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Abstract

There are large socioeconomic disparities in adult mortality in Russia, although the biological 

mechanisms are not well understood. With data from the study of Stress, Aging, and Health in 

Russia (SAHR), we use Gompertz hazard models to assess the relationship between educational 

attainment and mortality among older adults in Moscow and to evaluate biomarkers associated 

with inflammation, neuroendocrine function, heart rate variability, and clinical cardiovascular and 

metabolic risk as potential mediators of that relationship. We do this by assessing the extent to 

which the addition of biomarker variables into hazard models of mortality attenuates the 

association between educational attainment and mortality. We find that an additional year of 

education is associated with about 5% lower risk of age-specific all-cause and cardiovascular 

mortality. Inflammation biomarkers are best able to account for this relationship, explaining 25% 

of the education-all-cause mortality association, and 35% of the education-cardiovascular 

mortality association. Clinical markers perform next best, accounting for 13% and 23% of the 

relationship between education and all-cause and cardiovascular mortality, respectively. Although 

heart rate biomarkers are strongly associated with subsequent mortality, they explain very little of 

the education-mortality link. Neuroendocrine biomarkers fail to account for any portion of the 

link. These findings suggest that inflammation may be important for understanding mortality 

disparities by socioeconomic status.
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Background

Mortality in Russia

Russia faces a heavy burden of premature mortality. Adult mortality increased between the 

1960s and 1980s, then fluctuated significantly with further increases until the mid-2000s 

(Shkolnikov et al., 2004a). The worst of what we now call the mortality crisis occurred in 

1994, when life expectancy at birth fell to just 57 for men and 71 for women (Brainerd and 

Cutler, 2005). Russia’s mortality trend was a dramatic departure from the improvements 

seen in much of the rest of the world, leading to a deepening of the “mortality divide” 

between Eastern and Western Europe (Andreev et al., 2003; McMichael et al., 2004; Moser 

et al., 2005). Compared to Western Europe, life expectancy in Russia in 1994 was 16 years 

lower for men and 10 years lower for women (European Health for All Database, 2015). 

After 2004, Russia experienced substantial progress, with life expectancy reaching 65 for 

men and 75 for women in 2013 (Rosstat, 2015; Shkolnikov et al., 2013). Despite these 

recent improvements, life expectancies for Russian men and women remain 11–12 years and 

8–9 years lower respectively than in Western Europe.

Adult mortality in Russia is characterized by extremely high mortality rates at working ages 

(15–60 years) and high mortality at older ages, particularly among men. Excess mortality at 

working ages is largely attributable to accidents and violence, alcohol-related causes, and 

premature cardiovascular mortality (Leon et al., 2010), while cardiovascular disease is 

largely responsible for excess mortality at older ages (Meslé, 2004; Powles et al., 2005; 

Shkolnikov et al., 2013). A reduction in cardiovascular disease mortality played a major role 

in the overall mortality decline in many countries, but cardiovascular mortality in Russia has 

remained high, with reductions occurring only very recently (Grigoriev et al., 2014; Levi et 

al., 2009).

Socioeconomic differentials in health have not been studied extensively in Russia, due in 

part to a prohibition against examining health disparities during the Soviet era (Shkolnikov 

et al., 1998). Nevertheless, there are some studies showing that socioeconomic disparities in 

mortality within Russia are at least as large as—and probably larger than—within western 

countries (Malyutina et al., 2004; Shkolnikov et al., 2004b, 1998). Increasing mortality 

between the 1970s and the 1990s was concentrated in manual workers and those with low 

levels of education (Andreev et al., 2009; Shkolnikov et al., 2004b).

Both macro- and micro-level evidence suggest that alcohol, particularly binge and hazardous 

drinking, is responsible for a large part of excess Russian mortality among young and 

middle-aged adults, especially men, and may partly explain the socioeconomic differentials 

(Leon et al., 1997; Shkolnikov et al., 2004a; Zaridze et al., 2014; Tomkins et al., 2012). 

Alcohol consumption increases mortality from a range of causes, including external causes 

(e.g., accidents, homicide, suicide), acute internal causes (e.g., alcohol poisoning, sudden 

cardiac arrest), and chronic internal causes (e.g., hypertension, stroke, cirrhosis) (Leon et al., 

2010).

