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Abstract
Most economists are not familiar with so-called biomarker data. We attempt here
to provide an introduction to such data and to describe the econometric structure of
simple biomarker equations. We draw upon information on the heart rate, systolic
and diastolic blood pressure, fibrinogen, and C-reactive protein levels of 100,000
adults. We show that it is extremely important to control for fruit and vegetable
consumption (more so than is conventionally recognized in health economics).
Once that is done, there are income gradients only in heart-rate and C-reactive
protein equations, and those gradients are small. Education enters remarkably
weakly in these biomarker equations.
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“A comprehensive programme of research needs to be carried out before biomarkers can be used … in the clinic,
courtroom, classroom and community. The programme … can be accomplished only through interdisciplinary
interactions between neuroscience researchers, doctors, social scientists, ethicists, legal scholars, policymakers and
those involved in commercializing biomarkers.” Nature (Singh and Rose, July 2009)

1. Introduction
Human well-being is shaped by health and a mixture of economic, sociological, and
political forces. The relative importance of these influences is not yet fully understood.
A president of the European Economic Association recently argued that the future of
economics will be one in which a drawing together and understanding of biological and
social-scientific forces will be required (Fehr 2009), and joint research by teams of
economists and scientists is becoming more common (Fliessbach et al. 2007 and Coates
et al. 2009, for example).
One way in which knowledge might be advanced is by the collection of new kinds
of data.

Social-science surveys have started to incorporate objective biological

information (so-called „biomarkers‟) and it appears that such surveys will do so still more
in the future1. This will provide a wide range of researchers, particularly health
economists, with an opportunity denied to earlier generations of scholars. In principle, it
is becoming possible to distinguish between physiological measures and other influences
that undergird happiness and feelings of well being. Because they are cardinal, such
measures are intrinsically appealing to economists (among others).
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We are aware that this is currently being discussed by scientific funding agencies in both Britain and the
USA, for example.
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What are biomarker data and how best can they be exploited? In this paper, we
discuss that issue, and we attempt to combine biomarkers and conventional social-science
methods. Our aim is partly pedagogic and partly substantive. The result is a set of
statistical findings -- both descriptive and analytical -- that we hope might be of interest
to a variety of kinds of social and medical scientists.

We will later have in mind

particularly researchers in health economics. The paper‟s general analysis overlaps with
new work on well-being at the borders between economics, psychology, and science
(such as Dolan and Kahneman 2008). 2
Our data set is the Health Surveys of England and was commissioned by the UK's
Department of Health.

Each HSE is a nationally representative survey of private

households in England, which offers an annual cross-section of the population3. These
data are collected by a combination of face-to-face interviews, self-completion
questionnaires, and medical examinations undertaken by a nurse.

