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Summary:

Background:

Psychosocial stress is posited as one of the primary pathways linking socioeconomic status
(SES) to health outcomes, via sustained activation of stress-related autonomic and
neuroendocrine responses, especially elevated levels of cortisol. To date, little population-level

work has tested the relationship between SES and biological markers of these stress responses.

Methods:

We analyzed data from a national survey of 972 middle-aged and elderly respondents in Taiwan
including survey, clinical, and biological measures. We tested the relationships between SES, as
measured by education and income, and 13 biomarkers representing functioning of the
neuroendocrine system, immune/inflammatory systems, and the cardiovascular system. We also
examined whether these biomarkers account for the observed relationship between SES and self-

reported health and mobility difficulties in our sample.

Findings:

Lower SES men have greater odds of falling into the highest risk quartile for only 2 of 13
biomarkers, and show a lower risk for 3 of the 13 biomarkers, with no association between SES
and cortisol. Lower SES women have a higher risk for many of the cardiovascular risk factors,
but a lower risk for elevated readings of epinephrine, norepinephrine, and cortisol. Inclusion of
all 13 biological markers does not explain the relationship between SES and health outcomes in

our sample.



Interpretation:
These data do not support the hypothesis that stress, via sustained activation of the body’s stress
response, is an important mediator in the relationship between socioeconomic status and health.

Most notably, lower SES is not associated with higher levels of cortisol in either men or women.



Introduction

Much attention has been paid to the relationship between socioeconomic status (SES) and
health, but the mechanisms linking the social and the physical are not well understood. With the
seeming inadequacy of either differences in medical care or health-related behaviors to explain
the gradient, psychosocial stress has emerged as a leading contender for translating low social
status into poor health (1-3). It is postulated that lower status individuals are more likely to
experience both chronic and acute stress in their lives, and numerous studies have provided
empirical support for the idea that lower socioeconomic status is associated with more reported
life stress (4-6). Studies of non-human primates have shown that lower status animals often
show elevated basal cortisol levels, lower levels of HDL cholesterol, more signs of coronary
heart disease, and more susceptibility to infection (7-10). Proponents of the idea that stress
mediates the SES-health relationship suggest that the physical pathways through which low
status harms health operate in much the same way in humans as they do in other primates. It is
postulated that the experience of low social status elicits sustained activation of stress-related
autonomic and neuroendocrine responses, with elevated levels of cortisol the most commonly
mentioned mechanism through which low status damages health (11,12,13).

While substantial work has linked lower SES to several cardiovascular risk factors such
as blood pressure, waist-to-hip ratio, cholesterol, and fibrinogen (14), much less work has related
neuroendocrine markers of stress to SES in humans, and the results have been mixed. An
analysis of 200 Whitehall participants found that resting blood pressure, heart rate, and salivary
cortisol do not differ by employment grade, while average cortisol over the workday was
significantly higher for lower grade men but significantly lower for lower grade women (15). A

study of 767 adults in Germany found positive associations between morning salivary cortisol



concentrations and levels of education and occupational status (16), while a study of 150 men
from Lithuania and Sweden found that low social class was related to high early morning levels
of salivary cortisol (17). Inasample of 217 Canadian children, children of low socioeconomic
status were found to have significantly higher morning salivary cortisol levels than children with
high socioeconomic status (18).

Recent work has utilized the concept of allostatic load (AL), which refers to the
cumulative physiological toll exacted on the body across multiple systems through repeated or
chronic environmental challenges (19-21). Findings suggest that higher allostatic load is
associated with lower levels of education in the MacArthur Studies of Successful Aging, and that
this association accounts for roughly a third of the relationship between education and mortality
in that sample. Importantly however, this relationship seems to be driven primarily by the
cardiovascular risk components and inflammatory markers comprising allostatic load rather than
the stress hormones (22, 23). Most of these studies have come from small or specially selected
samples that may not be representative of the population at large, and all have been from
Western populations. This paper will test the relationship between SES and a broad set of
markers that have been proposed to reflect the physiological effects of stress in representative
sample of middle-aged and elderly persons in Taiwan. We then examine whether these
biomarkers can explain part or all of the observed relationship between SES and health
outcomes. The biomarkers include measures of sympathetic nervous system (SNS) and
hypothalamic pituitary—adrenal (HPA) axis functioning, immune/inflammatory markers, and

cardiovascular disease risk factors.



