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Objective: Financial resources are a potent determinant of health, yet it remains unclear why this is the
case. We aimed to identify whether the frequently observed association between absolute levels of
monetary resources and health may occur because money acts an indirect proxy for a person’s social
rank. Method: To address this question we examined over 230,000 observations on 40,400 adults drawn
from two representative national panel studies; the British Household Panel Survey and the English
Longitudinal Study of Ageing. We identified each person’s absolute income/wealth and their objective
ranked position of income/wealth within a social reference-group. Absolute and rank income/wealth
variables were then used to predict a series of self-reported and objectively recorded health outcomes in
cross-sectional and longitudinal analyses. Results: As anticipated, those with higher levels of absolute
income/wealth were found to have better health than others, after adjustment for age, gender, education,
marital status, and labor force status. When evaluated simultaneously the ranked position of income/
wealth but not absolute income/wealth predicted all health outcomes examined including: objective
measures of allostatic load and obesity, the presence of long-standing illness, and ratings of health,
physical functioning, role limitations, and pain. The health benefits of high rank were consistent in
cross-sectional and longitudinal analyses and did not depend on the reference-group used to rank
participants. Conclusions: This is the first study to demonstrate that social position rather than material
conditions may explain the impact of money on human health.
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clearly disentangled the contribution of social position from access to
material resources (Kawachi, Adler, & Dow, 2010; Marmot &
Wilkinson, 2001). In this study, we directly tested competing rankincome/wealth and absolute-income/wealth hypotheses. In line with a
rapidly growing research literature we predicted that money would
affect health by acting as a proxy for a person’s social rank.
Observational and experimental studies of dominance hierarchies
among nonhuman animals in captivity and in the wild have shown
that subordinate animals experience higher levels of stress than other
animals (Sapolsky, 2005; Shively, Laber-Laird, & Anton, 1997). This
is because the social environment of low-ranking animals is characterized by a lack of control and predictability and subordinate animals
tend to display hypervigilance to threat (Shively, 1998). From an
evolutionary perspective, such vigilance can be considered an adaptive response enabling a low-ranking animal to escape attack and
respond quickly when threatened (Gilbert, 2006). However, the ongoing stress of social subordination can mobilize the sympathetic
nervous system and evoke prolonged endocrine responses (Archie,
Altmann, & Alberts, 2012; Tung et al., 2012). In this way, what is
initially an adaptive fight or flight response may lead to chronic
stress-activation and adverse health consequences (Slavich & Irwin,
2014). Such deleterious health effects of low rank cannot be attributed
to health selection or to poor nutrition; they occur when rank is
experimentally manipulated and when food is readily available to all
animals (Sapolsky, 2005; Shively et al., 1997).
Quasi-experimental, and experimental evidence from human
studies also supports the idea that variability in the SES-health
relationship may be attributable to differences in social rank. For

Human health is socially stratified yet it is unclear what dimensions
of socioeconomic status (SES) lead to adverse health outcomes (Antonovsky, 1967). Epidemiological studies including the Whitehall
studies of British civil servants have provided evidence that each step
down the social hierarchy is associated with a graded increase in risk
of physiological dysregulation, disease morbidity, and mortality (Marmot, Bosma, Hemingway, Brunner, & Tansfeld, 1997; Marmot et al.,
1991). However, traditional accounts of the health impact of ordered
differences in SES (e.g., by occupational prestige or income) have not
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instance, Nobel Prize winners live longer than year of birth and
country-matched nominees, a finding that could potentially be
attributed to the associated increase in social rank (Rablen &
Oswald, 2008). Although Nobel winners represent an atypical
group evidence from representative samples suggests that where
people believe they are positioned in society, as indexed by measures of subjective social status, appears to be predictive of health
outcomes, even when the influence of objective measures of SES
is adjusted for (Demakakos, Nazroo, Breeze, & Marmot, 2008;
Singh-Manoux, Marmot, & Adler, 2005). Finally, experimentally
induced subordinate status has also been associated with negative
emotional reactions and blood pressure reactivity in response to
stress (Mendelson, Thurston, & Kubzansky, 2008).
Existing evidence provides strong support for the idea that money
affects health because it is a marker for where a person is ranked
within a relevant socially constructed comparison group. However,
this position contrasts sharply with “materialist” interpretations of
how income and wealth are considered to influence health. Such
accounts have emphasized how income and pricing constraints limit
the health-enhancing goods and services people can access. This
absolute-income/wealth hypothesis suggests that money is concavely
related to health, so that wealthy people can essentially “purchase”
better health up to a point where the returns to investment in health
diminish (Kawachi et al., 2010). A third account proposes that the
difference between a person’s income and the income of those in a
reference group can have health effects. Specifically, the relativeincome/wealth hypothesis suggests that earning or owning less than
one’s peers can generate feelings of stress and anxiety that can
influence health. At present, little consistent support exists for this
idea with some studies reporting that the average income of relevant
others negatively affects health (Gravelle & Sutton, 2009) and others
reporting null or positive effects (Lorgelly & Lindley, 2008; Miller &
Paxson, 2006; Wagstaff & van Doorslaer, 2000). In the present study
we propose that a rank-based account will be more consistent than a
relative/income wealth account. Specifically, we suggest that low
ranked individuals will consistently show worse health than others
across a range of reported and objective health indicators. Existing
research has empirically disentangled rank and absolute income explanations to suggest rank judgments accurately reflect how people
compare their incomes to others (Brown, Gardner, Oswald, & Qian,
2008). Furthermore, prior research has shown that a social rank
model, rather than an absolute income account, explains how income
affects emotional well-being and the tendency to experience distress
and psychosomatic symptoms (e.g., irritability, dizziness) (Boyce,
Brown, & Moore, 2010; Elgar et al., 2013; Wood, Boyce, Moore, &
Brown, 2012). Although this work has directly tested competing rank
and absolute income explanations, it remains possible that rank differences affected how people interpreted or reported their well-being
and psychosomatic symptoms rather than directly affecting these
characteristics.
In the current study we use a similar methodology to the above
studies to empirically disentangle the potential health effects of objectively assessed income/wealth rank from effects that can be attributed to a person’s absolute- or relative-income/wealth. Our study is
novel in that we examine how rank relates to both self-reported and
objectively recorded health indicators. If those who are identified as
low rank based on an examination of objective characteristics like
income and region also show higher levels of objective health-risk
(e.g., obesity, allostatic load) then this association cannot be attributed

