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Background: 

Demographers have recognized for decades that mortality at the oldest ages does not 

continue to increase exponentially, but rather declines somewhat from the rates predicted by the 

Gompertz curve. This pattern is theorized to be the result of heterogeneity in mortality risk, but little 

research has examined this issue empirically.  Most work by demographers has emphasized innate, 

perhaps genetic, heterogeneity (Vaupel et al. 1979, 1998; Yashin et al. 1999).  This paper extends 

this work by hypothesizing that traditional clinical risk factors provide a good indicator of the 

heterogeneity of the population for mortality risk. Previous research suggests that a summary 

measure of clinical risk factors increases until approximately age 65 and begins to level off 

(Crimmins et al., 2003; Crimmins et al., forthcoming).  This paper extends that research by relating a 

summary measure of physiological dysregulation to mortality.  

Methods: 

Data 

The National Health and Nutrition Examination Surveys (NHANES) are nationally 

representative, cross-sectional surveys of the non-institutionalized U.S. population including 

interview, clinical examination, and laboratory test data.  Briefly, NHANES III included a stratified 

multi-stage probability sample collected between 1988 and 1994 (N=16,697).  Mortality follow-up 

data are available through 2000.  All analyses were weighted to reflect the non-institutionalized 

population of older adults in the U.S. 

Measures 

A frailty index was constructed using 10 biomarkers of risk, including three indicators of 

cardiovascular health (systolic and diastolic blood pressure and pulse); four indicators of 

metabolic risk (total cholesterol, glycated hemoglobin, body mass index, and HDL cholesterol); 

and three indicators of inflammation (fibrinogen, albumin, and C-reactive protein).  For each 

measurement, subjects were coded using clinical definitions of risk, with values outside the 

normal operating range defined as risk.  A summary measure was created by summing the 

number of biomarkers at risk levels.  Summary measures of biological risk are related to 

traditional health outcomes of old age including mortality, cardiovascular disease, and loss of 

physical and cognitive functioning (Seeman et al. 2001, 2004). 



Analysis 

 Descriptive statistics are used to observe the mean level of biological risk by age and 

differences in biological risk among participants who died versus those who lived by age for persons 

over 40.  Hazard models are used to estimate age-sex specific rates of mortality at varying levels of 

biological risk.  Age-specific rates of onset of biomarkers above risk levels among survivors are used 

to provide population estimates of the risk of inset of frailty states.  Projection models are used to 

describe the impact of mortality selection by biological risk on the surviving population.   

Preliminary results: 

Biological risk starts to increase in the population relatively early in adulthood.  The increase 

in population-level biological risk is most rapid at younger ages, continuing to rise through ages in 

the 80s and then leveling off (Figure 1).  Deaths among the NHANES III participants from the year 

of their interview though 2000 can be used to examine the differences in biological risk at the date of 

interview among those who die and those who survive through the period of NDI search (Table 1).  

The mean level of biological risk among those who have died in age groups from 40 through 90.is 

fairly similar across the ages.  Thus, those who die at 40 and those who die at 80 are similar in these 

indicators of risk, while survivors are also fairly similar across the ages.   

Conclusion 

In the population, those with the highest risk are being eliminated at all adult ages, leaving 

the surviving population at the next age group healthier than it would have been without deaths.  By 

the age of 80, those who have many risk factors are eliminated, explaining why mortality does not 

increase as expected.  Persons particularly susceptible to these indicators of biological risk have 

earlier death.  Biological risk appears to be a good indicator of the heterogeneity of frailty levels of 

the population, and provides an explanation for a previously unexpected relationship between very 

old age and mortality.   

 



Figure 1: Mean Biological Risk by Age in NHANES III 
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Table 1: Mean Biological Risk* for NHANES III (1988-1994)  

Participants by Age and 2000 Vital Status  

Age 
Mean Number of High Risk 

Biological Indicators    

 Dead Not Dead  p for difference  

       

40-49 1.89 1.22  <.0001 

50-59 2.04 1.64  0.0006 

60-69 2.09 1.77  <.0001 

70-79 2.07 1.78  <.0001 

80 and over 1.82 1.62  0.0079 
N=16,697 (those who have data on at least 4 or more indicators 
out of 10)  
* Biological risk measure based on Diastolic BP, Systolic BP, Pulse 
Rate, Total Cholesterol, Glycated Hemoglobin, BMI, HDL 
cholesterol, CRP, Albumin, Fibrinogen 

 

 

References: 

 

Crimmins, E., Johnston, M., Hayward, M., & Seeman, T.  (2003).  Age differences in allostatic load: 

an index of physiological dysregulation.  Experimental Gerontology, 38, 731-734.   

Crimmins, E.M., Johnston, M., Hayward, M., & Seeman, T. (forthcoming).  Age differences in 

allostatic load: An index of frailty. In Zeng Yi, Crimmins, E., Robine, J.M., & Carriere, Y. 

(Eds.), Longer Life and Healthy Aging.  Springer-Kluwer Press. 

Seeman, T.E., Crimmins, E., Singer, B., Bucur, A., Huang, M-H., Gruenwald, T., Berkman, L. F., & 

Reuben, D. B. (2004). Cumulative biological risk and socio-economic differences in 

mortality: MacArthur studies of successful aging. Social Science and Medicine, 58, 1965 - 

1997. 

 



Seeman, T.E., McEwen, B.S., Rowe, J.W., and Singer, B.H. (2001). Allostatic load as a marker of 

cumulative biological risk: MacArthur Studies of Successful Aging. Proceeding of the 

National Academy of Sciences of the United States of America, 98, 4770-4775. 

Vaupel, J., Carey, J., Christensen, K., Johnson, T., Yashin, A., Holm, N., Iachine, I., Kannisto, V., 

Khazaeli, A., Liedo, P., Longo, V., Zeng, Y., Manton, K., and Curtsinger, J. (1998). 

Biodemographic trajectories of longevity. Science, 280, 855-860   

Vaupel, J., Manton, K., and Stallard, E. (1979). The impact of heterogeneity in individual frailty on 

the dynamics of mortality. Demography, 16, 439-454. 

Yashin, A. I., De Benedictis, G., Vaupel, J. W., Tan, Q., Andreev, K. F., Iachine, I. A., Bonafe, M., 

DeLuca, M., Valensin, S., Carotenuto, L. and Franceschi, C. (1999). Genes, demography and 

life span: The contribution of demographic data in genetic studies of aging and longevity. 

American Journal of Human Genetics, 65, 1178-1193. 

 