Methods
Study Population

Data for this study come from the 2000 Social Environment and Biomarkers Aging Study
(SEBAS), made up of a random sub-sample of the participants in the on-going Survey of Health
and Living Status of the Near Elderly and Elderly in Taiwan. This longitudinal survey began in
1989 with a nationally representative sample, including the institutionalized population, of
persons 60 years and older. The survey was expanded in 1996 to include a new sample of
middle-aged (aged 50 to 66) persons. In SEBAS, elderly respondents (71 and older in 2000)
were over sampled relative to the near elderly (54 to 70 in 2000), as were persons in urban areas.
The survey procedures were approved by the institutional review boards at Princeton University,
Georgetown University, and the Bureau of Health Promotion, Department of Health, Taiwan,
and conformed to the principles embodied in the Declaration of Helsinki. Among the 1713
respondents randomly selected, a total of 1497, constituting 92% of the survivors, were
interviewed. Of this group, 1023 completed the physical exam portion of the survey that
included physician evaluation and collection of blood and urine samples. Excluding respondents
with missing data on one or more variables of interest leaves a final sample of 972. Older
respondents were less likely to participate in the exam portion of the survey, but measures of
socioeconomic status were not significantly related to participation. Because of higher non-
participation rates among both the healthiest and the least healthy individuals, persons who
received the medical exam reported the same general health status, on average, as those who did
not. Each participant in the medical exam was asked to fast overnight, collect a 12-hour

overnight urine sample (for integrated measures of neuroendocrine function), and proceed to the



medical exam the next morning at a nearby hospital where a physician or nurse drew blood from

the participant and took blood pressure and other measures.

Measures

As mentioned above, the concept of allostatic load underscores the notion that while
mobilization of the body’s stress response is necessary for short-term response to stimuli,
excessive or overly frequent mobilization of these resources can damage the body’s ability to
regulate these systems and ultimately cause disease. Our biomarkers include the ten measures
used in the first empirical implementation of allostatic load: serum dihydroepiandrosterone
sulfate (DHEA-S, a functional HPA axis antagonist), urinary cortisol (an integrated measure of
12-hr HPA axis activity), urinary epinephrine and norepinephrine (integrated measures of 12-hr
SNS activity), systolic and diastolic blood pressures (indices of cardiovascular activity), waist-
hip ratio (an index of metabolism and adipose tissue deposition), serum HDL cholesterol, ratio of
total to HDL serum cholesterol (indices of risk for cardiovascular disease), and blood plasma
levels of glycosylated hemoglobin (HbAlc, an integrated measure of glucose metabolism over
the previous 30-90 days). Recent work has expanded the empirical measure of allostatic load to
include information on inflammatory markers and immune function (21). We include three
additional markers meant to capture dysregulation in immune/inflammatory function:
interleukin-6 (IL-6, a pro-inflammatory cytokine), insulin-like growth factor-1 (IGF-1, aids in
muscle growth and bone repair), and albumin (low levels associated with inflammation).
Measures of cortisol, epinephrine, and norepinephrine were derived from 12-hour overnight
urine specimens and are reported as “micrograms per gram creatinine” to adjust for body size.

Measures of DHEA-S, IGF-1, IL-6, albumin, ratio of total to HDL cholesterol, HDL cholesterol,



and glycosylated hemoglobin were taken from fasting blood specimens. Systolic and diastolic
blood pressures were calculated using the average of two seated blood pressure readings taken
about a minute apart, and waist-hip ratio was calculated based on waist circumference (measured
at its narrowest point between the ribs and iliac crest) and hip circumference (measured at the
maximal buttocks). Blood and urine samples were analyzed by Union Clinical Laboratories
(UCL) in Taipei, with duplicate samples for a 10% subset of the specimens submitted to UCL
and Quest Diagnostics in the U.S. for analysis. Intraclass correlations of .80 or higher were
found for duplicates sent to UCL and interlaboratory correlations of 0.76 or higher for results

sent to both laboratories (24).

Individual biomarkers are coded as 1 when the respondent falls in the highest risk quartile
of the distribution of that biomarker (highest risk quartiles can be either high or low depending
on the biomarker). Table 1 gives cut-off values for each biomarker. Allostatic load is scored as
the number of risk factors for which the respondent falls in the highest risk quartile. Allostatic
load, based on the original ten biomarkers, was found to be a strong predictor of new
cardiovascular events, decline in cognitive and physical functioning, and mortality in a seven-
year follow-up in a sample of the elderly from the MacArthur Successful Aging Study, even
controlling for health status and other factors at baseline. This was true even when the risk
factors were not individually predictive. Other criteria for calculating allostatic load, such as a
stricter bottom 10% cut-off for scoring or the use of average z-scores for each parameter, yielded
similar results in regard to health decline, with the quartile cut-off criteria showing the strongest
effect (20, 25, 26). Three sub-scales will also be used to look at the separate effects of SNS and

HPA axis functioning (cortisol, epinephrine, norepinephrine and DHEA-S);



immune/inflammatory markers (IL-6, IGF-1, and albumin); and cardiovascular risk factors
(blood pressure and cholesterol measures, waist-hip ratio, HbA1c). As with the overall AL
score, these sub-scales count the number of respective biomarkers for which the respondent is in

the highest risk quartile.

Socioeconomic status (SES) is measured by education and income. Education is divided
into three categories: no formal education, primary education, or secondary education. Income

is measured as the respondent and spouse’s reported income in 1999 and is divided into quartiles.