It is well established that in Russia as in other countries excess mortality and socioeconomic 

differences in mortality continue into old age (Hoffmann, 2008; Huisman et al., 2004; 
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Shkolnikov et al., 2008; Wolfson et al., 1993), though it is not clear if the causes implicated 

for younger adults are equally important in this age group. Among older adults, heavy 

drinking is rare and unexpected deaths from external and acute conditions are much less 

frequent; instead, most deaths are related to chronic cardiovascular disease. This fact led 

researchers in the past few decades to collect clinical measures of cardiovascular disease 

risk, such as blood pressure, cholesterol, obesity and smoking. However, these measures 

were unable to fully explain excess Russian mortality or the mortality disparities by 

educational attainment (Averina et al., 2003; Dennis et al., 1993; Ginter, 1995; Kuulasmaa et 

al., 2000; Sidorenkov et al., 2010).

Nevertheless, if socioeconomic status influences physical disease, it must act on some 

physiological process (Steptoe and Marmot, 2002), and evidence of this dysfunction may be 

detectable before death. Can preexisting morbidity or risk factors explain socioeconomic 

disparities in mortality at older ages? We address this question by studying a broad set of 

biomarkers that may be driving mortality disparities among older Russians.

Mortality prediction from biomarkers

In recent years, a small but growing number of population-based studies have begun 

collecting a wide range of biomarkers with the intention of improving mortality prediction 

and our understanding of the biological underpinnings of socioeconomic disparities in health 

(Crimmins et al., 2010). The study on Stress, Aging and Health in Russia (SAHR) is one 

such study. The extensive biological data collected in SAHR provide an opportunity to 

compare biomarkers of health and disease not typically collected in population-based studies 

of health and aging. In addition to standard clinical cardiovascular and metabolic risk 

factors, SAHR collects measures of heart rate variability, an indicator of cardiovascular 

function; inflammation, a key aspect of the immune system; and neuroendocrine function, 

which directs the body’s stress response. In this study, we examine nine clinical measures of 

cardiovascular and metabolic function, four measures of heart rate function, three 

biomarkers of inflammation, and four markers of neuroendocrine function. A brief 

description of each biomarker is shown in Table 1.

Elevated heart rate has been shown to predict all-cause and cardiovascular mortality in 

population-based studies in Japan (Fujiura et al., 2001), Finland (Reunanen et al., 2000), and 

the United States (Kannel et al., 1987). Low heart rate variability is associated with 

increased cardiovascular risk (Dekker et al., 2000) and all-cause mortality in population-

based samples (Dekker et al., 1997; Stein and Kleiger, 1999; Tsuji et al., 1994). However, 

another population-based study found mixed results, depending on the measure of heart rate 

variability and outcome examined (Hansen et al., 2008).

Heart rate variability is easy to collect in a hospital setting, but reproducibility and 

prognostic value are improved with 24 hours of monitoring in ordinary circumstances 

(Palatini et al., 2000). Six-lead Holter monitors worn by SAHR participants collected heart 

rate and detailed electrocardiogram data over 24 hours as they went about their daily life 

(Shkolnikova et al., 2009). Such data on heart rate variability are rarely collected in 

population-based studies.
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There is only limited evidence on the social determinants of heart rate variability. Marmot 

and Steptoe (2002) found that job strain, characterized by high demand-low control work 

environments, is associated with reduced heart rate variability; Amelsvoort et al.(2000) 

found lower variability among shift workers as compared to day workers; and Shishehbor et 

al. (2006) found that worse neighborhood socioeconomic conditions (measured as average 

income and educational attainment) are associated with reduced variability.