to a potential effect of rank on the interpretation of health or use of
response scales.
We examine over 230,000 observations on 40,400 adults drawn
from two representative panel studies of British adults; the British
Household Panel Survey (BHPS) and the English Longitudinal Study
of Ageing (ELSA). We made three specific predictions about how
money should relate to health. First, based on the existing literature
we anticipated a positive relationship between how much participants
own or earn and their health. Second, having a higher rank of income
or wealth than others was anticipated to be positively linked to healthy
functioning in baseline and longitudinal analyses. Third, associations
between absolute income/wealth and health should be diminished
substantially when “rank” effects are controlled for, suggesting that
money may appear to influence health because it acts as a marker of
social rank.

Method
Participants
This study draws from two large scale United Kingdom based
panel studies. The first is the BHPS, a nationally representative
longitudinal sample of approximately 10,000 individuals (British
Household Panel Survey, 2010; Contoyannis, Jones, & Rice,
2004). The second is ELSA, an ongoing prospective cohort study
of a nationally representative sample (initial sample of 12,099) of
community-dwelling English adults aged 50 years and over.
BHPS sample. The BHPS survey investigates social and economic change and their effects in the United Kingdom. Data from the
study has been used extensively by social science researchers and is
described in detail elsewhere (British Household Panel Survey, 2010).
The BHPS is a nationally representative longitudinal sample of approximately 5,500 households and 10,000 individuals surveyed each
year from 1991 to 2007. Households were initially selected using a
two-stage clustered probability design that was coupled with a systematic sampling procedure. Participants were reinterviewed annually
until they died or decided to leave the survey. For a given wave of the
survey the proportion of the sample reinterviewed the following year
was ⬃90% and attrition has been shown to have little effect on the
estimation of regression coefficients in the BHPS (Contoyannis,
Jones, & Rice, 2004). Data on health status from Waves 1–17 of the
BHPS were included in the current analyses. Those included in the
cross-sectional analyses were aged 45.19 (SD ⫽ 18.64) on average,
54.4% were female, and 11.6% held a university degree.
ELSA sample. ELSA is an ongoing prospective cohort study of
a nationally representative sample of community-dwelling English
adults aged 50 years and over. The ELSA study aims to provide data
to enhance understanding of the determinants of SES, health, and
well-being of older English adults. The initial sample consisted of
12,099 individuals recruited from three waves of the Health Survey
for England (HSE): 1998, 1999, and 2001. Initial participants were
recruited if they were born before March 1, 1952 and were then
interviewed as part of the first wave in 2002/2003. Approximately
78% of the initial sample were retained in Wave 2 in 2004/2005
(9,432) and 79% of this sample elected to attend a clinical assessment
(7,666) as part of Wave 2. Attrition at the time of the Wave 2
interviews was particularly high among older individuals, males, and
the less well educated. In the current study, Wave 2 was used as the
baseline sample and Wave 4 (2008/2009) was used as the follow-up
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sample. As in Wave 2, those participating in Wave 4 completed
questions detailing their health and underwent a clinical assessment,
thus allowing longitudinal analyses to be completed across all health
variables of interest. Those included in the baseline cross-sectional
analyses were aged 65.99 (SD ⫽ 10.74) on average and 56% were
female.
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Measures
Absolute income/wealth. Detailed information about sources
of household income was provided as part of the BHPS survey each
year. The total gross annual household income variable was equivalized based on the size of the household to provide an indication of
each household member’s spending power. The equivalized income
variable was then log-transformed to reduce skew. The income variable considers all key sources of payments received including those
from paid regular work (e.g., employment, self-employment) occasional earnings, social security/benefit income, other social assistance
income, and occupational pension income. The income levels derived
have been shown to be comparable to those from the Family Expenditure Survey (Jarvis & Jenkins, 1995).
Measures of income or occupational status are potentially inappropriate measures of SES in older samples where many participants are retired. Total benefit unit nonpension wealth was, therefore, used to index the SES of those in the ELSA sample. This
measure gauges a comprehensive set of wealth sources including
current and savings account balances, shares, national savings, and
premium bonds, and the value of primary and secondary housing.
Private debt (e.g., credit card debt, outstanding loans), including
housing debt were factored into the wealth calculation. This variable was then log-transformed to reduce skew.
Rank income/wealth. Following a methodology developed
elsewhere (Boyce et al., 2010), three income/wealth rank variables
were created for each individual to represent the rank of their income/
wealth within three different comparison groups, as more direct proxies for their social rank. In the BHPS the initial analysis ranked each
participant’s income within the region in which they lived. The 19
geographical regions of the United Kingdom specified in the BHPS
(e.g., inner London, outer London, rest of the South East) were
included as comparison groups. Subsequent analyses in the BHPS
tested the role of income rank using education and gender groups. In
the final analyses participants were ranked within comparison groups
based on 5 year age bands. Each individual i’s relative income rank Ri
within a comparison reference group of size n was given by:
Ri ⫽