Blood and saliva

samples are taken. For this reason, the HSE is unusual internationally in that it contains
detailed information on a range of both self-reported and objectively assessed health
indicators, including blood pressure measurements, fibrinogen, and C-reactive protein
levels. Various individual and household demographic characteristics are recorded.
Information on family household income is also collected.
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Recent contributions from psychologists, economists, and other investigators, include Diener et al. (1993,
2008), Clark and Oswald (1994), Di Tella and MacCulloch (2006), Di Tella et al. (2001, 2003),
Theodossiou (1998), Oswald (1997), Frey and Stutzer (2002), Easterlin (1974, 2003), Graham (2005),
Helliwell (2003), Blanchflower and Oswald (2004, 2008a, 2008b), Kahneman et al. (2004), Kahneman and
Riis (2005), Van Praag and Ferrer-I-Carbonell 2004, Gilbert 2006, Offer (2006), Shields and Wheatley
Price (2005), Smith et al. (2005), Dolan et al. (2008), Dolan and Peasgood (2008), Blanchflower (2009),
Fowler and Christakis (2009) and Oswald and Powdthavee (2007). But see the interesting conceptual
criticisms of Ng (1997), and also the kind of data in Bray and Gunnell (2006).
3 The HSEs use the Postcode Address File as a sampling frame. The average response rate of households at
selected addresses is 75%, within which successful interviews are conducted with 90% of individuals. An
annual sample of approximately 16,000 individuals is obtained.
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We focus on the issue of how a mixture of biomarker and social-science variables
might be used. Specifically, the paper addresses the following questions:
(i) Are there income and education gradients in biomarker equations? In the case of
income, for three types of biomarker -- systolic pressure, diastolic pressure, fibrinogen
level -- we find that the answer is no. The income gradient disappears when factors such
as diet, smoking and BMI are held constant. However, in two cases -- heart rate, Creactive protein -- the answer is yes. We are unable to test whether this is related to
resources or to high-rank per se (Pham-Kanter 2009 is an interesting inquiry into this
issue, although her biomarker data are on blood pressure, and not variables such as heart
rate or C-reactive protein). For education, interestingly, our result is still starker. There
is surprisingly little sign of systematic education gradients in any biomarker variable. 4
(ii) Is there a biomarker variable that might serve as a cardinal empirical proxy for the
economist’s notion of utility? We find a little evidence that human heart-rate data might
be able to do so. We appeal to the intuitive idea that raised pulse may act as a marker for
underlying mental strain in a human population and, more formally, upon a literature
represented by papers such as Troubat et al. (2009).
The social-science literature on links between health and income is now a large
one: an electronic search on the combination of those two words in the Social Science
Citation Index, for example, returns a count of approximately 14,000 journal articles.
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Health economists have done fairly little research on healthy foods. A search on the issues of the Journal
of Health Economics, for example, finds only two articles that have in the title, abstract or key words the
words “fruit”, “vegetables”, or “healthy food”. One is Capacci and Mazzochi (2011), which is not about
the effects of food upon health. The other is interesting work by Belot and James (2011), which looks at the
implications of food for children‟s educational outcomes. There are approximately 15 articles on obesity,
but these are not explicitly about the direct health consequences of different kinds of food. Blanchflower,
Oswald and Stewart-Brown (2011) discusses diet in the context of the literature on mental health. Griffith
and O‟Connell (2009) may mark a beginning by economists in new ways to study nutrition.
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Nevertheless, objective biomarker data have so far been used rather little in the healtheconomics literature, and some of our later results attempt to make a contribution to
epidemiological and medical knowledge.
2. Background
As Crimmins et al. (2008) point out, the two standard indicators of blood pressure
are the most commonly measured biomarkers: systolic blood pressure (SBP) is the
maximum pressure in an artery at the moment when the heart is beating and pumping
blood; diastolic blood pressure (DBP) is the lowest pressure in an artery in the moments
between beats when the heart is resting. Excessive levels of either measurement suggest
hypertension. Current guidelines define hypertension as SBP over 140 mm Hg or DBP
over 90 mm Hg. We also look at resting pulse rate (i.e. heart rate). Two further
measures studied here are fibrinogen and C-reactive protein (CRP). Fibrinogen, also
called serum fibrinogen, plasma fibrinogen, and factor I, is a protein produced by the
liver. Fibrinogen helps stop bleeding by promoting the formation of blood clots.
Fibrinogen has been shown to be strongly predictive of both mortality (Fried et al. 1998)
and the onset of cardiovascular disease (Ridker et al. 1997). It is also produced in
response to stress, as if to help the body prepare for fighting, injury, and possible
bleeding, which might requiring clotting. C-reactive protein (CRP) is an acute phase
response protein produced in the liver that indicates general systemic levels of
inflammation. CRP is a general marker for inflammation and infection, and it has a
number of functions related to immunity and host defence. CRP levels rise as part of the
immune response to infection and tissue damage or injury and may be elevated due to the
presence of chronic conditions, like diabetes, asthma, rheumatoid arthritis, and heart
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disease. Crimmins et al. (2008) explain that in an acute response the level of CRP can
jump one thousand fold but drops fairly quickly after an infection passes. For that
reason, our later equations examine the logarithm of CRP. A blood level above 10 mg/dl
is considered a sign of acute illness. CRP levels are also related to hormone levels in
women and are elevated with the use of oral contraceptives or postmenopausal hormone
replacement therapy. CRP can be used as a rough proxy for heart disease risk since it
also rises in response to inflammation in coronary vessels (Koenig et al. 1999). Research
has suggested that high levels of CRP, between 3 and 10 mg/dl, are related to the
development of cardiovascular disease (Ridker et al. 2000) and cardiac events.
Our work is concerned with the issues discussed in Adler and Ostrove (1999) and
Ecob and Davey Smith (1999), and in the broadest sense is in a modern tradition
represented by work such as Urry et al. (2004) who look for neural correlates with human
happiness. Ryff et al. (2006) in a sample of 135 women demonstrate that there are links
between biomarker measures and mental well-being and ill-being. Hamer et al. (2009)
finds a small amount of evidence that CRP is associated with depressive symptoms. In a
sample of 216 men and women, Steptoe et al. (2005) examine biological correlates with
people‟s happiness over a working day, and show that positive affect is associated with
reduced neuroendocrine, inflammatory and cardiovascular activity. Hamer et al. (2008)
examine nearly 7000 men, and, using GHQ scores (see, for an explanation of the General
Health Questionnaire screening instrument score, Goldberg et al. 1997, and the recent
arguments of Hu et al. 2007) and biomarker information, conclude that the links between
psychological distress and heart disease risk is almost entirely explained by behavioural
choices like smoking. Wright et al. (2009) focus upon 113 supervisors in California, and
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suggest that psychological well-being is linked to measures of heart rate but not to blood
pressure. Steptoe et al. (2007) is a review and meta-study.
In large representative data sets, there has been much less work. Hildrum et al.
(2007) is important. Using information on 61,000 Norwegian males and females aged
between 20 and 89, the authors find that anxiety and depression are correlated with low
systolic blood pressure, though association with diastolic blood pressure is weaker. In a
slightly smaller data set, the same kind of result is replicated longitudinally -- namely
using baseline anxiety as a prospective factor -- in Hildrum et al. (2008).
Muennig et al. (2007) show, in data from the National Health Examination and
Nutrition Survey, an inverse association between CRP and income and education. There
is no link with fibrinogen. Albert et al. (2006) detect an inverse income/education
gradient with fibrinogen among 23,000 American women. Jousilahti et al. (2003) study
1500 Finnish males and find evidence of lower CRP and fibrinogen among higher
socioeconomic status individuals; similar results for fibrinogen were reported early on, in
Finnish data, by Wilson et al. (1993) and Myllykangas et al. (1995). Steptoe et al.
(2003a,b) in a sample of 221 British civil servants observe an inverse relationship
between employment grade with fibrinogen, but not with blood pressure or heart rate.
In Seeman et al. (2008), data from the nationally representative US National
Health and Nutrition Examination Survey (NHANES) III cohort were used to examine
the hypothesis that socio-economic status is negatively associated with nine biological
parameters known to predict health risks (diastolic and systolic blood pressure, pulse,
HDL and total cholesterol, glycosylated hemoglobin, c-reactive protein, albumin and
waist hip ratio). As hypothesized by the authors, consistent education and income
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gradients were seen for biological parameters reflecting cardiovascular, metabolic and
inflammatory risk. Individuals with lower education and income exhibited a greater
prevalence of high-risk values for each of the nine individual biological markers.
There is some evidence that happiness and heart rate are negatively associated
among men, and that well-being is correlated with cortisol levels and cardiovascular
behaviour (Steptoe et al. 2005).

