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                  PEOPLE who have less education and who are poorer are 
more likely to experience earlier disease onset, loss of 

functioning, and physical impairment ( 1  –  4 ). Hayward and 
his colleagues have reported onset of diseases and death 
5 – 10 years earlier for persons with lower socioeconomic 
status (SES) ( 1 , 2 ). The average number of biological risk 
factors indicating physiological dysregulation is also higher 
for poorer people and people with less education ( 5 , 6 ). 
Many scholars report that SES differentials in health and 
mortality are reduced at older ages ( 2 , 7  –  10 ). It is also true 
that race or ethnic differences in mortality are relatively 
small at the oldest ages ( 11 , 12 ). Population levels of bio-
logical risk also level off at older ages ( 7 ). 

 This article investigates socioeconomic differences by 
age in an indicator of biological risk or physiological dys-
regulation and how both poverty and biological risk are re-
lated to morality. Our hypothesis is that socioeconomic 
differences in health are reduced at older ages because per-
sons who are poor and who have higher biological risk die 
at younger ages and those with less risk are more likely to 
survive to old age. Our intent is to indicate the way in which 
differentials over the life cycle affect the composition of the 
surviving population at older ages to show that we are com-
paring very different groups late in the life cycle than at 
younger ages. We examine differences in the age patterning 
of risk factors that characterize physiological changes asso-
ciated with aging by poverty status in samples representa-
tive of the U.S. community-dwelling population. These 

biological risk factors have been related to the major health 
outcomes in old age: mortality, loss of cognitive and physi-
cal function, and cardiovascular disease ( 13 ). Clearly, phys-
iological aging involves changes in a variety of physiological 
systems including the cardiovascular, metabolic, and im-
mune systems. Often these changes are not independent; as 
changes in one system can be accompanied by changes in 
other systems. We believe that higher levels of biological 
risk at younger ages among those in poverty indicate earlier 
onset of the physiological changes, distinct from, but com-
monly associated with aging. In turn, the convergence of 
biological risk at the oldest ages results from survival of the 
fi ttest or those without high levels of biological risk ( 14 ). 
Our population-based results have important implications 
for how we interpret population-level SES differences across 
the age range in risk factors and other health indicators.  

 Methods 
 Levels of biological risk are indicated using data from 

two National Health and Nutrition Examination Survey 
(NHANES) samples that include survey data, laboratory 
analysis, and clinical exams for a representative sample of 
the U.S. noninstitutionalized population of all ages although 
we limit our analysis to those aged 20 and older, which is 
near the bottom range of ages when these biological risks 
start to appear. While the samples are weighted to represent 
the community-dwelling populations in the United States, 
they are ethnically diverse. There are substantial numbers of 
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African Americans and Latino Americans, most of whom 
are Mexican Americans ( Table 1 ).     

 The NHANES data from 1999 – 2004 are used to indicate 
current differentials in biological risk. The NHANES III 
data collected from 1988 to 1994 are used both to indicate 
the consistency of age differentials by poverty status in bio-
logical risk over time and to link poverty and biological risk 
to mortality. The NHANES III sample has been linked to 
the National Death Index from the time of the survey up 
through 2000, so we can examine the proportions dying by 
age, poverty status, and biological risk to clarify how bio-
logical risk is linked to mortality and how differentials in 
biological risk change with age in the population if the 
cross-sectional relationships were to occur in real cohorts. 
Some people are followed for death for up to 12 years after 
examination; on average, the length of time from interview 
to the end of the follow-up period is about 8.3 years. In our 
sample, 9% or 2,134 persons are reported dead. 

 The NHANES 1999 – 2004 sample included 12,953 peo-
ple aged 20 and older who participated in the exam and 
laboratory parts of the study and for whom poverty status is 
known, and the NHANES III sample included 14,912 per-
sons. To be retained in the NHANES III sample, mortality 
status needed to be known and those who died from external 
causes (eg, accident or violence) were eliminated from the 
sample. Our analysis is based on those who have informa-
tion on at least fi ve of the nine indicators of biological risk 
included in our analysis ( N    =   12,752 in NHANES 1999 –
 2004;  N    =   14,912 in NHANES III). In NHANES 1999 –
 2004, those missing are more likely to be younger ( p    =   .0245) 
and black ( p  < .0001), but they did not differ in gender. 
About 5.7% of those whose household income was in the 
low category and 3.8% of those with higher income were 
excluded because of insuffi cient data on biological markers 
( p    =   <.0001). In NHANES III, those missing are not signifi -
cantly different from those included in our analysis in age. 