Health outcomes include self-reported health on a 5-point scale, with 1=excellent,
2=good, 3=average, 4=not so good, 5=poor, as well as the number (0-6) of mobility difficulties
the respondent reports with regard to the following activities: squatting, walking up 2-3 flights of
stairs, lifting or carrying 11-12kg, walking 200-300 meters, standing continuously for 15

minutes, and grasping or turning objects with fingers.

Statistical Analysis

Analyses are run separately on men and women, due to potentially important sex
differences in the biology of stress (27,28). For individual biomarkers, logistic regression
models were used to calculate the odds ratios of falling into the highest risk quartile of each
biomarker. For allostatic load, the three biomarker sub-scales, self-reported health status and the
number of mobility difficulties, ordinal logit models were used to calculate the odds ratios of
moving one point higher on each of the scales. Each model includes a control for the age of the

respondent. Education and income are included jointly in all models to estimate their



independent effects. Running models with education and income included separately yielded
identical substantive results on all but one biomarker for men (noted below). All analyses were

performed using STATA version 8.0 (StataCorp, College Station, TX).
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Results

Tables 2 and 3 show the associations between education, income and the physiological
measures obtained during the examination and laboratory portions of SEBAS, separately for
each biomarker and sex. Table 2, which presents estimates for the neuroendocrine and
immune/inflammatory markers, indicates that education is significantly associated with more
favorable readings for men for only one of the four indicators of SNS and HPA axis activity,
DHEA-S, and one of the three immune/inflammatory markers, IL-6 (when education is included
without income, higher education is associated with more favorable readings for IGF-1).
Somewhat counter-intuitively, higher levels of education are significantly associated with higher
readings for epinephrine. Income is not significantly related to any of the neuroendocrine or
immune/inflammatory markers in men. Table 2 also reveals some unexpected results for
women, with more education significantly associated with more favorable (lower) readings for
DHEA-S but less favorable (higher) readings for epinephrine, and interestingly, cortisol. No
significant associations are found for income.

Table 3, which examines the cardiovascular measures, reveals some unexpected findings
for men. More education is significantly related to higher readings of glycosylated hemoglobin,
while higher income is significantly associated with higher diastolic blood pressure. The results
for women are more consistent with expectation: additional years of education are associated
with a lower risk of unfavorable readings for waist-hip ratio, diastolic blood pressure, and
glycosylated hemoglobin.

Table 4 presents odds ratios pertaining to the biomarker scales. The results indicate that
lower education is significantly associated with worse scores in men only for the collective

immune/inflammatory markers, with no relationship seen for neuroendocrine markers,
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cardiovascular risk factors, or the overall allostatic load score. For women, less education is
significantly associated with higher scores for the cardiovascular risk factors as well allostatic
load, but is not significantly associated with the stress hormone or immune/inflammation sub-
scales by themselves, consistent with the findings for the individual biomarkers.

Next, we test whether these biomarkers can account for all or part of the relationship
between SES and health outcomes in our sample. Controlling only for age, we see a strong and
consistent association between SES and health outcomes in the SEBAS sample (Model 1, Table
5). For men, higher education levels are associated with better self-reported health status as well
as fewer mobility restrictions, while more income is independently associated with fewer
mobility restrictions. For women, a higher level of income is significantly related to both health
measures, and more education is associated with better self-reported health. Our sample is thus
consistent with the large literature in many countries finding significant relationships between

various measures of socioeconomic status and health outcomes.

Model 2 in Table 5 shows results adjusting for the three biomarker sub-scales, whereas
Model 3 adjusts for the summary index of allostatic load (the estimates in Model 2 are similar to
those controlling for each individual biomarker). We see that inclusion of the biomarker scales
does not diminish the observed effect of education and income on these health outcomes for
either men or women. These results are not surprising given the weak associations between

education, income, and the biomarkers presented in our previous tables.
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Discussion

Overall, these results provide only weak evidence for the idea that stress, particularly
through sustained activation of the autonomic and neuroendocrine responses, is one of the
primary pathways linking socioeconomic status to health outcomes. While lower education is
significantly related to several risk factors for women, these are not the stress hormones through
which the story of psychosocial stress is so often told. Associations between SES and
cardiovascular measures in women could be confounded by other risk factors including poor
nutrition, inactivity and smoking, which are known to increase cardiovascular risk. While the
relationships between education and IL-6 and DHEA-S are intriguing, the lack of associations in
the expected direction between SES and the markers of HPA-axis and SNS activity leaves us
without a smoking gun linking education or income to what are deemed the primary mediators of
the body’s stress response.