As Ostir et al. (2001) and Joynt et al. (2003)

demonstrate, rates of depression and heart disease seem to be connected. A review of
related evidence is available in Rutledge and Hogan (2002). Steptoe and Wardle (2005)
offer some evidence that blood pressure is inversely related to reported happiness. Their
data come from middle-aged men and women, with positive „affect‟ (a psychological
term for a form of happiness) assessed through repeated ratings over a day. Greater
happiness is associated with lower salivary cortisol, reduced fibrinogen stress responses,
and lower ambulatory heart rate in men.

These patterns are independent of age,

socioeconomic status, smoking, body mass and psychological distress. Happiness is
found to be inversely related to ambulatory systolic blood pressure. The results suggest
that affective states are linked to outcomes. Similarly, Lazaro et al. (1993) shows that
borderline hypertension is associated with worse GHQ mental strain scores 5.6
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Huppert and Whittington (2003) suggest that a GHQ score has positive and negative affect within it. Hu
et al. (2006) argue that GHQ scores can be used to detect „happiness‟ as well as mental illness.
6 The work of Jonas and Lando (2000) argues that there is a positive connection between anxiety today and
hypertension in the future. A population-based cohort of 3310 initially normotensive and chronic diseasefree persons tracked. The association between hypertension and baseline negative affect is analyzed using
Cox proportional hazards regression, adjusting for baseline age, sex, race, education, smoking, alcohol use,
diastolic and systolic blood pressure, body mass index, and change in body mass index as a time-dependent
covariate. Steptoe et al. (2005) paints a complementary picture. It demonstrates that levels of positive
affect in middle-aged men and women are associated with reduced neuroendocrine, inflammatory, and
cardiovascular activity. Well-being in the study is assessed by aggregating momentary experience samples
of happiness over a working day and is found to be inversely related to cortisol output over the day. