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Including Socioeconomic Status in Coronary 

Heart Disease Risk Estimation

ABSTRACT
PURPOSE Socioeconomic status (SES) predicts coronary heart disease indepen-
dently of the Framingham risk-scoring factors included in cholesterol treatment 
guidelines, possibly resulting in undertreatment of lower SES persons. We exam-
ined whether hybrid SES measures (based on area measures of income and indi-
vidual education) address this bias and derived an approach to incorporating SES 
information into treatment guidelines.

METHODS The Atherosclerosis Risk in Communities study data (initiated in 1987 
with a 10-year follow-up of 15,495 adults aged 45 to 64 years in 4 southern and 
midwestern communities) were used to assess the calibration bias of 4 Cox mod-
els predicting 10-year coronary heart disease risk: Framingham risk score alone, 
and Framingham risk score plus SES using an individual-based measure (income 
less than 150% federal poverty level or less then 12 years of schooling), and 2 
hybrid SES measures substituting area-based income measures (block group or 
zip code median incomes of less than 25th national percentiles) for the individual 
income component. Revised cholesterol treatment thresholds based on SES risk 
were also derived.

RESULTS Use of either the block group hybrid or individual-based SES measures 
eliminated the signifi cant SES bias observed using Framingham risk score alone. 
Cholesterol treatment guideline thresholds of 10% and 20% coronary heart dis-
ease risk (based on the Framingham risk score) were reduced to 6% and 13% for 
those with low SES.

CONCLUSIONS Using patient income based on block group and individual edu-
cation minimizes the SES bias in Framingham risk scoring and suggests more 
aggressive cholesterol treatment thresholds for low-SES persons.

Ann Fam Med 2010;8:447-453. doi:10.1370/afm.1167.

INTRODUCTION

F
ramingham risk scoring underestimates coronary heart disease risk 

for persons  of lower socioeconomic status (SES), because SES is an 

independent risk factor not included in Framingham risk scoring.1,2 

Consequent inappropriately high treatment thresholds for low-SES persons 

may contribute to worsening SES disparities in coronary heart disease.3 We 

have previously found that incorporating an individual-based SES measure 

(using individual patient education and household income) into coronary 

heart disease risk assessment mitigates underestimation of coronary heart 

disease risk among low SES persons determined by the Framingham risk 

score alone.2 That approach, however, required knowledge of patients’ 

household income and family size, and their conversion into a percentage 

of the federal poverty level. Clinicians may be reluctant to ask patients 

about income; patients may be reluctant to disclose the information. In 

addition, no approach to incorporating SES risk into risk-based cholesterol 

treatment decision making was provided. Here we explore alternative 

approaches to assessing SES risk (using the patient’s place of residence) and 

derive an approach to incorporating SES risk into treatment guidelines.
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Area-based SES measures (using the patient’s place 

of residence) have been used as proxies for individual 

measures in diverse situations.4-8 Indeed, area-based 

measures capture unique aspects of coronary heart 

disease risk beyond individual SES measures.9 Area-

based measures can be developed by linking the 

patient’s address to census data for that area of resi-

dence. Such measures are currently used in the United 

Kingdom to account for SES in coronary heart dis-

ease risk stratifi cation10; however, the performance of 

area measures for this purpose in the United States is 

unknown.

First, we evaluated whether substituting area-based 

measures of income (based on block group—the small-

est geographic area for which the US census publishes 

sociodemographic information—or zip code median 

income) for the individual income measure would 

enable derivation of a hybrid SES measure comparable 

to the individual-based SES measure.

Second, we derived a method of incorporating SES 

into the National Cholesterol Education Program’s 

Detection, Evaluation and Treatment of High Blood 

Cholesterol in Adults (Adult Treatment Panel III) cho-

lesterol treatment decision guidelines without revising 

the Framingham risk score or the framework of these 

treatment guidelines.

METHODS
Sample
The Atherosclerosis Risk in Communities study is a 

prospective investigation, conducted in 4 US commu-

nities, designed to examine the natural history of ath-

erosclerosis and related diseases.11 The Atherosclerosis 

Risk in Communities cohort component was initiated 

in 1987. Each Atherosclerosis Risk in Communities 

fi eld center randomly selected and recruited samples 

of approximately 4,000 individuals aged 45 to 64 

years in each of the following communities: Forsyth 

County, North Carolina (75% urban), Jackson, Missis-

sippi (100% urban), Minneapolis suburbs, Minnesota 

(100% urban), and Washington County, Maryland 

(57% urban). In 1987-1989 participant examinations 

yielded medical and sociodemographic data. Roughly 

75% of eligible respondents participated in the base-

line interview, and 80% of these participated in the 

baseline examination.12 Data regarding coronary heart 

disease events were collected through annual tele-

phone interviews, follow-up examinations, surveys of 

hospital discharge data, and death certifi cates from 

state vital statistics offi ces.11 We excluded participants 

who reported coronary heart disease or equivalents 

(stroke, peripheral vascular disease, or diabetes) at 

baseline.

Socioeconomic Status
We derived a dichotomous, individual-based measure 

of SES using income and education. We defi ned par-

ticipants to be of lower SES if they had fewer than 12 

years of schooling or had household incomes of less 

than $12,000 (corresponding to 150% of the federal 

poverty level for an average household in 1987).13

We derived median income of the participant’s 

place of residence using 1990 US census data, aggre-

gated at the block group or zip code levels. Partici-

pant addresses were mapped to census block group, 

enabling derivation of the median household income 

for the census block containing the participant’s 

address. Using national reference points, we identi-

fi ed quartiles of block group and zip code median 

household incomes. To derive the hybrid SES mea-

sures paralleling the individual measure, we identifi ed 

participants to be of lower SES if they had fewer than 

12 years of schooling or lived in a block group (block 

group–based hybrid SES) or zip code (zip code–based 

hybrid SES) in the bottom national quartile of house-

hold median income.

Framingham Risk Scoring
We used Framingham risk scoring to derive the 10-

year risk for a coronary heart disease event or death 

for men and women as proposed in the National 

Cholesterol Education Program.14 Framingham risk 

scoring uses participant age, sex, total cholesterol, 

high-density lipoprotein cholesterol, smoking status, 

systolic and diastolic blood pressure, use of antihyper-

tensive agents, family history of premature coronary 

heart disease, and coronary heart disease or equivalent 

(stroke and diabetes).

Outcome
We assessed the timing of any coronary heart disease 

event. Participants not observed to develop coronary 

heart disease within 10 years were considered censored 

(or when follow-up ended, if sooner). Subscribing to 

the Atherosclerosis Risk in Communities study crite-

ria, we based the diagnosis of incident coronary heart 

disease on electrocardiographic and cardiac enzyme 

criteria or death certifi cate data and arbitrated by an 

Atherosclerosis Risk in Communities physician panel.15

Analyses
Data were analyzed using Stata analytic software (ver-

sion 11.0, StataCorp, College Station, Texas). We con-

ducted Cox proportional hazards regression analyses, 

with survival time as the time to event or censoring. 

To increase precision, models reported here included 

both sexes. Initial models included the individual’s 

Framingham risk score of estimated risk, sex, the SES 
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measures, and all 2-way interactions. None of the 

effects for sex or interactions was statistically sig-

nifi cant, so these terms were dropped from the fi nal 

models. The proportional hazards assumption was 

supported in every analysis.

Prediction models included (1) Framingham risk 

score alone, (2) Framingham risk score plus indi-

vidual-based SES measure, (3) Framingham risk score 

plus block group–based hybrid SES measure, and (4) 

Framingham risk score plus zip code–based hybrid 

SES measure. We used the Martingale residuals from 

each model to assess the calibration of coronary heart 

disease event risk by the dichotomous SES indicators 

(both hybrid and individually based) not included in 

the model. Details of the analysis can be found in the 

 Supplemental Appendix, available online at http://

annfammed.org/cgi/content/full/8/5/447/DC1. Cali-

bration is the extent to which the model correctly 

predicts the outcome (here incident coronary heart 

disease) by group membership (here SES).

To better refl ect the infl uence of the Framingham risk 

score in the Cox models, the Framingham risk score (on 

a probability scale) was modeled as its complementary 

log-log transform (log[–log(1–Framingham risk score)]). 

We also derived Kaplan-Meier survival curves and survi-

vor functions adjusted for Framingham risk score.

We conducted sensitivity analyses stratifying by 

sex, substituting the 20th and 30th percentiles for area-

based median income for the 25th percentile, using 

income and education measure alone instead of the 

combined SES measures, and using coronary heart dis-

ease mortality rather than coronary heart disease event 

as the outcome. A further analysis examined the cali-

bration of using block group income data when it was 

available, but using zip code income when it was not.