 We examined nine indicators of physiological status all 
of which are recognized as risk factors for disease and 

 Table 2.        High-Risk Cut Point for Risk Factors in NHANES III and 
1999 – 2004  

  Indicator
High-Risk Cut Point 

(with source for cut point)  

  Systolic blood pressure a  ≥ 140 mm Hg ( 15 ) 
 Diastolic blood pressure a  ≥ 90 mm Hg ( 15 ) 
 Pulse rate at 60 s  ≥ 90 
 Total cholesterol b  ≥ 240 mg/dL ( 16 ) 
 High-density lipoprotein-cholesterol b <40 mg/dL ( 16 ) 
 Body mass index c  ≥ 30 kg/m ( 17 ) 
 Glycated hemoglobin d  ≥ 6.4% ( 18 ) 
 C-reactive protein e >3.0 mg/L ( 19 ) 
 Albumin <3.8 g/dL ( 20 )  

    Notes:  NHANES = National Health and Nutrition Examination Survey.  
  a       Average of one to three sets of blood pressure measurements.  
  b       Hitachi 737 Analyzer/Boehringer-Mannheim Diagnostics (Roche, India-

napolis, IN)   .  
  c       Exam weight, standard anthropometry.  
  d       Boronate affi nity chromotagraphy.  
  e       Enzyme-linked immunosorbent assay: low sensitivity in NHANES III 

and high sensitivity in NHANES 1999 – 2004.   

 Table 1.        Characteristics of the Samples  

  NHANES III 
( N    =   14,912)

NHANES 1999 – 2004 
( N    =   12,752)  

  Mean age, y 44.43 ( SD    =   18.47) 45.59 ( SD    =   15.32) 
 Died (before 2000), % 9.14  
 Female, % 52.14 51.92 
 White (and others), % 80.55 75.93 
 Black, % 10.62 10.37 
 Hispanic, % 8.83 13.69 
 Poor (poverty ratio  ≤ 1.25), % 17.54 21.60 
 Current smoking, % 28.46  
 Heavy drinking, % 10.75  
 No exercise, % 61.12  
 Low BMI (<18.5), % 2.45  
 High BMI(>   =   30), % 22.22   

    Note:  NHANES = National Health and Nutrition Examination Survey; 
SD = standard deviation; BMI = body mass index.   

mortality: systolic blood pressure, diastolic blood pressure, 
pulse, total cholesterol, high-density lipoprotein-cholesterol, 
body mass index, glycated hemoglobin, C-reactive protein, 
and albumin. For each of these individual indicators, values 
in the range regarded as clinically signifi cant (or empiri-
cally defi ned through other studies if no clinical cut point 
exists) are coded as at high risk.  Table 2  indicates the defi ni-
tions of high risk and sources of the cut points used to di-
vide each person’s measured value into high risk or not. For 
each individual, our index of biological risk is the number 
of factors an individual has measured as in the high-risk 
range. Although more complex approaches to creating an 
index of biological risk such as unequal weighting of fac-
tors and recursive partitioning techniques may marginally 
increase predictive ability ( 21 ), there are no major differ-
ences in predicting health outcomes with the simple count 
of high-risk markers and the more complex approaches. The 
simple summed measure is more easily interpreted across 
populations and subgroups ( 22 ).     

 For those who are missing on any of the nine biomarkers 
examined in our analysis, summary scores were calculated 
assuming that the ratio of high-risk scores was the same for 
the missing markers as for those available. Results were ex-
amined with and without these imputations and none of the 
conclusions is changed by the imputation procedures. 

 We examine differences in biological risk for those liv-
ing in families with incomes below or near poverty (within 
125%) and those living above poverty. Although there are 
many indicators of SES, not all are appropriate for examin-
ing differences across a wide range of ages. For instance, a 
specifi c educational level may indicate a different relative 
place in the educational hierarchy for a 20-year-old and an 
80-year-old. The meaning of family income may also be 
very different depending on the number of family mem-
bers dependent on it. In contrast, poverty status has a rela-
tively similar meaning at different ages. NHANES provides 
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the ratio of reported current family income to the poverty 
level income for a family of the specifi ed size and compo-
sition. Reported total family income is combined income 
for respondents and the other members of their family in 
dollars. We divide the sample into those who live within 
125% of poverty status (and we call these poverty and near 
poverty) and those with higher incomes. We use 125% 
rather than the poverty line because more older people live 
above, but close to, the poverty line and the 1.25 defi nition 
appears to be the best way to compare groups across ages 
( 23 , 24 ). 