Most notably, lower SES is not significantly related to higher levels of cortisol, the stress
hormone most commonly implicated in the literature on SES, stress and health. For the stress
hypothesis to remain viable, researchers would need to observe consistent evidence of sustained
activation of the HPA-axis and SNS in low SES individuals. The current study finds very mixed
evidence of increased physiological dysregulation due to stress in lower SES individuals, and no
evidence that biological markers of stress explain the SES gradient in health. These results are
partially inconsistent with those of Seeman and colleagues, whose analysis of the MacArthur
Study of Successful Aging suggests that allostatic load explains roughly a third of the association
between education and seven-year mortality in their sample (20). While their study examines the
relationship between education and the summary measure of allostatic load, it does not test

education’s association with individual biomarkers or categories of biomarkers. Their results for
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mortality reveal that the attenuation of the effect of education on mortality is largely driven by
the effects of the cardiovascular risk factors and immune/inflammatory markers, with the
neuroendocrine markers accounting for only a 4% attenuation. Thus while there is mounting
evidence that lower socioeconomic status is associated with biological dysregulation in several
systems including the cardiovascular system, metabolic functions, and inflammation processes,
evidence linking SES to dysregulation in the SNS and HPA axis is scarce.

Potential limitations to this work include the fact that this is a middle-aged and elderly
sample, representing cohorts with low average education and comprised of many retirees. If the
relationship between psychosocial stress and SES occurs primarily through characteristics of
one’s job (29, 30), we may not see strong links between neuroendocrine markers and SES in our
sample. Additionally, income may be a less reliable measure of social status in a retired
population. Despite these potential problems, we do see the typical health gradients by education
and income in our sample, suggesting that education and income are measuring important
differences in SES. Furthermore, since income is correlated over time and the effects of SNS
and HPA-axis dysregulation are cumulative, we should expect these relationships to be present
even in non-working populations if they are the indeed the primary driver of SES gradients in
health.

It is also possible that while the SES gradients in health seen here are similar to those in
other countries, the pathways linking SES and health may be different in Taiwan, where cultural
norms regarding social relationships and status are distinct from Western countries (31). There is
also recent work suggesting that both very high and very low values of the biological parameters
comprising allostatic load, including cortisol, are important for health outcomes (24). Future

work would benefit from looking in more detail at the relationship between SES and both
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extremes of the distribution of neuroendocrine markers. Another potential limitation of this
work is the contemporaneous measurement of biomarkers and health outcomes, which makes it
difficult to identify the direction of the relationship between the two. Availability of follow-up
health and mortality data for SEBAS will mitigate this problem in the future. For the present
analysis, however, the first-stage relationships between education, income, and the biomarkers
are so weak that it would be very surprising for these biomarkers to explain the relationship
between SES and future health outcomes. Finally, research into the dynamic and complex
interactions comprising the body’s stress response is on-going; there is much we do not know, or
do not know how to measure. Future research should incorporate new knowledge of the
physiological processes and measurement of stress, so that a better consensus regarding the role

of stress in the SES-health gradient can be found.

Acknowledgements

We gratefully acknowledge support from the Demography and Epidemiology Unit of the
Behavioral and Social Research Program of the National Institute on Aging (grant
R0O1AG16790) and the National Institute of Child Health and Human Development (Grant
5P30HD32030). Jennifer Dowd thanks the National Institutes of Health and the Woodrow
Wilson School of Public and International Affairs, Princeton University, for funding during the
writing of this paper, and Mathematica Policy Research, Inc., for funding during the revision of
this paper. We would also like to thank Angus Deaton, Anne Case, and Dana Glei for their

helpful comments.

15



References

1 Adler NE, Boyce WT, Chesney MA, Folkman S, Syme SL. Socioeconomic
inequalities in health: no easy solution. JAMA 1993; 269: 3140-5.

2 Lantz P, House J, Lepkowski J et al. Socioeconomic factors, health behaviors, and
mortality. JAMA 1998; 279:1703-1708.

3 Wilkinson RG. Unhealthy Societies: The Afflictions of Inequality. London:
Routledge, 1996.

4 Kessler RC, Cleary PD. Social class and psychological distress. Am Sociol Rev 1980;
45: 463-478.

5 Seeman TE, Crimmins E. Social Environment Effects on Health and Aging: Integrating
Epidemiologic and Demographic Approaches and Perspectives. Ann N Y Acad Sci 2001;
954: 88-117.

6 Turner RJ, Wheaton B, Lloyd DA. The epidemiology of social stress Am Sociol Rev
1995; 60: 104-125.

7 Sapolsky RM. Why zebras don't get ulcers: a guide to stress, stress related diseases, and
coping. New York: W.H. Freeman, 1994,

8 Sapolsky RM. Hormone correlates of personality and social contexts: from non-human
to human primates. In: Panter-Brick C, Worthman CM, eds. Hormones, health, and
behavior : a socio-ecological and lifespan perspective. Cambridge: Cambridge
University Press; 1999, 18-46.

9 Cohen S, Line S, Manuck SB, Rabin BS, Heise ER, Kaplan JR. Chronic Stress,
social status, and susceptibility to upper respiratory infections in nonhuman
primates. Physchosom Med 1997; 59(3): 213-221.