Finally, we derived a simple method of incorporat-

ing SES risk into treatment decisions (detailed in the 

Supplemental Appendix).

RESULTS
There were 15,732 participants in Atherosclerosis Risk 

in Communities study. Excluding the 15% of partici-

pants with baseline coronary heart disease or equiva-

lents and the less than 1% of participants with missing 

Framingham risk score data elements resulted in a 

study sample of 12,945. Because of missing individual 

SES information (primarily income), there were 12,393 

persons in the individual-based SES model (3,418, or 

28%, in the lower SES category). Block group address 

mapping accomplished for 91% of the total sample 

yielded 12,032 persons in the block group–based 

hybrid SES model (4,243, or 35%, in the lower SES 

category). Zip code-based median income data were 

available for 99.9%, resulting in 12,921 persons in the 

zip code–based hybrid SES model (3,378, or 26%, in 

the lower SES category).

Descriptive sociodemographic characteristics of 

the sample are shown in Table 1. The study sample 

overrepresents those in the higher national household 

income quartiles.

In Table 2 are displayed the results of the 4 Cox 

survival models. Adding the SES measures to the sur-

vival models had little effect on the Framingham risk 

score hazard ratios (comparing upper and lower). The 

SES hazard ratios for both the individual-based and 

block group–based hybrid SES measures were signifi -

cant and similar and slightly greater than for the zip 

code–based hybrid SES measure. Supplemental Table 

1, available online at http://annfammed.org/cgi/

content/full/8/5/447/DC1, shows that the hazard 

ratios were similar for men and women in analyses 

stratifi ed by sex.

Figure 1 illustrates the impact of SES on coronary 

heart disease risk. The top 2 Kaplan-Meier curves 

show the similar effects of individual-based and block 

group–based hybrid SES. The lower survivor functions, 

adjusted for Framingham risk score, again show that the 

2 SES methods exert similar, albeit smaller, effects.

Supplemental Table 2, available online at http://

annfammed.org/cgi/content/full/8/5/447/DC1, 

summarizes the calibration analyses with the sur-

vival model using Framingham risk score alone; SES 

calibration bias when assessed by all SES measures was 

Table 1. Sociodemographic Characteristics 
of the Study Sample

Characteristic Value

Eligible sample, No. 12,945

Age, mean years (SD, range) 53.9 (5.7, 45-64)

Female, % 56.2

Black, % 23.5

<12 years education, % 21.1

<$12,000 income, % 13

Quartiles of national median house-
hold zip code income, % 
<$20,230 8.9

$20,230-<$25,200 14.0

$25,200-<$32,266 30.6

>$32,266 46.5

Quartiles of national median house-
hold block group income, %
<$20,463 16.4

$20,463-<$27,857 16.7

$2,7857-<$38,250 32.1

>$38,250 34.8

Notes: Eligible sample includes participants without baseline coronary heart 
disease stroke, peripheral vascular disease, or diabetes, and no missing Fram-
ingham risk score elements.
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signifi cant (P <.001). Coronary heart disease predic-

tion was overestimated by 17.5% in those with higher 

individual-based SES and underestimated by 24% in 

those with lower individual-based SES; calibration bias 

assessed by block group–based hybrid SES calibration 

was similar.

Supplemental Table 3, available online at 

http://annfammed.org/cgi/content/full/8/5/447/

DC1, summarizes the calibration analyses with the 

3 survival models using Framingham risk score and 

SES adjustments. SES calibration bias was reduced 

when assessed by the SES measures not in the model. 

The SES calibration bias for both individual-based and 

block group–based hybrid SES prediction models was 

not clinically or statistically signifi cant. The SES cali-

bration bias in the zip code-based hybrid SES model 

was reduced (when assessed by the SES measures not 

in the model), but remained statistically signifi cant.

Figure 1. Kaplan-Meier and Framingham risk score–adjusted survival curves for coronary heart disease 
event, by individual-based and block group–based hybrid SES.

FRS = Framingham risk score; SES = socioeconomic status. 
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Table 2. Cox Survival Analyses of Coronary Heart Disease Risk Prediction Using Framingham Risk 
Scoring SES Adjustment and With Individually Based and Hybrid SES Adjustment

Survival Analysis

Individual-Based SES
(n = 12,393)

Block Group–Based Hybrid SES
(n = 12,032)

Zip Code–Based Hybrid SES
(n = 12,921)

Hazard Ratio 
(95% CI) P Value

Hazard Ratio 
(95% CI) P Value 

Hazard Ratio 
(95% CI) P Value 

Framingham risk score alone

Framingham risk score 2.34 (2.12-2.57) <.01 2.29 (2.08-2.52) <.01 2.33 (2.12-2.55) <.01

Framingham risk score + SES

Framingham risk score 2.30 (2.09-2.53) <.01 2.25 (2.04-2.47) <.01 2.30 (2.09-2.52) <.01

Lower SESa 1.60 (1.34-1.92) <.01 1.58 (1.32-1.89) <.01 1.42 (1.18-1.70) <.01

SES = socioeconomic status. 

Note: Framingham risk score is complementary log-log transformed: log[–log (1–Framingham risk score)]. 

a Individually based, block group–based hybrid, or zip code–based hybrid SES adjustment.



ANNALS OF FAMILY MEDICINE ✦ WWW.ANNFAMMED.ORG ✦ VOL. 8, NO. 5 ✦ SEPTEMBER/OCTOBER 2010

451

SES AND CORONARY HEART DISEASE R ISK

Sensitivity analyses examined coronary heart 

disease mortality only and by substituting the 20th 

and 30th percentiles as thresholds for the area-based 

income measures. The results of all these analyses were 

consistent with those presented. Analyses using edu-

cation or individual- or area-based income measures 

alone did not eliminate the signifi cant SES bias in coro-

nary heart disease prediction. The strategy of using 

block group information when available, but zip code 

information when it was not, also eliminated the SES 

bias in coronary heart disease prediction.

The hazard ratios for lower SES (individual-based 

or block group–based hybrid) mean that the nominal 

coronary heart disease thresholds of 10% and 20% 

predicted by the Framingham risk score are reached 

for lower SES persons when their predicted coronary 

heart disease risks are 6% and 13%, respectively.

Coronary heart disease risk predicted by the Fram-

ingham risk score among those with more than 2 risk 

factors was more likely among lower than higher SES 

persons. Overall, only 3% of those with more than 

2 risk factors had a predicted coronary heart disease 

risk of greater than 10% (the lower Adult Treatment 

Panel III threshold). Among lower SES persons, how-

ever, 5% of those with more than 1 risk factor had a 

predicted coronary heart disease risk above 6% (the 

proposed modifi ed lower treatment threshold for lower 

SES persons.

DISCUSSION
Block group–based hybrid and individual-based SES 

measures eliminated and the zip code-based SES 

reduced the SES bias in coronary heart disease risk 

estimation resulting from using Framingham risk scor-

ing alone. Further, current Adult Treatment Panel III 

cholesterol treatment guidelines recommend Framing-

ham risk scoring only when 2 or more risk factors are 

present (since there is a low probability of coronary 

heart disease with fewer than 2 risk factors). To be 

consistent with these guidelines, the current analyses 

suggested that the Framingham risk score should be 

calculated for lower SES persons if they have 1 or more 

risk factors. Finally, cholesterol treatment risk thresh-

olds of 10% and 20% should be lowered to 6% and 

13% for lower SES persons.

These fi ndings represent the fi rst US analyses on 

the potential for using area-based SES in coronary 

heart disease risk estimation. Findings from the United 

Kingdom have shown that cardiovascular risk tools 

that include area-based SES mitigate SES bias in risk 

assessment.1,16,17 Though area and individual measures 

capture different aspects of SES, 9 the hybrid block 

group–based measure appeared to capture the entire 

SES hazard associated with the individual-based SES 

measure.

The zip code-based hybrid measure reduced, but 

did not eliminate, the SES bias. This measure is easier 

to derive than the block group–based measure, since it 

does not require address mapping and generates fewer 

missing data.

We developed an approach to incorporating SES 

into cardiac risk stratifi cation based on the well-vali-

dated and familiar Framingham risk score. The modifi -

cations should be easy for clinicians to accommodate. 

In the United Kingdom, by contrast, the QRISK and 

ASSIGN systems incorporate SES risk directly into 

the risk calculation, completely replacing the Framing-

ham risk scoring1,10; a user-friendly tool for estimating 

cardiovascular risk incorporating patient SES based on 

UK postal codes is available (http://www.qrisk.org).

The study has notable strengths and limitations. 

The results are based on a diverse cohort of middle-

aged persons free of coronary heart disease at baseline. 