 We examine current smoking status, heavy drinking, and 
no exercise as covariates that might mediate the effect of 
poverty on death. Heavy drinking is defi ned by reporting 
consuming fi ve or more drinks on an average drinking day 
during the past 12 months. No exercise is defi ned as report-
ing not engaging in any vigorous or moderate exercise for at 
least 10 minutes during the past 30 days. Examples of exer-
cise include running, lap swimming, aerobics classes, fast 
bicycling, brisk walking, bicycling for pleasure, golf, and 
dancing. 

 Sample data are weighted in our analysis to refl ect the 
national noninstitutionalized population. Our analysis con-
sists of examination of differences in the mean number of 
risk factors by age, the proportion dying by age in the two 
income categories, and the level of biological risk among 
those who survive and those who die. The signifi cance of 
the differences in means and percentages is examined con-
trolling for the design effect arising from the cluster sample 
design of NHANES. We then test effect of both poverty and 
biological risk on mortality using a series of hazard models. 
The models introduce a series of controls to clarify the sta-
bility of the relationships between poverty, poverty and age, 
and biological risk and death. We then use the results of the 
hazard models to calculate mortality rates and life tables 
and clarify how strongly life table cohort survival is related 
to poverty and biological risk.   

 Results  

 Age Patterns of Biological Risk 
 Examination of age patterns in average biological risk by 

poverty status provides an example of the narrowing of 
health differentials that occurs with age. The number of in-
dicators of biological high risk increases with age among 
those who are poor and those who have incomes above pov-
erty ( Figure 1 ), but the increase with age is greater at younger 
ages for those living in or near poverty. People who are poor 
have higher levels of biological risk than those who are not 
poor during their 20s (only in NHANES III), and 30s, 40s, 
50s, 60s, and 70s (only in NHANES III). A person in his or 
her 40s who lives in or near poverty has a level of biological 
risk similar to that of a person about 60 in a better-off 
family. The differences maximize in middle age and then 

decline so that at older ages, 70s and older in NHANES 
1999 – 2004 and 80s and older in NHANES III, population 
levels of biological risk are similar for both income catego-
ries. Age patterns of biological risk are fairly similar in the 
two studies except that there was a signifi cantly higher level 
of biological risk among those in their 20s and 70s in the 
earlier study. The pattern of age differences is also shown in 
the ratio of the number of biological risk factors at the high-
risk level among the poor and the better off ( Table 3 ).           

 Mortality by Poverty Status and Biological Risk 
 We now examine the links between poverty, biological risk, 

and mortality, fi rst descriptively and then in a model-based 
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 Figure 1.        Mean number of high-risk biological risk factors by poverty status 
and age. ( a ) National Health and Nutrition Examination Survey (NHANES) 
1999 – 2004; ( b ) NHANES III 1988 – 1994.       
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analysis. The percent dying before the year 2000 by income 
group and age for those in the NHANES III sample is shown 
in  Table 4 . We fi nd signifi cant differences in mortality by 
income for those at all ages below 70 but not above. The 
percent dying in an age group is two to four times higher 
among the poor.     

  Figure 2  indicates the higher biological risk among those 
who die relative to those who survive. The highest levels of 
biological risk as indicated by these nine factors occur among 
those who die before old age. Although the top line indicat-
ing the average number of risk factors for the poor who die in 
the years after their exam appears to be higher than the line 
indicating the average number of risk factors for those non- 
poor who die, the differences are not statistically signifi cant. 
Among those who survive through 2000, the poor have higher 
risk than the nonpoor survivors at most ages before 80.     

 Results from hazard models predicting death are shown 
in  Table 5 . Model 1 includes sex, age, poverty status, age-
poverty interaction, and the number of biological risk fac-
tors. We also included an interaction between poverty level 
and biological risk but eliminated it because it was not sig-
nifi cant. Models 2 and 3 include controls for health behav-
iors and race/ethnicity to see how the inclusion of these 
variables affects the odds ratios in model 1. If poverty and 
the number of biological risk factors were no longer signifi -
cant in models 2 and 3, health behaviors or race/ethnicity, or 
both, would be the determinants of the differential mortality 
and they would be the reason that we have observed mortal-
ity differentials by both biological risk and poverty.     

 The effects in model 1 are as expected from the earlier 
analysis; all variables are signifi cant. People with more bio-
logical risk, who live in or near poverty, or who are older are 
more likely to die but age attenuates the effect of poverty. 
Model 2 controls for smoking, heavy drinking, exercise, 
overweight, and underweight. Again, the results are gener-
ally as expected, although heavy drinking and exercise are 
not signifi cantly related to mortality. The odds ratios on the 
variables of major interest — poverty, age by poverty inter-
action, and biological risk — are little affected by the 
inclusion of health behaviors. There is also little effect on 
these variables of adding race and Hispanic ethnicity to the 

equation, although black people have higher mortality and 
Hispanics lower mortality even with controls for poverty 
status and biological risk. 