Although the acute inflammatory response is an essential defense against injury and illness, 

chronic, low-grade inflammation is believed to be maladaptive and to contribute to a number 

of chronic diseases of aging, including cardiovascular disease (Bruunsgaard et al., 2003; De 

Martinis et al., 2006; Franceschi and Campisi, 2014; Pawelec et al., 2014). Suggestive 

evidence has led researchers to argue that atherosclerosis is best understood as an 

inflammatory disease. For example, some genetic studies have linked polymorphisms related 

to inflammation with cardiovascular disease risk (Hansson et al., 2006), and elevated levels 

of the inflammatory molecule C-reactive protein have been used in studies since the 1990s 

as an indicator of cardiovascular risk (Ridker et al., 2000; von Haehling et al., 2009). These 

studies, together with accumulating evidence of an association between SES and 

inflammation (see, e.g., Steptoe, 2012 for a review), suggest a mediating role for 

inflammation in the association between SES and cardiovascular health (Aiello and Kaplan, 

2009).

However, it remains unclear whether inflammation represents an independent causal 

pathway to cardiovascular disease (Danesh and Pepys, 2009; Jialal et al., 2004; Lagrand et 

al., 1999; von Haehling et al., 2009). This uncertainty is underscored by findings linking C-

reactive protein—the most-studied inflammatory biomarker—to other cardiovascular risk 

factors, suggesting the possibility of confounding or reverse causality. For example, a 

randomized trial found that statin drugs used on patients with high C-reactive protein and 

normal cholesterol levels lowered the risk of negative cardiovascular outcomes (Ridker et 

al., 2008), but because statins lower both C-reactive protein and cholesterol, it is not clear 

that C-reactive protein was responsible (Libby et al., 2011). Adipose tissue promotes 

inflammation, so high levels of C-reactive protein may reflect metabolic risk (Hansson, 

2005; Hansson et al., 2006). C-reactive protein has been found to be associated with elevated 

heart rate and reduced heart-rate variability, leading authors to speculate a common etiology 

(Sajadieh et al., 2004).

The neuroendocrine system has been hypothesized to propagate mortality disparities via 

psychosocial stress. The underlying idea is that excess stress causes chronic wear and tear on 

the neuroendocrine system; neuroendocrine dysregulation, in turn, can disrupt numerous 

physiological systems, including the immune and cardiovascular systems (McEwen, 2012). 

Evidence supports the link between neuroendocrine dysfunction and mortality: high levels 

of cortisol (Gruenewald et al., 2006; Turra et al., 2005) and norepinephrine (Katayama et al., 

2004; Reuben et al., 2000) have been found to be associated with all-cause mortality, as have 

low levels of dehydroepiandrosterone sulfate (DHEAS; Mazat et al., 2001; Roth et al., 2002) 

and extreme values (both high and low) of epinephrine (Goldman et al., 2009; Turra et al., 

2005). To the extent that psychosocial stress is correlated with socioeconomic status, 
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neuroendocrine dysfunction could represent a biological pathway to health disparities (Adler 

and Snibbe, 2003).

In this study, we compare standard clinical markers of cardiovascular and metabolic risk 

with biomarkers of heart rate variability, inflammation, and neuroendocrine function to 

determine the extent to which these markers account for disparities in mortality by 

socioeconomic status.

Data and method

Data

The study on Stress, Aging, and Health in Russia (SAHR) is a prospective population-based 

study of Moscow residents aged 55 and older (Shkolnikova et al., 2009). SAHR was 

conducted jointly by the State Research Center for Preventive Medicine (Moscow, Russia), 

the Max Planck Institute for Demographic Research (Rostock, Germany) and Duke 

University (Durham, United States). Study participants were randomly selected from seven 

previous epidemiological cohorts (the Lipid Research Clinics (LRC) and the multinational 

MONItoring of trends and determinants in CArdiovascular disease (MONICA) cohorts) 

constructed between the 1970s and 1990s. Since these cohorts included only residents of 

Moscow before the mid-1980s, a small number of additional participants representing those 

who moved to Moscow after 1985 were identified from the Moscow Outpatient Clinics’ 

registry.

The baseline survey was fielded between 2006 and 2009. It included 1,800 participants who 

were interviewed and participated in a medical examination (response rate = 66%). 

Interviews and examinations were administered at the hospital; only participants unable or 

unwilling to come to the hospital were interviewed at home.

The biomedical data collected at baseline include a rich array of biomarkers: anthropometry, 

blood pressure measurements, routine blood tests and blood biochemistry from a venous 

blood sample, concentrations of stress hormones in urine samples, and characteristics of 

heart function from a 24-hour electrocardiogram (EKG). Anthropometry was measured 

using a calibrated set of measurement tools. Blood pressure was the average of three manual 

measures. Venous blood was taken after an overnight fast. Participants collected a twelve-

hour overnight urine sample before performing the medical examination. The 24-hour EKG 

was measured via a small, wearable three-channel Schiller Holter monitor, which allowed 

for dynamic measurement as a respondent went about his or her day.

Mortality follow-up is ongoing; the most recent mortality update includes deaths through 

January 31, 2014. Deaths were verified in residential registers.

SAHR was approved by the Ethics committee of the State Research Centre of Preventative 

Medicine and by the institutional review board at Duke University. All participants provided 

informed consent prior to data collection. See Shkolnikova et al. (2009) for more details on 

SAHR.
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Measures

We use years of educational attainment as a measure of SES, for reasons related to both SES 

measurement in general, and SES measurement in Russia in particular. First, because 

educational attainment is determined relatively early in adulthood, it may better represent a 

stable measure of lifetime SES, and may be more accurately reported than income or wealth. 

Given the age of the study sample, with many retired respondents, income and occupation 

may be less informative than for a working age population.

Second, education is preferable to income and occupation as an indicator of SES in Russia 

specifically; this preference is reflected in most epidemiological and public health studies 

linking mortality and health with socioeconomic status in Russia (Dennis et al., 1993; Glei 

et al., 2013a; Metelskaya et al., 2012; Shkolnikov et al., 2004b, 1998). Income measurement 

in Russia has been more challenging than in other developed countries. Income differentials 

have fluctuated in Russia, with smaller differentials in the Soviet era and much larger 

differentials post-transition (Gerber and Hout, 1998; Shkolnikov et al., 1998). The 

hyperinflation and economic instability that characterized the post-Soviet era encouraged 

substantial cash-based non-declared payments, making income figures unreliable (Perlman 

and Bobak, 2008). Additionally, while the effect of education is typically believed to act 

partly via income and/or occupation, this is less likely to be the case in Russia. Income 

returns to education are lower and the link between a prestigious occupation and high 

income is weaker in Russia versus the West (Bessudnov et al., 2011; Gerber, 2000; Gerber 

and Hout, 1998; Shkolnikov et al., 1998).

The biomarkers used in this study are briefly described in Table 1. Urinary cortisol, 

epinephrine, and norepinephrine are measured per gram of creatinine to adjust for urine 

concentration. Laboratory methods are outlined in Appendix section A1; for more 

information, see Shkolnikova et al. (2009) and Glei et al. (2013a).

We combine the biomarkers in each category (clinical, heart rate, inflammation, 

neuroendocrine) into a high-risk index representing a count of biomarkers for which a 

respondent falls into the high-risk range (Seeman et al., 2004; Seplaki et al., 2005). 

Following Glei et al. (2013a), we define high-risk with established cut-points when possible. 

Because many of the biomarkers do not have clinical high-risk cut-points, we use being in 

the sex-specific highest risk 20% (upper or lower quintile depending on the particular 

marker) to define high risk for these markers; for markers where both extremes are believed 

to be high risk, we use the highest and lowest sex-specific deciles. (Results are robust to an 

alternative index calculation based on z-scores; see Appendix Table A.2.) Table 1 lists the 

high-risk definition for each biomarker.

Analytic strategy

Limiting the sample to respondents with non-missing information on demographic 

characteristics and biomarkers yields a sample of 1,604 (Table 2). On average, those with 

missing biomarkers are older (71 vs. 68 years old, p < 0.001), slightly less educated (13 vs. 

14 years of schooling, p < 0.001), and more likely to have died by follow-up (31% vs. 16%, 
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p < 0.001). Results are robust to using multiple imputation instead of casewise deletion (see 

Appendix Table A.3).

We estimate four models to assess the biomarker indexes as mediators of the education-

mortality relationship. First, we examine whether education predicts age-specific mortality. 