10 Shively CA, Clarkson TB. Social Status and Coronary Artery Artherosclerosis in
Female Monkeys. Arterioscler Thromb Vasc Biol, 1994; 14: 721 - 726.

11 Kuper H, Marmot M. Job strain, job demands, decision latitude and risk of coronary heart
disease within the Whitehall 11 study. J Epidemiol Community Health 2003; 57: 147
-153.

12 McEwen BS. The End of Stress as We Know It, Washington D.C.; Joseph Henry
Press, 2002.

13 Kiristenson M, Erikson HR, Sluiter JK, Starke D, Ursin H. Psychobiological mechanisms of
socioeconomic differences in health. Soc Sci Med, 2004; 58: 1511-1522.

16



14

15

16

17

18

19

20

21

22

23

24

25

Brunner E, The social and biological basis of cardiovascular disease in office
workers. In: Blane D, Brunner E, Wilkinson R, eds. Health and Social
Organisation: towards a health policy for the twenty-first century, London;
Routledge, 1996.

Steptoe A, Kunz-Ebrecht S, et al. Socioeconomic Status and Stress-Related
Biological Responses Over the Working Day. Psychosom Med 2003; 65(3): 461 -470.

Brandtstadter J, Baltes-Gotz B, Kirschbaum C, Hellhammer D. Developmental and
personality correlates of adrenocortical activity as indexed by salivary cortisol:
observations in the age of 35 to 65 years. J Psychosom Res 1991; 35:173-185.

Kristenson M, Kucinskiene Z, Bergdahl B, Orth-Gomer K. Risk factors for coronary
heart disease in different socioeconomic groups of Lithuania and Sweden—the
LiVicordia study. Scand J Public Health 2001; 29: 140-150.

Lupien SJ, King S, Meaney MJ, McEwen BS. (2000). "Child's stress hormone
levels correlate with mother's socioeconomic status and depressive state.” Biol
Psychiatry Volume 2000; 48:(10): 976-980.

McEwen BS, Stellar E. Stress and the individual: mechanisms leading to disease. Arch Inte
Med 1993; 153:2093-101.

Seeman TE, Singer BH, Rowe JW, et al. Price of Adaptation—Allostatic Load and Its
HealthConsequences. Arch Intern Med 1997; 157: 2259-2268.

McEwen BS, Seeman T. Protective and Damaging Effects of Mediators of Stress:
Elaborating and Testing the Concepts of Allostasis and Allostatic Load. Ann N 'Y Acad
Sci 1999; 896: 30-47.

Seeman TE, Crimmins E, Huang MH, et al. Cumulative biological risk and socioeconomic
differences in mortality: MacArthur Studies of Successful Aging. Soc Sci Med 2004;
58:1985-1997.

Kubansky L, Kawachi I, Sparrow D. Socioeconomic Status, Hostility, and Risk
Factor Clustering in the Normative Study of Aging: Any Help from the Concept of
Allostatic Load? Ann Behav Med 1999; 21(4):330-338.

Seplaki C, Goldman N, Weinsten M, Lin Y-H. How are biomarkers related to physical and
mental well-being? J of Gerontol A Biol Sci 2004; 59:3, 201-217.

Seeman TE, McEwen BS, Rowe JW, Singer BH. Allostatic load as a marker of
cumulative biological risk: MacArthur studies of successful aging. Proc Natl
Acad Sci USA 2001; 98:8:4770-4775.

m

17



26 Karlamangla AS, Singer BH, McEwen BS, et al. Allostatic load as a predictor of
functional decline MacArthur studies of successful aging.” J Clin Epidemiol 2002; 55:
696-710.

27 McEwen BS, Biron CA, Brunson KW, et al. The role of adrenocorticoids as
modulators of immune function in health and disease: neural, endocrine and
immune interactions. Brain Res Rev 1997; 23: 79-133.

28 Goldman N, Weinstein M, Cornman, J, et al. Sex Differentials in Biological Risk Factors for
Chronic Disease: Estimates from Population Based Surveys. J Womens Health 2004;13:
393-403.

29 Kunz-Ebrecht SR, Kirschbaum C, Steptoe A. Work stress, socioeconomic status and
neuroendocrine activation over the work day. Soc Sci Med 2004; 1523-1530.

30 Marmot MG, Bosma H, Hemingway H, et al. Contribution of job control and other risk
factors to social variations in coronary heart disease and incidence. Lancet 1997;
350:235-39.

31 Cornman JC, Goldman N, Weinstein M, Chang M-C. Social Ties and Perceived

Support: Two Dimensions of Social Relationships and Health among the Elderly
in Taiwan. J Aging Health 2003; 15: 616-644.