i⫺1
n⫺1

This ratio produces an income rank variable that is normalized
between 0 and 1, where i – 1 represents the number of people in the
individual’s reference group who have incomes lower than individual
i. The ELSA wealth rank variables were produced using the same
methodology applied in the BHPS and outlined above. Because of the
absence of regional information comparison groups were based on
education and gender groups in the primary analyses and these estimates were then contrasted with those derived from analyses that
ranked participants within comparison groups based on age. For some
of the reference groups (e.g., educational qualifications) there was a
small portion of missing data (not exceeding 4% of observations). To
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retain individuals who were missing the variable used to construct
reference groups in the sample we inputted each participant’s samplewide (as opposed to reference group specific) income/wealth rank for
the year in question.
Self-reported health outcomes. Self-rated health was assessed
each year in the BHPS using the question “Compared to people of
your own age, would you say that your health over the past 12 months
has on the whole been excellent, good, fair, poor or very poor?”
Self-rated health was treated as a continuous variable with those in
“excellent” health given a score of 1 and those in “very poor” health
given a score of 5.
In the BHPS the SF-36 (Brazier et al., 1992) was completed by
participants in Waves 9 (1999) and 14 (2004) of the BHPS. The SF-36
gauges eight key domains of health-related functioning, four of which
have been proposed to index health status: general health, physical
function, role limitations because of physical problems, and pain
(Ware, Kosinski, & Keller, 1994). We utilize these four domains in
the current analyses. The scales showed a high degree of internal
consistency reliability with Cronbach’s ␣ levels for each scale exceeding 0.80 (i.e., general health, ␣ ⫽ .85; physical function, ␣ ⫽ .94;
role limitations, ␣ ⫽ .93; pain, ␣ ⫽ .87). Scores for each scale were
coded and rescaled to form an index ranging from 0 ⫽ worst possible
health to 100 ⫽ best possible health.
In ELSA self-rated health was gauged using the question: “In
general, would you say your health is.” Participants indicated how
they perceived their health using a continuous scale with five points
indicating progressively worse health (1 ⫽ excellent, 2 ⫽ very good,
3 ⫽ good, 4 ⫽ fair, and 5 ⫽ poor). Long-standing illness was
assessed in ELSA using an item which inquired as to whether participants “. . . have any long-standing illness, disability or infirmity?”
A further clarification was also provided: “By long-standing I mean
anything that has troubled over a period of time, or that is likely to
affect over a period of time.” Binary yes/no responses were recorded
for this item.
Where at least one long-standing illness was reported to be present,
participants were asked “(Does this/Do these) illness(es) or disability(ies) limit activities in any way?” This item was coded using a
yes/no binary response category indicating the presence or absence or
role limitations. Finally, two questions were asked to identify if
participants suffer from pain and to gauge the intensity of any pain
present. First, participants were asked “Are you often troubled with
pain.” If they gave a positive response then they were asked “How
bad is the pain most of the time? Is it . . .” and they rated the intensity
of the pain experienced as either “mild,” “moderate,” or “severe.” A
composite variable was formed using these two items ranging from
0 ⫽ not often troubled with pain, to 3 ⫽ often troubled with severe
pain.
Allostatic load. The calculation of allostatic load utilized in the
current study followed guidelines outlined specifically for the biomarkers included in the ELSA data (Read & Grundy, 2012).
C-reactive protein and fibrinogen were used to assess immune functioning. Systolic and diastolic blood pressure provided an index of
cardiovascular functioning. Respiratory functioning was gauged using
a measure of peak expiratory flow. Body fat was measured using the
waist-to-hip ratio. Finally, metabolic functioning was assessed with
three measures: the ratio of total blood cholesterol to high-density
lipoprotein cholesterol, triglyceride levels, and glycated hemoglobin
levels. Those in the upper quartile for all individual metrics except
diastolic blood pressure and peak expiratory flow were deemed to be
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a high-risk group. Those with diastolic blood pressure and peak flow
levels in the bottom quartile were likewise considered to be at high
risk. Allostatic load indices were calculated by summing the number
of times each individual scored in the high-risk group across the nine
measures included. The formation of quartile indices and their subsequent summation was performed separately for men and women.
Following this, allostatic load scores were merged into a single index
with scores ranging from 0 ⫽ does not fall in any high risk quartile,
to 9 ⫽ falls in all high risk quartiles examined.
All blood samples were analyzed in accordance with the technical
specifications and quality control guidelines outlined in the Health
Survey of England technical report (Graig, Deverill, & Pickering,
2006). Systolic and diastolic blood pressure was recorded using the
Omron HEM-907 blood pressure monitor and the average levels from
three seated readings were used in the current analyses. Peak expiratory flow rate was gauged using a spirometer. Three measures were
taken and the quickest rate of exhalation (liters per minute) was
utilized in the analyses. Three measures of the participant’s waist and
hip were taken and the average was levels were used to produce the
waist-hip ration included in the current analyses.
Obesity. Anthropometric data were collected by nurses as part of
the clinical assessments in Waves 2 and 4 of ELSA. This included a
measure of standing height that was assessed with a portable stadiometer. Participants were requested to stand in the middle of the base
plate and to look straight ahead to produce an accurate and consistent
reading of height. Next, participants were weighed using the Tanita
THD-305 portable electronic scales. Each participant’s body mass
index (BMI) was calculated and those with a BMI of 30 kg/m2 or
above were categorized as obese.
Covariates. To control for relative income/wealth effects, the
average income/wealth of an individual’s reference group was included as an additional covariate in all analyses. The demographic
controls included in all analyses were: age, gender, education, marital
status, disability status, and labor force status. In addition, in the
BHPS for each observation dummy variables were included that
identified the individual’s region of residence and the survey wave
from which the data were drawn. Some of the covariates had missing
values and, therefore, to avoid excluding relevant participants, we
included dummy variables to indicate that the covariate had a missing
value. Further, if the variable in question were a continuous variable
we recoded the missing value with the sample-wide mean in the
respective sample. This practice ensured that the inputted values did
not influence subsequent results. The portion of data missing for any
given covariate did not exceed 4%. We also ran all analyses without
implementing these techniques for dealing with missing data and the
results were unchanged.