Second, we test whether biomarker indexes are associated with education in ordinary least 

squares (OLS) regression models. Third, we study the relationship between the indexes and 

mortality. Finally, we assess whether the indexes account for the relationship between 

education and mortality by comparing the coefficient on education in hazard models that do 

and do not include each index as a predictor. We use Gompertz hazard models, which 

assume the natural log of the hazard increases linearly with age; this is testable by 

examining the models’ gamma parameters, which describe the shape of the baseline hazard 

function. The Gompertz functional form is a well-known approximation of mortality after 

age 40 (Horiuchi and Coale, 1982). Our findings are robust to using a Cox specification 

(results not shown).

Because cardiovascular disease is most clearly implicated in pathways associated with the 

biomarkers examined, we additionally analyze cause-specific models of cardiovascular 

disease-related death. Furthermore, cardiovascular mortality excludes causes of death (such 

as accidents and violence) unlikely to be powerfully influenced by biomarkers. For these 

reasons, we hypothesize that the relationship between education and cardiovascular 

mortality will be stronger than the relationship between education and all-cause mortality. In 

these models, respondents who died from causes other than cardiovascular disease are 

treated as censored as of the date of death. Cause of death is based on the International 

Classification of Disease (eighth revision) group codes. Deaths resulting from ischemic heart 

disease, cerebrovascular causes, and other circulatory diseases are considered cardiovascular 

deaths. All analyses are conducted in Stata (version 12.1; StataCorp., College Station, TX) .

Results

Table 3 shows descriptive statistics of the analytic sample. By January 31, 2014, 252 

respondents had died (about 16% of the total sample; 23% of males, and 9% of females). As 

expected, cardiovascular disease is the most common cause of death, accounting for 147 of 

the 252 deaths (not shown). Neoplasms account for another 66 deaths. Eight individuals died 

from external causes, 20 from other causes, and 11 from unknown causes.

Figure 1 shows Kaplan-Meier survival curves by three categories of educational attainment, 

based on the type of degree obtained. Those with the most education have greater age-

specific survival probabilities than those with less education; a log rank test rejects the 

equality of the three survival curves (p≈0.004). Median remaining lifetime at age 55 is 

estimated as 23.1 years for those with no degree, 26.8 for those with a secondary degree, and 

29.7 for those with a post-secondary degree. These estimates are conditional on surviving to 

at least age 55 (in order to be eligible for SAHR); thus, lifetime mortality disparities are 

almost certainly underestimated, since those with less education are less likely to survive to 

age 55.

Todd et al. Page 7

Soc Sci Med. Author manuscript; available in PMC 2017 May 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 2 shows results from OLS regression models of the biomarker indexes. The figure 

presents the coefficients for years of education from separate OLS models of each biomarker 

index regressed on years of education, controlling for sex and age. The clinical and 

inflammation markers show a small but significant inverse relationship with education: an 

additional year of education is associated with having 0.09 (clinical) or 0.03 (inflammation) 

fewer biomarkers in the high-risk category. The associations between education and 

biomarkers of neuroendocrine function and heart rate variability are even smaller and not 

statistically significant.

The results of survival models with biomarkers as the predictors are shown in Figure 3. 

Hazard ratios associated with the four biomarker indexes, from separate models, are shown. 

Having one additional heart rate or inflammation biomarker in the high-risk category is 

associated with a nearly 50% increase in the risk of mortality at any age. The 

neuroendocrine and clinical markers are also significantly associated with mortality, though 

less strongly. An additional high-risk neuroendocrine or clinical biomarker is associated with 

a 21% or 11%, respectively, increased risk of mortality.

Table 4 presents a series of survival models. Model 1 estimates age-specific mortality hazard 

ratios associated with years of education, controlling for sex. The four high-risk indexes are 

added to the model one at a time (Models 2–5); finally all indexes are considered in the same 

model (Model 6).

In Model 1, with no biomarkers, an additional year of education is associated with about 5% 

lower risk of mortality at any age. The gamma parameter is greater than zero (0.082, 95% 

confidence interval: (0.067, 0.098)), indicating that the baseline hazard function increases 

with age; that is, the risk of mortality increases exponentially as respondents get older, as 

expected. When biomarkers are added in Models 2–6, the hazard ratio associated with 

education attenuates toward one; the extent of this attenuation is shown in the bottom row of 

Table 4. In Model 2, including the clinical index attenuates the hazard ratio associated with 

years of education by 13%. The inflammation index, in Model 4, has the largest effect on the 

education hazard ratio, resulting in an attenuation of 25%. When the heart rate index is 

included in Model 3, the education hazard ratio attenuates by 11%; it does not attenuate at 

all when the neuroendocrine index is added in Model 5. In Model 6, all four biomarker 

indexes are considered in the same model; the hazard ratio on education attenuates by 40%, 

and is marginally significant (at the 5% level) in predicting mortality.