18



Table 1. Cut-off points for higherst risk quartile of individual biomarkers in 2000 SEBAS

Biomarker Cut-point Mean (SD)
Stress Hormones

Cortisol (ug/g creatinine) >30.0 28.63 (53.05)
Epinephrine (ug/g creatinine) >3.7 2.65 (2.64)
Norepinephrine (ug/g creatinine)  >27.1 21.83 (9.88)
DHEA-S (ug/dL) <40.8 81.17 (59.14)
Immune/Inflammatory Markers

IGF-1 (ng/mL) < 69.5 105.14 (48.3)
IL-6 (pg/mL) > 1.41 1.84 ( 8.3)
Albumin (mg/dl) < 4.4 4.48 (0.29)
Cardiovascular Risk Factors

Systolic blood pressure (mmHG) > 150 138.45 (20.68)
Diastolic blood pressure (mmHG) > 90 82.14 (11.08)
Ratio of total cholesterol to HDL >5.1 4.37 (1.44)
HDL cholesterol (mg/dL) < 38 49.10 (13.71)
Glycosylated Hemoglobin (%) >5.8 5.75 (1.34)
Waist-hip ratio >0.93 0.88 (0.07)

Notes: For IL-6 and epinephrine, a large number (approximately 33% and
20%, respectively) of readings fell below assay sensitvity, but our analysis

looks at the top quartile for each of those measures.



Table 2: Odds ratio for falling in highest risk quartile of neuroendocrine and immune/inflammatory markers (95% CI)

Men
SES Variables Cortisol Norepinephrine Epinephrine DHEA-S IGF-1 IL-6 Albumin
No Formal Education 1.0 1.0 1.0 1.0 1.0 1.0 1.0
Primary Education 1.1(0.61-198) 0.74(0.41-1.36) 1.13(0.61-2.07) 0.87(0.49-153) 0.85(0.50-1.44) 0.70(0.42-1.16) 1.0(0.61-1.63)

Secondary Education ~ 1.01 (0.53-1.94) 0.83 (0.43-1.57) 1.97 (1.04 - 3.74)* 0.33 (0.16 - 0.69)* 0.61(0.33-1.12)  0.48 (0.27 - 0.85)* 0.78 (0.45 - 1.34)

Lowest Income Quartile 1.0 1.0 1.0 1.0 1.0 1.0 1.0
2nd Income Quartile 1.49 (0.77 -2.88) 0.99 (0.48-2.06) 0.59(0.31-1.13) 0.99(0.53-1.86) 0.71(0.39-1.28) 1.65(0.91-2.99) 1.35(0.78-2.34)
3rd Income Quartile 1.08 (0.55-2.10) 1.51(0.77-2.98) 0.69(0.37-1.28) 0.55(0.28-1.09) 0.74(0.42-1.32) 1.44(0.80-2.61) 0.99(0.58-1.72)

Highest Income Quartile 1.32 (0.67 - 2.60) 1.62 (0.80 - 3.27) 0.85(0.46-1.58) 0.66 (0.32-1.35) 0.59 (0.31-1.10) 1.04 (0.54-1.98) 1.08 (0.61 - 1.91)

Women
SES Variables Cortisol Norepinephrine Epinephrine DHEA-S IGF-1 IL-6 Albumin
No Formal Education 1.0 1.0 1.0 1.0 1.0 1.0 1.0
Primary Education 1.18(0.73-1.91) 1.07 (0.67-1.72) 1.42(0.87-2.33) 0.99(0.62-1.56) 0.76(0.45-1.27) 0.84(0.50-1.41) 0.6(0.35-1.04)

Secondary Education ~ 1.98 (1.02 - 3.85)* 0.98 (0.49 - 1.96) 2.93 (1.48 - 5.79)* 0.30 (0.13 - 0.67)* 0.89 (0.43-1.86) 0.94 (0.44-1.98) 0.70 (0.32 - 1.52)

Lowest Income Quartile 1.0 1.0 1.0 1.0 1.0 1.0 1.0
2nd Income Quartile 1.09(0.61-1.95) 1.24(0.70-2.23) 1.06(0.58-1.93) 0.79(0.45-1.38) 0.86(0.47-1.56) 0.83(0.45-1.53) 0.64(0.34-1.22)
3rd Income Quartile 0.80(0.42-1.52) 1.82(0.98-3.39) 1.01(0.53-1.94) 0.81(0.44-150) 0.88(0.46-1.68) 0.89(0.46-1.73) 1.15(0.59-2.22)

Highest Income Quartile 0.90 (0.45 - 1.81) 1.12 (0.55-2.27) 0.73(0.35-1.54) 0.91(0.46-1.82) 0.76(0.36-1.60) 0.74 (0.34-1.58) 0.85(0.39 - 1.84)

95% confidence intervals in parentheses
*p <0.05
All models control for age



Table 3: Odds ratio for falling in highest risk quartile of cardiovascular markers (95% CI)