Statistical Analyses
Because of the hierarchical nature of the data in the BHPS with
years (Level 1) nested within persons (Level 2) we used multilevel
random coefficient modeling to test the study hypotheses in this
sample (Luke, 2004). The multilevel analyses utilized 218,589 observations on 31,644 individuals for the cross-sectional analyses examining self-rated health and 181,830 observations on 25,505 participants for the longitudinal analyses. The follow-up rate for the
longitudinal self-rated health analysis in BHPS was 81%. The analyses testing the link between income and the SF-36 subscales (i.e.,
general health perceptions, limitations because of physical health,

pain, physical functioning, which were measured in only two waves
of the BHPS) contained 20,112 to 20,301 participants in the crosssectional sample and 9,693 to 9,762 participants in the longitudinal
analyses. Differences in samples sizes between subscales for both the
cross-sectional and longitudinal analyses reflected unanswered questions for that measure. For all longitudinal analyses, the health metric
in question at a given time-point (t) was regressed on the health
measure at t-1, as well as t-1 income and covariates. The follow-up
rate for the longitudinal analyses of the SF-36 was 65% on average
across the subscales. The sample size was reduced because of participant drop-out in BHPS over the period between 1999 when the SF-36
was first administered and follow-up in 2004.
In ELSA multivariate logistic and linear regression analyses were
first used to test if absolute wealth was related to the health factors
examined (i.e., self-rated health, presence of a long-standing illness,
role limitations because of illness, pain levels, allostatic load levels,
and obesity). For the cross-sectional analyses the sample size utilized
from the initial clinical assessment wave of ELSA (2004/2005)
ranged from 3,487 (i.e., allostatic load analysis) to 8,756 (longstanding illness). A substantial portion of the 2004/2005 ELSA sample who completed the main interview did not elect to take part in the
clinical assessment (21%) or provide blood samples (a further 5% of
the main sample) and only participants with complete biological data
were included in the allostatic load analyses explaining most of the
difference in sample size across analyses. The longitudinal analyses
(sample size ranging from 2,185 to 6,244) regressed each health
measure at a given time-point (t) on the same health measure at t-1,
along with t-1 wealth and covariates. The follow-up rates for the
self-report outcomes in ELSA ranged from 70% to 71% and were
slightly lower for allostatic load (63%) and obesity (66%).
Next, the rank wealth variable was entered into the cross-sectional
and longitudinal models. To ensure robustness, in the BHPS and
ELSA we tested each relationship using rank variables constructed
based on how much participants earn or own relative to those of the
same gender and level of education (e.g., among high school educated
males or college educated females), and others of the same age (using
5 year age-blocks). In addition, BHPS data allowed participant’s to be
ranked within a comparison group of people from the same geographical area. We considered counterfactual health outcomes that are
unlikely to be affected by social rank1 but were unable to identify a
suitable variable for this test.