Next, we consider models of cause-specific mortality. Table 5 shows the results of cause-

specific survival models. As predicted, the high-risk biomarker indexes are able to account 

for a larger share of the education-cardiovascular mortality relationship than the education-

all-cause mortality relationship. Just as for all-cause mortality, the hazard ratio associated 

with education attenuates the most when inflammation is added to the model.

Discussion

The purpose of this study is to assess the relationship between educational attainment and 

mortality among older adults in Moscow, and to evaluate biomarkers associated with 
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inflammation, neuroendocrine function, heart rate variability, and clinical cardiovascular and 

metabolic risk as potential mediators of that relationship. We find that lower educational 

attainment is associated with higher all-cause and cardiovascular mortality risk. In sex-

adjusted models, a year of education is associated with about a 5% reduction in age-specific 

all-cause mortality and in cardiovascular mortality. This is similar in magnitude to findings 

from other Russian studies that examine educational differences in life expectancy at age 20 

(Murphy et al., 2006) and in life expectancy between 40 and 75 (Shkolnikov et al., 2004b).

When we add biomarker indexes individually to the hazard models, we find that 

inflammation markers are best able to account for health disparities: inflammation 

biomarkers are both predictive of mortality and associated with educational attainment to a 

greater extent than any other set of biomarkers. While heart rate markers are predictive of 

mortality, they are not significantly associated with education. Clinical markers are 

associated with education and subsequent mortality, but the relationship with mortality is not 

as strong as that between inflammation and mortality.

Inflammatory markers account for 25% of the education–all-cause mortality relationship and 

35% of the education–cardiovascular mortality relationship. Standard clinical markers 

perform next best, accounting for 13% and 24% of these two relationships, respectively. This 

last estimate is in line with a previous study of Russian adults from the Lipid Research 

Clinics, which found that clinical markers were able to account for about 22% of the excess 

coronary heart disease mortality experienced by the least educated (Dennis et al., 1993). Our 

results regarding clinical markers and all-cause mortality are also similar in magnitude to 

findings from the MacArthur Studies of Successful Aging, which followed a group of 

healthy, highly functioning older Americans. In the MacArthur cohort, clinical markers 

accounted for about 13% of the education– mortality relationship (Seeman et al., 2004). The 

MacArthur study found that neuroendocrine markers accounted for about 4% of the 

education–mortality link, consistent with our estimate that neuroendocrine biomarkers have 

no effect. However, the MacArthur study’s conclusions regarding inflammation differ from 

our results. In the MacArthur study, inflammation markers accounted for only 10% of the 

education–mortality relationship, lower than our estimate of 25%. These differences could 

be due to the study populations (e.g., the MacArthur study included only participants with 

high scores for health and function measures; there may also be substantial differences in 

lifestyle, infectious exposure, and health care access between the two countries) or to 

differences in measurement and methods between the two studies.

Our results suggest that inflammation may be an important biological pathway underlying 

mortality disparities in this sample of older adult Muscovites. How might SES influence 

inflammation? Three main hypotheses have been proposed: infectious exposure, health 

behaviors, and stress. Finch and Crimmins (2004) argue that early exposure to pathogens 

upregulates the lifelong inflammatory response, leading to increased risk of chronic disease 

in later life, such as heart disease and stroke. Supporting this theory, studies have found that 

children of low SES face a higher infectious burden compared to children of high SES 

(Dowd et al., 2009b), that adults of low SES are more likely to be infected with pathogens 

typically acquired at young ages (Steptoe et al., 2007), and that infant mortality, a proxy for 
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early infectious environment, is associated with later life disease, including cardiovascular 

disease and stroke (Leon, 2001).

