1.0 2.2 1.4-3.1

tional level are shown in Table 3. Smoker 41.6 (0.8) 1.4 1.1-16 3.9 2.9-4.8

At each level of cholesterol, the Non-smoker (referent) 58.4 (0.8) 1.0 1.0-1.0 2.2 1.8-2.7

adjusted marginal predicted risk

CHD = coronary heart disease; SE = standard error; CI = confidence interval.

of CHD mortality is greater for
persons with fewer than 12 years
of education than for persons with more than 12 years.
Based on these adjusted predictive margins, and assum-
ing 100% effectiveness of cholesterol-reducing medica-
tion, the numbers needed to treat to reduce the mortality
risk for those with a cholesterol level of greater than 280
mg/dL to that of persons with a cholesterol level of less
than 200 mg/dL is 19 for those with fewer than 12 years
of education, and 111 for those with more than 12 years.

DISCUSSION

The results show that low educational level predicts 10-
year CHD mortality independently of traditional risk
factors. Notably, the risk associated with low education
is comparable in magnitude to many of the traditional
risk factors, including cholesterol level, smoking status,

sex, and age, that are used in current treatment guide-
lines. These findings suggest the possibility that an edu-
cational level of less than 12 years may be used to iden-
tify persons at higher absolute risk of death from CHD
who would not otherwise be identified for treatment.

The incorporation of low education into treatment
guidelines could potentially reduce socioeconomic
disparities in CHD mortality. Although education can-
not be modified medically, it can be used, as are other
nonmodifiable sociodemographic risk factors such as
age and sex, to select persons for more intensive man-
agement of modifiable risk factors. Subgroup analyses
of clinical trials suggest that persons of lower socioeco-
nomic status derive as much, if not more, benefit from
CHD interventions than persons of higher socioeco-
nomic status.?'
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Table 3. Adjusted 10-Year Risk of Coronary
Heart Disease Mortality by Cholesterol Level,
Stratified by Education

<12 Years >12 Years

Education Education
Cholesterol Mortality Mortality
Level (mgldL) Risk (%) 95% CI  Risk (%)  95% Cl
>280 7.6 4.5 -10.7 2.2 0.6-3.8
240-279 6.5 4.7 -8.2 1.4 0.7-2.0
200-239 5.7 3.6-7.8 1.6 0.8-2.3
<200 2.4 0.6 -3.8 1.3 0.7-2.0

CHD = coronary heart disease; CI = confidence interval.

The clinical application of risk stratification based
on lower socioeconomic status represents a novel
strategy for addressing socioeconomic disparities in
conditions other than CHD; it applies to any condition
where treatment decisions are based on risk and where
socioeconomic status is a risk factor. Such a strategy
suggests more resources be directed toward primary or
secondary prevention for diseases that occur at higher
rates or at earlier ages among persons of lower socio-
economic status.

Use of an educational cutoff represents a simple,
clinically applicable decision rule. Questions about
education are less sensitive than questions about fam-
ily income and are more reliably reported. Education
is also subject to less change with time than income,
which is strongly linked to employment status. None-
theless, we observed similar results in our study using
household income (results not shown).

The potential limitations of this study merit dis-
cussion. First, baseline assessments on subjects in
NHANES [ were obtained more than 25 years ago.
Potentially, the relation between socioeconomic sta-
tus and CHD could have changed during this period.
Available evidence suggests, however, that socioeco-
nomic disparities in CHD mortality have increased,
not decreased, with time.?*?* Second, low-density
lipoprotein or high-density lipoprotein levels were not
assessed. Given the modest and inconsistent relation-
ship between years of education and these lipoprotein

2526 appreciable confounding by these factors

levels,
is unlikely. Third, previous studies have shown that
socioeconomic status is also associated with nontradi-
tional CHD risk factors not included in this analysis,
such as fibrinogen,?” C-reactive protein,*® apolipopro-
teins,?” hostility,2*3° psychological distress,?' social
support,® passive smoking,* and job control.>* These
unmeasured factors could account for the effect of
education on mortality. Even so, however, none of

these factors is included in ATP III guidelines, so their

relevance to the question of including education in
these guidelines is moot.

Fourth, it is possible that our findings are attribut-
able to greater modification in traditional risk factors
among more educated persons after baseline assess-
ment of these factors. For example, rates of smoking
cessation are significantly higher among those with
higher education®; higher rates of subsequent smoking
cessation by more educated persons may contribute to
their lower CHD death rate. Given the limitations of
the data, we cannot exclude this possibility; yet, if the
goal of risk-based decision models is to identify per-
sons in need of more intensive treatment, the pathway
or mechanism that produces this heightened risk is not
pertinent. The relevant question is whether the addi-
tion of a particular risk factor to the model improves
prediction of the outcome.

Last, showing that education independently pre-
dicts risk at all cholesterol levels in an observational
study does not definitively establish using a lower
treatment threshold for less-educated persons to
improve outcomes.?* Our view is that if the model
observed here is validated in other cohorts, then the
potential benefits of including low education as a risk
factor in reducing both total CHD mortality and dis-
parities in mortality likely outweigh the risks.

In summary, low socioeconomic status as measured
by fewer than 12 years of education is associated with a
CHD mortality risk comparable to traditional CHD risk
factors. Use of a low educational level to identify per-
sons at higher risk, who are not otherwise identifiable
under current guidelines, may facilitate progress toward
the elimination of socioeconomic disparities in health.

To read or post commentaries in response to this article, see it
online at http://lwww.annfammed.orglcgilcontent/full/2/5/469.

Key words: Socioeconomic factors; coronary heart disease; risk assess-
ment; socioeconomic status
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