Results
Each participant was assigned a rank that gauged how many
people in the individual’s comparison group he or she earns or
owns more than, relative to the size of the comparison group
1
We aimed to identify commonly experienced (to ensure sufficient
power for a comparison) health outcomes that have not previously shown
a strong social gradient and may not be expected to be affected by rank.
This search was unsuccessful with all potential outcomes examined either
demonstrating an existing social gradient or being too rare to produce a
meaningful counterfactual test of the rank hypothesis. For instance, breast
cancer is a condition with a shallower social gradient than many health
conditions and the incidence of which may not be substantially affected by
the stress of low rank. In ELSA ⬃0.5% of the sample have been previously
diagnosed with the condition. Our analyses revealed no association between social rank and breast cancer in the data. However, based on this
analysis we cannot decipher whether this null result is because of the small
sample of individuals with this condition or to a lack of an effect of rank.
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(ranging from 0 ⫽ lowest rank to 1 ⫽ highest rank) (Boyce et al.,
2010; Wood et al., 2012). To ensure the robustness of the results
we tested each relationship using at least two types of reference
groups which represent the kinds of groups to which participants
may compare themselves to (Singer, 1981). Rank income and
wealth variables were used to predict a comprehensive set of
health metrics in cross-sectional and longitudinal analyses using
linear regression and multilevel modeling techniques. The characteristics of the samples and key variables utilized are detailed in
Table 1.
Absolute and relative income/wealth and health. Data from
participants from ELSA was used to estimate the cumulative
physiological effects of net benefit unit wealth (logarithmically
transformed). Multisystemic physiological dysregulation was
gauged using a measure of allostatic load calculated from biological data collected as part of physical examinations and laboratory
tests conducted during ELSA. Cross-sectional analyses showed
that absolute wealth levels were inversely related to our allostatic
load measure composed of biological markers of cardiovascular
(diastolic/systolic blood pressure), metabolic (lipid profile, waisthip ratio, glycosylated hemoglobin), respiratory (peak expiratory
flow), and inflammatory (C-reactive protein, fibrinogen) functioning, as shown in Table 2. Absolute wealth also predicted low levels
of objectively assessed obesity (BMI ⱖ30 kg/m2) in crosssectional analysis.
In both cross-sectional and longitudinal analyses of the ELSA
data absolute wealth levels predicted several self-reported health
measures including fewer chronic illnesses or health-related limitations in physical and normal role activities, low levels of pain,
and favorable health perceptions, as shown in Table 2. Similarly,
among participants drawn from the BHPS we identified a strong
inverse link between absolute levels of equivalized household
income (logarithmically transformed) and self-reported healthrelated limitations, bodily pain, and a positive link with general
health perceptions (Ware & Sherbourne, 1992) in both crosssectional and longitudinal analyses. In line with prior research we
found no consistent evidence that health is influenced by the
degree to which a person’s income or wealth differs from the mean
of their reference group (Subramanian & Kawachi, 2006). Furthermore, entering the mean reference income/wealth level into the
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analyses did little to attenuate the association between absolute
income/wealth and health. Nevertheless, to account for possible
influences of relative income/wealth effects we included the average income/wealth of an individual’s reference group income/
wealth in all regression models.

Rank Income/Wealth and Health
To test our second and third predictions, we regressed each health
variable on the person’s rank within the comparison group, their
absolute income/wealth, and the mean income/wealth of those in the
relevant comparison group. The cross-sectional analyses of BHPS and
ELSA data revealed that lower ranked individuals had poor health at
baseline regardless of their absolute- or relative-income/wealth, as
summarized for education and gender comparison groups in Table 3
and all comparison groups in SI Appendix Tables S1 through S10. In
the cross-sectional analyses of the ELSA data low rank was a strong
predictor of allostatic load and obesity at baseline, over and above
absolute or relative wealth. In ELSA low-ranked participants also
reported a high incidence of chronic illness, as well as enduring
functional limitations and feelings of body pain, and poor general
health at baseline. Similarly, in the BHPS low-ranked individuals felt
their health was poor, and indicated that they suffered bodily pain and
limitations to their physical functioning and normal role activities.
Our cross-sectional analyses also revealed strong support for our third
prediction. When the health outcomes were regressed on absolute and
rank income/wealth variables, only the effect of a person’s rank
within their reference group remained as a statistically significant
predictor, as shown in Table 3.
By adjusting for the initial levels of each health variable at baseline,
our longitudinal analyses demonstrated that the ranked position of a
person’s income or wealth was closely linked to subsequent changes
in health. Over the 4 year period examined in the ELSA study low
ranked individuals went on to develop more chronic illnesses, increased allostatic load and obesity, raised feeling of pain, and worsening perceptions of health and functional limitations. Similarly, low
ranked participants in the BHPS showed a decline in physical functioning and an increase in pain and role limitations resulting from poor
health. The longitudinal analyses verified that the change in health
over time linked to absolute levels of income/wealth (detailed in Table

Table 1
Summary of Characteristics of the BHPS and ELSA Samples Utilized for Cross-Sectional Analyses
BHPS sample
N/Obs.
Age
Female (%)
Educationa
Self-rated healthc
General healthe
Limitations because of physical healthe
Paine
Physical functioninge

31,644/218,584
31,644/218,589
31,644/211,346
31,644/218,589
20,112/29,692
20,169/29,811
20,180/29,843
20,301/30,009

ELSA sample

M/%

SD

45.19
53.76
1.14
2.21
69.41
82.81
79.85
85.65

18.64
1.01
0.97
22.34
34.16
26.25
24.41

Age
Female (%)
Educationb
Self-rated healthd
Long-standing illness (%)
Long-standing illness is limiting (%)
Painf
Allostatic loadg
Obesityh (%)

N

M/%

SD

8,762
8,762
8,762
8,638
8,756
4,864
8,754
3,487
6,762

65.99
56.04
4.61
2.78
55.56
61.37
0.69
2.00
28.18

10.74
2.25
1.11
1.00
1.54

a
BHPS: ranging from 0 ⫽ no qualifications, to 3 ⫽ degree level qualifications or above. b ELSA: ranging from 0 ⫽ no qualification, to 7 ⫽ degree level
qualification or above. c BHPS: from 1 ⫽ excellent health, to 5 ⫽ very poor health. d ELSA: from 1 ⫽ excellent health, to 5 ⫽ poor health. e Assessed
using the SF-36 (23). f ELSA: ranging from 0 ⫽ not often troubled with pain, to 3 ⫽ often troubled with severe pain. g 0 ⫽ does not fall in any biomarker
high risk quartile, to 9 ⫽ falls in all high risk quartiles examined. h BMI of 30 kg/m2 or above.
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Table 2
Summary of Cross-Sectional and Longitudinal Regressions Demonstrating the Relationship Between Absolute Income (BHPS) and
Wealth Levels (ELSA) and Health Measures
Cross-sectional analyses
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N/Obs.
BHPS outcome variables
Self-rated healtha
General healthb
Physical functioningb
Limitations because of physical healthb
Painb
ELSA outcome variables
Self-rated healtha
Long-standing illnessa
Long-standing illness is limitinga
Paina
Allostatic loada
Obesitya

31,644/218,589
20,112/29,692
20,301/30,009
20,169/29,811
20,180/29,843
8,638
8,756
4,864
8,753
3,487
6,762

Longitudinal analyses

b

SE

N/Obs.

b

SE

⫺0.05ⴱⴱ
2.15ⴱⴱ
1.21ⴱⴱ
1.86ⴱⴱ
1.74ⴱⴱ

0.00
0.18
0.15
0.29
0.22

25,505/181,830
9,707
9,762
9,677
9,693

⫺0.04ⴱⴱ
0.95ⴱⴱ
0.69ⴱⴱ
2.26ⴱⴱ
1.55ⴱⴱ

0.00
0.27
0.24
0.48
0.35

⫺0.19ⴱⴱ
⫺0.22ⴱⴱ
⫺0.24ⴱⴱ
⫺0.13ⴱⴱ
⫺0.32ⴱⴱ
⫺0.26ⴱⴱ

0.02
0.03
0.05
0.01
0.04
0.04

6,036
6,244
3,383
6,240
2,185
4,463

⫺0.08ⴱⴱ
⫺0.16ⴱⴱ
⫺0.18ⴱⴱ
⫺0.04ⴱ
⫺0.08
⫺0.02

0.02
0.05
0.06
0.02
0.04
0.08

Note. All regressions included demographic controls: age, gender, education, marital status, disability status, and labor force status, and average
income/wealth of an individual’s reference group. BHPS regressions contain additional dummy variables identifying both region and wave.
a
High scores on this variable indicate worse health. b High scores on this variable indicate better health.
ⴱ
p ⬍ .05. ⴱⴱ p ⬍ .01.