Men

SES Variables

Waist-Hip Ratio

Systolic BP

Diastolic BP

HDL Chol

Ratio Chol/HDL

HbAlc

No Formal Education
Primary Education

Secondary Education

Lowest Income Quartile
2nd Income Quatrtile
3rd Income Quartile

Highest Income Quartile

1.0
0.86 (0.53 - 1.41)

0.96 (0.56 - 1.65)

1.0
0.63 (0.36 - 1.08)
0.86 (0.51 - 1.45)

0.61 (0.35 - 1.06)

1.0
1.31 (0.74 - 2.30)

1.26 (0.68 - 2.33)

1.0
1.0 (0.53 - 1.87)
1.21 (0.67 - 2.21)

1.06 (0.57 - 2.00)

1.0
0.96 (0.57 - 1.62)

0.68 (0.38 - 1.23)

1.0
1.38 (0.75 - 2.57)
1.95 (1.09 - 3.51)

1.32 (0.70 - 2.47)

1.0
1.40 (0.80 - 2.44)

1.63 (0.89 - 2.97)

1.0
0.97 (0.54 - 1.74)
0.79 (0.45 - 1.40)

0.93 (0.52 - 1.67)

1.0
1.23 (0.70 - 2.18)

1.82 (0.99 - 3.35)

1.0
0.83 (0.46 - 1.50)
0.70 (0.39 - 1.25)

0.75 (0.42 - 1.37)

1.0
1.33 (0.70 - 2.54)

2.24 (1.14 - 4.42)*

1.0
1.33 (0.68 - 2.59)
1.0 (0.52 - 1.92)

0.99 (0.51 - 1.95)

Women

SES Variables

Waist-Hip Ratio

Systolic BP

Diastolic BP

HDL Chol

Ratio Chol/HDL

HbAlc

No Formal Education
Primary Education

Secondary Education

Lowest Income Quartile
2nd Income Quartile
3rd Income Quartile

Highest Income Quartile

1.0
1.10 (0.55 - 2.20)

0.08 (0.01 - 0.63)*

1.0
0.48 (0.20 - 1.19)
0.99 (0.40 - 2.43)

1.87 (0.71 - 4.92)

1.0
0.93 (0.55 - 1.57)

0.65 (0.29 - 1.45)

1.0
0.41 (0.21 - 0.78)*
0.96 (0.50 - 1.82)

0.64 (0.30 - 1.38)

1.0
0.85 (0.52 - 1.41)

0.34 (0.14 - 0.83)*

1.0
0.73 (0.39 - 1.38)
1.29 (0.67 - 2.48)

1.02 (0.48 - 2.15)

1.0
1.05 (0.59 - 1.87)

0.57 (0.20 - 1.61)

1.0
1.1 (0.54 - 2.22)
1.43 (0.69 - 2.99)

0.39 (0.14 - 1.11)

1.0
0.91 (0.54 - 1.54)

0.68 (0.30 - 1.56)

1.0
1.41 (0.74 - 2.68)
1.30 (0.64 - 2.61)

0.86 (0.38 - 1.96)

1.0
0.61 (0.37 - 0.99)*

0.45 (0.21 - 0.94)*

1.0
1.21 (0.68 - 2.17)
1.52 (0.81 - 2.86)

1.08 (0.52 - 2.21)

95% confidence intervals in parentheses

*p <0.05
All models control for age



Table 4: Odds ratio for having more risk factors in highest quartile for each index (95% CI)

Men

SES Variables

Neuroendocrine

Cardiovascular

Immune/Inflammatory

Allostatic Load

No Formal Education
Primary Education

Secondary Education

Lowest Income Quartile
2nd Income Quatrtile
3rd Income Quartile

Highest Income Quatrtile

1.0
0.97 (0.62 - 1.50)

0.93 (0.57 - 1.51)

1.0
1.12 (0.68 - 1.85)
1.05 (0.65 - 1.70)

1.24 (0.75 - 2.07)

1.0
1.17 (0.77 - 1.77)

1.38 (0.87 - 2.18)

1.0
0.92 (0.58 - 1.46)
1.0 (0.64 - 1.56)

0.85 (0.53 - 1.35)

1.0
0.78 (0.50 - 1.21)

0.53 (0.33 - 0.86)*

1.0
1.25 (0.76 - 2.04)
1.03 (0.64 - 1.65)

0.89 (0.55 - 1.46)

1.0
0.97 (0.65 - 1.46)

0.95 (0.61 - 1.49)

1.0
1.02 (0.64 - 1.60)
0.91 (0.59 - 1.42)

0.82 (0.52 - 1.30)

Women

SES Variables

Neuroendocrine

Cardiovascular

Immune/Inflammatory

Allostatic Load

No Formal Education
Primary Education

Secondary Education

Lowest Income Quartile
2nd Income Quatrtile
3rd Income Quartile

Highest Income Quatrtile

1.0
1.3 (0.87 - 1.95)