 Using the coeffi cients from a hazard model containing 
variables included in model 1 in  Table 5 , we estimate age-
specifi c mortality schedules for subgroups of the popula-
tion: men and women who are poor and not poor, and who 
have three levels of biological risk factors: 0, 1.5 (which is 
close to the population average), and 3 (which is the average 
among people who are poor and die in their 50s). These 
mortality rates are then used to build a set of life tables to 
see the effects of sex, poverty, and biological risk on aver-
age life expectancy at age 20 and to determine the expected 
survivors out of a group of 100,000 at each age above 20. 
These calculations are done assuming that the cross-
sectional age-specifi c mortality schedules characterize a hy-
pothetical cohort that experiences all the age-specifi c rates; 
thus, they may not characterize the actual life experience of 
any one cohort. This method, however, is an effi cient way to 
clarify the size of the life cycle effects implied by the differ-
ences observed in the cross-section. 
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 Figure 2.        Biological risk for those who die before 2000 and those still alive 
in 2000 by poverty status.    

 Table 3.        Ratio of Measured Number of High-Risk Biological Risk 
Factors for the Poor to the Nonpoor  

  Ages (y) NHANES 1999 – 2004 NHANES III 1988 – 1994  

  20 – 29 1.07 1.37 a  
 30 – 39 1.32 a 1.38 a  
 40 – 49 1.32 a 1.32 a  
 50 – 59 1.38 a 1.26 a  
 60 – 69 1.23 a 1.20 a  
 70 – 79 1.08 1.15 a  
 80+ 1.06 1.02 
  N 12,752 14,912  

    Notes:  NHANES = National Health and Nutrition Examination Survey.  
  a       Signifi cant difference at the .05 level in the numbers used to compute the 

ratio.   

 Table 4.        Percent in Age Group Dying by 2000 by Poverty Status: 
NHANES III  

  Ages (y) Poor Nonpoor
Ratio Poor/

Nonpoor  p  for Difference  

  20 – 29 1.34 0.52 2.58 a .0097 
 30 – 39 2.26 0.57 3.96 a <.0001 
 40 – 49 5.42 3.08 1.76 a .0170 
 50 – 59 20.19 7.07 2.86 a <.0001 
 60 – 69 31.42 17.73 1.77 a <.0001 
 70 – 79 41.00 35.06 1.17 .0772 
 80+ 65.37 67.23 0.97 .6758  

    Notes:  NHANES = National Health and Nutrition Examination Survey.  
  a       Signifi cant difference at the .05 level in the numbers used to compute the 

ratio.   
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 Being poor has the largest effect on life expectancy. The 
poor have life expectancy about 20 years shorter than the 
nonpoor in any of the subgroups similar in biological risk 
and sex ( Figure 3 ). This is fi ve times greater than the effect 
of sex — 4 years. Those at high biological risk have a life 
expectancy that is 6 years shorter than those at low biologi-
cal risk with similar poverty status and sex.     

 The number of survivors in the life table is computed as-
suming that each group begins at age 20 with 100,000 

people ( Figure 4 ). The survival curves for poor men and 
women are on the left and the curves for the nonpoor are on 
the right. The age at which only 50% of the cohort reaching 
20 is still alive ranges from 53 for men who are poor and 
have a high number of biological risk factors to 84 for 
women who are not poor and have no risk factors. If a group 
of men experienced the current mortality of the poor 
throughout their adult lives, almost none would make it to 
age 80, and this is true no matter what level of biological 

 Table 5.        Odds Ratios (ORs) Predicting Death: NHANES III  

  Model 1 Model 2 Model 3 

 OR  p OR  p OR  p   

  Age (y) 1.07 .0000 1.08 .0000 1.08 .0000 
 Female 0.64 .0000 0.65 .0000 0.65 .0000 
 Poor 6.99 .0000 5.56 .0002 5.92 .0002 
 Age-poor interaction 1.02 .0001 1.02 .0008 1.02 .0006 
 Number of biological risk factors 1.22 .0001 1.26 .0000 1.27 .0000 
 Current smoking 1.78 .0000 1.75 .0000 
 Heavy drinking 1.34 .1327 1.37 .1013 
 No exercise 1.08 .4421 1.08 .4280 

 Normal BMI is reference  

     Low BMI (<18.5) 1.86 .0034 1.93 .0019 
     High BMI ( ≥ 30) 0.80 .0075 0.76 .0020 