2), was removed in all cases when the person’s relative rank was
considered (shown in Table 4). We found little evidence that the
choice of reference group (e.g., gender and education, age, and geographic region) affected the link between low rank and unfavorable
health outcomes, as can be seen in SI Appendix Tables S1 through
S22.

Discussion
In line with our predictions our findings point primarily to
psychosocial rather than material explanations of why financial
resources influence health. We suggested that low-rank exposes
subordinate individuals to excessive demands originating in the
social environment. To test this idea we transformed absolute

income and wealth data to identify where each person ranks within
a social reference group. We found that low ranked individuals
appeared to experience a pronounced cumulative physiological
“cost” of their rank that we observed as allostatic load or elevated
levels of physiological activity across multiple regulatory systems
(e.g., cardiovascular, metabolic, respiratory, and inflammatory).
Crucially, the effect of a person’s rank within their reference group
dominated all analyses, eliminating the established link between
absolute income/wealth and health.
Our findings suggest that for subordinate individuals, the stress
of low rank may progressively impair the capacity of multiple
physiological systems to dynamically adjust to environmental

Table 3
Summary of Cross-Sectional Regressions Simultaneously Examining the Association Between Health Measures and Both Absolute
Income/Wealth and Ranked Position of Income/Wealth
Rank income/wealtha

Absolute income/wealth

BHPS outcome variables
Self-rated healthb
General healthc
Physical functioningc
Limitations because of physical healthc
Painc
ELSA outcome variables
Self-rated healthb
Long-standing illnessb
Long-standing illness is limitingb
Painb
Allostatic loadb
Obesityb

N/Obs.

b

SE

N/Obs.

b

SE

31,644/218,589
20,112/29,692
20,301/30,009
20,169/29,811
20,180/29,843

0.00
⫺0.32
⫺0.50
⫺1.13
⫺0.87ⴱ

0.01
0.34
0.30
0.58
0.44

31,644/218,589
20,112/29,692
20,301/30,009
20,169/29,811
20,180/29,843

⫺0.15ⴱⴱ
6.69ⴱⴱ
4.58ⴱⴱ
7.85ⴱⴱ
6.93ⴱⴱ

0.01
0.80
0.71
1.34
1.01

8,638
8,756
4,864
8,754
3,487
6,762

⫺0.02
0.05
⫺0.07
⫺0.03
⫺0.09
⫺0.00

0.02
0.05
0.07
0.02
0.07
0.06

8,638
8,756
4,864
8,754
3,487
6,762

⫺0.55ⴱⴱ
⫺0.86ⴱⴱ
⫺0.54ⴱⴱ
⫺0.34ⴱⴱ
⫺0.66ⴱⴱ
⫺0.86ⴱⴱ

0.06
0.14
0.19
0.06
0.15
0.17

Note. All regressions included demographic controls: age, gender, education, marital status, disability status, and labor force status, and average
income/wealth of an individual’s reference group. BHPS regressions contain additional dummy variables identifying both region and wave.
a
Income/wealth levels are ranked by education and gender groups. Additional analyses using age (BHPS, ELSA) and geographic area (BHPS) reference
groups are detailed in Tables S1–S22. b High scores on this variable indicate worse health. c High scores on this variable indicate better health.
ⴱ
p ⬍ .05. ⴱⴱ p ⬍ .01.
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Table 4
Summary of Longitudinal Regressions Simultaneously Predicting Health Measures From Absolute Income/Wealth and Ranked
Position of Income/Wealth
Rank income/wealtha
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Absolute income/wealth

BHPS outcome variables
Self-rated healthb
General healthc
Physical functioningc
Limitations because of physical healthc
Painc
ELSA outcome variables
Self-rated healthb
Long-standing illnessb
Long-standing illness is limitingb
Painb
Allostatic loadb
Obesityb

N/Obs.

b

SE

N/Obs.

b

SE

25,505/181,830
9,707
9,762
9,677
9,693

⫺0.00
0.11
⫺0.23
⫺0.11
⫺0.30

0.01
0.55
0.49
0.98
0.70

25,505/181,830
9,707
9,762
9,677
9,693

⫺0.11ⴱⴱ
2.33
2.52ⴱ
6.48ⴱⴱ
5.07ⴱⴱ

0.02
1.32
1.16
2.33
1.67

6,036
6,244
3,383
6,240
2,185
4,463

⫺0.02
⫺0.00
0.02
0.02
0.13
0.25

0.06
0.07
0.09
0.03
0.07
0.13

6,036
6,244
3,383
6,240
2,185
4,463

⫺0.20ⴱⴱ
⫺0.45ⴱ
⫺0.68ⴱⴱ
⫺0.18ⴱⴱ
⫺0.59ⴱⴱ
⫺0.84ⴱⴱ

0.06
0.18
0.24
0.07
0.16
0.31

Note. All regressions included demographic controls: age, gender, education, marital status, disability status, and labor force status, and average
income/wealth of an individual’s reference group. BHPS regressions contain additional dummy variables identifying both region and wave.
a
Income/wealth levels are ranked by education and gender groups. Additional analyses using age (BHPS, ELSA) and geographic area (BHPS) reference
groups are detailed in Tables S1–S22. b High scores on this variable indicate worse health. c High scores on this variable indicate better health.
ⴱ
p ⬍ .05. ⴱⴱ p ⬍ .01.