Coronary heart disease risk factors and SES were 

assessed at baseline; coronary heart disease events were 

prospectively assessed using predefi ned criteria. Mis-

classifi cation of SES resulting from incorrect addresses 

would tend to bias results toward the null.

As with most longitudinal studies of coronary heart 

disease (including Framingham), this study had limited 

power to assess the impact on women apart from men; 

women have lower rates of coronary heart disease. We 

found no evidence of signifi cant interactions between 

sex and SES or Framingham risk score on coronary 

heart disease risk, and analyses stratifi ed by sex yielded 

consistent results.

The use of dichotomies to describe SES risk is an 

oversimplifi cation because SES exerts its effects in a 

graded fashion. We used dichotomies to enable devel-

opment of clinically manageable cut points.

In this study, address mapping and income data 

collection were incomplete. When data are missing, 

alternative measures of SES will be needed (such as 

insurance status, occupation, zip code SES data, or 

housing information). The strategy of using block 

group information or, if not available, zip code infor-

mation, minimized miscalibration when tested using 

the individual-based SES measure.

We found the area-based SES used was robust to 

different choices of cut point for identifi cation of low 

income, and to restricting the outcome to death from 

coronary heart disease. It would be helpful, however, 

to validate the fi ndings in an independent data set and 

with different census data to determine whether using 

the 25th percentile provides a stable estimate of SES 

risk for coronary heart disease over time.

The method proposed for using area-based income 



ANNALS OF FAMILY MEDICINE ✦ WWW.ANNFAMMED.ORG ✦ VOL. 8, NO. 5 ✦ SEPTEMBER/OCTOBER 2010

452

SES AND CORONARY HEART DISEASE R ISK

measures avoids some of the challenges of deriving an 

individual-based income measure (primarily privacy 

concerns and the need to convert household income 

information into a percentage of the federal poverty 

level). But the area-based method presents technical 

problems (requiring mapping patients’ addresses).18 The 

advent of electronic medical records could facilitate 

automatic generation of this information; development 

of such systems will require suffi cient consensus that 

the approach outlined here is warranted. Before such 

systems become available, physicians could obtain 

area-based income information for their area by down-

loading the information from the US Census Web site, 

commercial vendors, or local academic institutions. 

Physicians could also develop local maps highlight-

ing low-income block group or zip code areas (such 

as those used to indicate water fl uoridation levels to 

determine appropriate supplementation).

These fi ndings have potentially important clini-

cal implications for reducing coronary heart disease 

disparities.19 As with other sociodemographic risk 

factors, such as age and sex, the relationship between 

SES and coronary heart disease risk is likely com-

plex. Emerging evidence points to lifelong material, 

psychosocial, and behavioral pathways that affect 

aging-related processes.20,21 Although the concept of 

treating SES-related risk may seem misdirected at fi rst, 

minimizing the disparity in coronary heart disease will 

likely require a multipronged approach that addresses 

both current, remediable, intervening risk factors, eg, 

behavioral risk factors, health care access, and afford-

ability, in addition to use of pharmacotherapy based 

on realistic estimates of coronary heart disease risk.22 

Even though our analyses do not address differences 

in SES-based statin use,23 the growing availability 

of low-cost statins may promote diffusion to lower 

SES groups.24

It is unknown whether lower treatment thresholds 

for lower SES persons will reduce growing SES dis-

parities in coronary heart disease. It is unlikely that 

randomized trials will be conducted to address this 

question. Furthermore, it will be diffi cult to conduct 

appropriate new observational studies on coronary 

heart disease risks in an era of widespread use of 

statins. The fi ndings suggest, however, a plausible, 

low-risk clinical strategy absent more defi nitive infor-

mation. Patients who either did not graduate from 

high school or live in a low-income area (or have low 

household income) with Framingham risk scores of 6% 

or 13% should be managed as if their Framingham risk 

score was 10% or 20%. Consistent with Adult Treat-

ment Panel III guidelines, lower SES persons should 

have their Framingham risk scores calculated if they 

have 1 or more risk factors. Incorporating SES risk into 

coronary heart disease risk stratifi cation will reduce the 

SES bias involved in using the Framingham risk score 

alone. In turn, such an approach to the management of 

coronary heart disease risk may help reduce the grow-

ing socioeconomic disparity in coronary heart disease.

To read or post commentaries in response to this article, see it 
online at http://www.annfammed.org/cgi/content/full/8/5/447.
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miology; risk factors
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