 White is reference a  

     Black 1.20 .0277 
     Hispanic 0.69 .0018 
  N 14,912 14,443 14,443 
 Approximate chi square 
  ( − 2 log L ratio) ( df )

3,204.50 (5) 3,203.07 (10) 3,223.78 (12)  

    Notes:  NHANES = National Health and Nutrition Examination Survey; BMI = body mass index.  
  a       White    includes race or ethnic groups other than black and Hispanic.   
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 Figure 3.        Estimated life expectancy at age 20 for poor and nonpoor, men and women, by number of biological risk factors.    
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risk they have. For poor women, the results are almost as 
bad; with no biological risk factors, about 4% (4,379) would 
make it to age 80 and with high levels of risk, less than 1% 
(287) would live to 80. If men are not poor and have no 
high-risk factors, almost half (49,406) will make it to age 
80; this is true for 63% of women (62,592). This exercise 
demonstrates the effect of experiencing large differentials in 
mortality across the life span and clarifi es how the popula-
tion is increasingly selected for higher SES and lower bio-
logical risk as age increases. We have long recognized how 
the population becomes increasingly female, but survivors 
are also increasingly better off socioeconomically as well as 
biologically.        

 Discussion 
 This study demonstrates that socially patterned heterogene-

ity in population health relates to social patterning in mortality. 
Biological risk increases with age but increases more rapidly 
among those who are poor, yielding signifi cantly higher levels 
for the poor from ages 30 through 60, with maximum differ-
ences seen in the 50s and 60s. We test the hypothesis that re-
duced health differentials by social status at older ages result 
from the elimination of persons with high levels of biological 
risk through death. People with high levels of risk die at younger 
ages, and this results in a greater similarity in biological risk by 
social status among those who reach old age. Early-life differ-
entials in biological risk are the cause of late-life similarity ( 7 ). 
We also observe mortality differences by poverty status that 
maximize at ages in the 50s and become similar across socio-
economic groups at the oldest ages. One of the explanations for 
reductions in socioeconomic differentials in heath at older ages 

is survival of the fi ttest (ie, those who are not poor and those 
with the least biological risk even among the poor). 

 People have speculated about the lack of differentials in 
older age, attributing the selection of healthy people to dif-
ferences in  “ frailty ”  usually implying that frailty is a 
randomly distributed characteristic ( 25 ). We would suggest 
that poverty and biological risk factors are an indicator of 
frailty or vulnerability of population members and that they 
are anything but randomly distributed but that their distri-
bution is highly socially determined ( 6 ). We should note 
that our indicator of biological risk includes indicators rel-
evant to the onset of chronic conditions more commonly 
associated with old age. We do not include indicators of 
diseases such as human immunodefi ciency virus and other 
infectious conditions that are more common among younger 
people. 

 We should also clarify that our analysis of differentials in 
measured biological risk and mortality within a survey 
eliminates some ways in which data quality could affect 
changing age differentials by SES. There should not be a 
problem with age misstatement of older people as the age of 
the person is the age reported by the person while alive at 
exam, not an age that is reported on a death certifi cate. In 
addition, biological risk is a measured indicator of health 
not a self-reported indicator that could be affected by social 
and cultural factors. 

 We note that our measurement has limitations. Income is 
current income, rather than permanent or lifetime income. 
As such there may be differences across age in the link be-
tween current and permanent income. It is also possible that 
income is affected by living arrangements so that poverty 
status could be affected. For instance, people could move in 

  

 Figure 4.        Number of survivors (out of 100,000 alive at age 20) for poor and nonpoor, men and women, by number of biological risk factors.    
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with other family members in order to escape poverty. It is 
also true that our measures of smoking, drinking, and exer-
cise refl ect current rather than lifetime conditions. However, 
when we included lifetime smoking, calculated as years of 
smoking, rather than current smoking, the effect of smoking 
on death was not meaningfully different in our models. 
Better indicators of lifetime conditions of health behaviors 
may need to be examined in further studies. 

 Our results make clear why social differentials need to be 
analyzed in a life course perspective. Studying only the 
older population will result in very different conclusions 
about health differentials than studying the population from 
younger ages. One should not interpret the lack of social 
differentials in old age as resulting from equality of treat-
ment at older ages. Although we have demonstrated the 
magnitude of the lifetime effects that could be generated by 
observed differentials, we need to be somewhat cautious in 
our suggested interpretation of these data as we are examin-
ing age differences in different cohorts rather than age dif-
ferences in the life cycle of one cohort.     
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