Health behaviors, such as alcohol consumption, smoking, and especially obesity, may also 

link SES and inflammation (Steptoe, 2012). Problematic drinking, smoking, and obesity are 

inversely associated with education in SAHR (results not shown; see also Metelskaya et al., 

2012), and these health behaviors have been shown to be associated with inflammation 

(Ferrante, 2007; Gonçalves et al., 2011; Szabo and Mandrekar, 2009). Obesity and 

inflammation are consistently linked to the extent that many consider obesity a state of 

chronic inflammation (de Heredia et al., 2012). However, the role of obesity in linking SES 

and mortality is questionable. Recent studies have highlighted inconsistencies in the BMI-

mortality relationship (Ahima and Lazar, 2013), and in the present sample, obesity 

(BMI>30) is not significantly associated with subsequent mortality (results not shown). 

Sensitivity analyses in the present study show that the importance of inflammation in 

attenuating the education-mortality relationship persists after health behaviors are taken into 

account (see Appendix Table A.4). This suggests that health behaviors are not the primary 

link between SES and inflammation.

Finally, psychosocial stress could mediate the SES-inflammation relationship, either via 

indirect means, such as the health behaviors described above, or via direct psychobiological 

processes. Low SES has been linked to greater exposure to acute and chronic stressors and 

to greater perceived stress (Cohen and Janicki-Deverts, 2012), and stress has been found to 

be related to inflammation in numerous studies (Black and Garbutt, 2002; Hänsel et al., 

2010). Perceived stress has been found to be associated with biological dysregulation in this 

sample (Glei et al., 2013b), and the strength of this association appears to be higher than in 

other countries; future work on stress and mortality is planned by the SAHR team.

This study provides evidence for the hypothesis laid out in the previous literature that 

inflammation plays a key role in health disparities (Aiello and Kaplan, 2009; e.g., Steptoe, 

2012). Replication in other population health studies – including both longitudinal 

observational studies and experiments – would further build the case, as would additional 

biomedical research into the (potentially causal) role of inflammation in cardiovascular 

disease and other chronic diseases. With significant further research, one or more 

inflammation biomarkers could become standard clinical measures of mortality risk, 

possibly serving as a metric for screenings, interventions, and preventative health care.

This study has several limitations. The sample size and follow-up period are relatively 

modest (mean follow-up: 5.9 years); a larger sample and longer follow-up would provide 

additional power. Biomarkers are collected only at baseline; variation across years, weeks, or 

even hours could be important for accurately measuring biological systems. For 

inflammation, high levels may reflect acute illness rather than the chronic inflammation that 

leads to cardiovascular disease. We performed a crude test for this problem by excluding 

respondents with the highest levels of C-reactive protein and found no substantive change in 

the results (see Appendix Table A.5). For neuroendocrine markers especially, missed 

shorter-term variation may be important; e.g., diurnal variation in cortisol is believed to be a 

better measure of neuroendocrine function than a one-time summary measure (Dowd et al., 
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2009a). The one-time biomarker collection further limits our ability to address causality. 

Inflammation may be causally related to mortality, or it may instead be a response to the 

underlying disease process, resulting from reverse causality or confounding (Danesh and 

Pepys, 2009; Jialal et al., 2004; von Haehling et al., 2009). We are unable in this study to 

adjudicate between causal and non-causal explanations.

These findings may not be generalizable to a younger age group, nor to Russia as a whole, 

since Muscovites are richer, better educated, and generally better off than other Russians 

(“All-Russia Population Census,” 2002). The differences between Moscow and Russia may 

make the sample somewhat more comparable to the low mortality populations of other 

developed countries, however.

Still, this analysis has the considerable benefit of rich data: this is the first study to assess the 

relationship between SES, extensive biomarker measures, and mortality in Russia. We find 

that measures of inflammation are consistently associated with lower educational attainment, 

are predictive of all-cause and cardiovascular mortality, and attenuate the relationship 

between education and mortality when added to survival models. These findings suggest that 

inflammation is important for understanding mortality disparities by socioeconomic status.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Kaplan-Meier survival by educational attainment, all-cause mortality by January 31, 
2014
Note: Survival probabilities are conditional on living to age 55 or older. The observed 

survival period begins at baseline survey (between 2006 and 2009) and ends January 31, 