pressures resulting in a failure to maintain healthy functioning
(Seeman, Epel, Gruenewald, Karlamangla, & McEwen, 2010). In
support of this notion we observed the emergence of chronic
illness, bodily pain, functional limitations, perceptions of poor
general health and a high risk of obesity among those of a low
relative rank. When examined simultaneously the ranked position
of an individual’s income or wealth within a comparison group
consistently predicted both the initial existence of health problems
and the emergence of a host of health problems over time, whereas
absolute income or wealth had no effect.
These results provide important insight into the long-debated
question as to how money induces health effects. Our findings
suggest that the biological effects of social subordination may
explain how differences in income and wealth lead to graded
patterns of disease and mortality. From a social rank perspective
the well-established diminishing health benefits of money with
increasing income could be attributed to the positively skewed
shape of income distribution in industrial nations (Kunst et al.,
2005). This means that more money is needed to improve one’s
rank at high levels of income, potentially leading to the curvilinear
relationship between absolute income and health (Kunst et al.,
2005; Wood et al., 2012). Our results also point to potential
explanations for within and between country comparisons of the
health effects of money that have been long-observed in medicine
and epidemiology.
For instance, within advanced nations absolute income and
health are typically found to be closely related at the individual
level. However, at the between country-level, average national
income and health are often weakly related (Wilkinson, 1992).
From a social rank perspective, earnings and wealth act as a proxy
for the rank a person holds in society and the number of high and
low ranked people within a given society is fixed. Therefore, if the
average income differs between two countries this alone is unlikely to affect a person’s social rank and this may explain why
few health effects are observed. However, it is possible that

income or wealth may be a more salient marker of social rank in
certain societies. For instance, in unequal societies, income and
signals of income could be more readily apparent and better
markers of social rank than in more equal societies. It follows that
a person’s income/wealth rank may cause greater stress at each
level of the social hierarchy in an unequal society. This may
explain why the citizens of less equal countries have worse health
than those from more equitable nations, even after adjusting for
how much people earn on average in each country (Wilkinson &
Pickett, 2006).
The present study informs each of these potential applications
by clearly demonstrating that a person’s relative rank of monetary
or propriety resources robustly predicts health and changes in
health. Our study was strengthened by our examination of a broad
set of health outcomes and potential reference groups across two
longitudinal national data sets. However, several limitations remain. We relied on a nonrandomized cohort study design making
it difficult to infer causality. For instance, the cross-sectional
associations observed between income/wealth rank and health
could be partially attributable to reverse causality. It is possible
that health “shocks” could adversely affect income or wealth
through reduced earnings and medical expenses diminishing ones
income/wealth rank within a relevant comparison group (Smith,
1999).
We account for direction of causality, at least in part, by demonstrating that income/wealth rank predicts changes in health over
time. However, the rank— health association could be a result of
other underlying factors that simultaneously improve a person’s
social rank and health. For example, intelligence and desirable
personality traits such as self-control and emotional stability have
been shown to enhance both social status and health (Deary, Batty,
Pattie, & Gale, 2008; Deary et al., 2005; Moffitt et al., 2011). In
addition, the present study is limited in that we did not assess
verified diagnoses of specific health conditions or mortality. We
examined how rank affected a range of health outcomes including
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obesity and allostatic load that were objectively assessed. However, these variables could be viewed as intermediate indicators
that are predictive of poor health but are a step removed from
direct measures of disease. Future work should test whether low
rank contributes to specific illnesses or leads to an elevated risk of
mortality in humans.
Our measure of social rank was objective in that it gauged the
precise rank of each person’s income or wealth within defined
groups such as age-bands, education levels, and geographic regions. This approach has some benefits over assessing subjective
perceptions of social rank. It avoids problems associated with
self-report such as common-method variance which could lead to
spurious relationships with self-reported health outcome measures
(Wood et al., 2012). However, directly assessing perceptions of
social rank within the reference categories examined would have
provided a possible subjective verification of the results of the
study. Future research should systematically identify how objective rank and perceptions of rank are interrelated and contribute to
health in a full panel design.
The present work has outlined the relevance of hierarchical rank
to health. It has shown that the role of social rank extends beyond
that of relative-income/wealth. Furthermore, the impact of rank
does not seem to be contingent on the reference group examined or
the sample utilized. Crucially, hierarchical rank dominates and
overrides the frequently observed effect of absolute-income/wealth
on health. This is the first study to use a powerful empirical test to
distinguish the material and psychosocial health effects of financial resources. By empirically disentangling the contribution of
these two competing explanations this research uncovers strong
support for a social rank model of how money influences health.
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