1.39 (0.76 - 2.52)

1.0
1.06 (0.65 - 1.72)
1.04 (0.61 - 1.79)

0.86 (0.48 - 1.56)

1.0
0.77 (0.52 - 1.15)

0.33 (0.18 - 0.61)*

1.0
0.83 (0.50 - 1.37)
1.46 (0.86 - 2.51)

0.90 (0.50 - 1.63)

1.0
0.72 (0.47 - 1.10)

0.94 (0.52 - 1.71)

1.0
0.71(0.43 - 1.19)
0.89 (0.51 - 1.56)

0.69 (0.37 - 1.29)

1.0
0.84 (0.57 - 1.24)

0.55 (0.31 - 0.96)*

1.0
0.66 (0.40 - 1.07)
1.17 (0.69 - 1.99)

0.69 (0.39 - 1.23)

95% confidence intervals in parentheses

* p<0.05

All models control for age



Table 5: Odds ratio for worse health or worse mobility (95% ClI)

Men

Women

SES Variables

Self-Rated Health

Mobility Difficulty

Self-Rated Health

Mobility Difficulty

Model 1
No Formal Education

Primary Education

Secondary Education

Lowest Income Quartile
2nd Income Quartile
3rd Income Quartile
Highest Income Quatrtile

Model 2
No Formal Education

Primary Education

Secondary Education

Lowest Income Quartile
2nd Income Quartile
3rd Income Quartile
Highest Income Quatrtile

Model 3
No Formal Education

Primary Education

Secondary Education

Lowest Income Quartile
2nd Income Quartile
3rd Income Quartile

Highest Income Quartile

1.0
0.77 (0.50 - 1.19)

0.56 (0.35 - 0.91)

1.0
1.09 (0.68 - 1.73)
0.86 (0.55 - 1.36)

0.62 (0.39 - 1.01)

1.0
0.72 (0.47 - 1.12)

0.50 (0.31 - 0.82)**

1.0
1.1 (0.69 - 1.76)
0.84 (0.53 - 1.32)

0.60 (0.37 - 0.98)*

1.0
0.77 (0.50 - 1.19)

0.56 (0.35 - 0.91)

1.0
1.09 (0.68 - 1.73)
0.86 (0.55 - 1.36)

0.63 (0.39 - 1.01)

1.0
0.73 (0.46 - 1.15)

0.40 (0.23 - 0.68)*

1.0
0.96 (0.59 - 1.58)
0.52 (0.31 - 0.88)*

0.79 (0.46 - 1.38)

1.0
0.72 (0.46 - 1.15)

0.39 (0.22 - 0.67)**

1.0
0.97 (0.59 - 1.60)
0.53 (0.31 - 0.90)*

0.81 (0.47 - 1.42)

1.0
0.72 (0.46 - 1.14)

0.39 (0.22 - 0.66)*

1.0
0.96 (0.58 - 1.58)
0.52 (0.31 - 0.88)*

0.83 (0.48 - 1.45)

1.0
0.71 (0.47 - 1.08)

0.49 (0.27 - 0.92)*

1.0
0.64 (0.40 - 1.05)
0.8 (0.47 - 1.38)

0.5 (0.27 - 0.92)*

1.0
0.71 (0.47 - 1.09)

0.51 (0.27 - 0.95)*

1.0
0.64 (0.39 - 1.04)
0.8 (0.46 - 1.37)

0.5 (0.27 - 0.93)*

1.0
0.72 (0.47 - 1.09)

0.5 (0.27 - 0.93)*

1.0
0.64 (0.39 - 1.05)
0.8 (0.46 - 1.37)

0.5 (0.27 - 0.93)*

1.0
0.68 (0.44 - 1.03)

1.02 (0.57 - 1.84)

1.0
0.55 (0.34 - 0.89)*
0.55 (0.32 - 0.95)*

0.34 (0.18 - 0.63)*

1.0
0.66 (0.43 - 1.00)

1.04 (0.57 - 1.88)

1.0
0.52 (0.32 - 0.85)*
0.52 (0.30 - 0.90)*

0.34 (0.18 - 0.63)*

1.0
0.7 (0.46 - 1.06)

1.11 (0.61 - 2.00)

1.0
0.54 (0.33 - 0.88)*
0.52 (0.30 - 0.90)*

0.35 (0.19 - 0.65)*

Notes:
*p< 0.05

Model 1: adjusted for age
Model 2: adjusted for age and 3 sub-scales for stress, immune, and cardiovascular markers

Model 3: adjusted for age and allostatic load index

Self-reported health: 1=excellent, 2=good, 3=average, 4=not so good, 5=poor

Mobility difficulty : the # (0-6) of mobility difficulties the respondent reports with regards to the following activities:
squatting, walking up 2-3 flights of stairs, lifting or carrying 11-12kg, walking 200-300
meters, standing continuously for 15 minutes, and grasping or turning things with fingers
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