2014.
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Figure 2. Coefficient on years of education in four ordinary least squares regressions of each 
biomarker risk index on education
Note: Shown are coefficients and 95% confidence intervals on education from four separate 

ordinary least squares regressions of the high-risk biomarker indexes. Models control for age 

and sex. See Table 1 for index definitions. N=1,604.
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Figure 3. Hazard ratios on biomarker indexes from proportional hazards Gompertz survival 
models
Note: Shown are hazard ratios and 95% confidence intervals on each biomarker index from 

four separate Gompertz models. Models control for sex and age (implicitly). See Table 1 for 

index definitions. N=1,604.
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Table 1

Biomarker index components

Biomarker Description High-risk definition

Clinical cardiovascular and metabolic markers

   Systolic blood pressure The maximum arterial blood pressure during
each heartbeat. > 140 mmHG

   Diastolic blood pressure The minimum arterial blood pressure during
each heartbeat. > 90 mmHG

   Total cholesterol

A measure of cholesterol that includes low-
density lipoprotein (LDL, or “bad” cholesterol)
and high-density lipoprotein HDL, or “good”
cholesterol). Excess cholesterol contributes to
plaques in blood vessels.

>= 240 mg/dL

   High-density lipoprotein (HDL) cholesterol “Good” cholesterol; helps remove cholesterol
from arteries. < 40 mg/dL

   Triglycerides A lipid widespread in adipose tissue, circulates
in the blood as lipoproteins. >= 200 mg/dL

   Glycosylated hemoglobin
A protein created when hemoglobin binds to
glucose. A measure of blood glucose levels
over the past several months.

> 6.5%

   Insulin resistance
Estimated from the homeostatic model
assessment (HOMA-IR). Derived from fasting
blood glucose levels.

Highest sex-specific quintile

   Body mass index (BMI) Weight in kilograms / height in meters squared.
A measure of body fat. > 30 or <18.5

   Waist circumference Waist circumference in centimeters. A marker
of abdominal fat.

> 102 cm for men
> 88 cm for women

Heart rate variability markers

   Mean heart rate Mean heart rate over 24 hours (beats per
minute). Highest sex-specific quintile

   Ratio of daytime to nighttime heart rate
Ratio of mean daytime heart rate (8:00 am –
8:00 pm) to mean nighttime heart rate (12:00
am - 4:00 am).

Lowest sex-specific quintile

   Standard deviation of normal beat-to-beat
intervals (SDNN)

Standard deviation of all normal intervals over
24 hours. Measure of longer term variability. < 100 ms

   Root mean square of successive differences in
normal beat-to-beat intervals (RMSSD)

The square root of the mean of the squares of
successive differences between adjacent normal
heart beats. Measure of shorter term variability.

Lowest sex-specific decile

Inflammation markers

   C-reactive protein Protein that is part of the inflammatory
response. Increases in response to interleukin-6. > 3 mg/L

   Interleukin-6 Inflammatory cytokine, promotes production of
inflammatory proteins. Highest sex-specific quintile

   Fibrinogen Protein that assists in blood clot formation.
Increases as part of the inflammatory response. Highest sex-specific quintile

Neuroendocrine markers

   Cortisol Stress hormone produced by the adrenal gland. Highest sex-specific quintile

   Dehydroepiandrosterone sulfate (DHEAS)
Steroid hormone produced by the adrenal
gland. May counterbalance the effect of
cortisol.

Lowest sex-specific quintile

   Epinephrine Hormone produced by the adrenal gland. Part
of the fight-or-flight response. Highest or lowest sex-specific decile

   Norepinephrine Hormone produced by the adrenal gland.
Precursor to epinephrine. Highest sex-specific quintile
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Note: Each biomarker risk index represents a count of the number of biomarkers for which a participant falls in the high-risk category.
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Table 2

Creating the analytic sample

Total number of respondents 1,800

Respondents with information missing on:

  Sex 0

  Age 0

  Education (degree) 0

  Education (years) 8

  Mortality status 0

  Inflammation index 34

  Cardiovascular index 42

  Heart rate variability index 70

  Neuroendocrine index 72

  Any biomarker index 191

Respondents in analytic sample 1,604
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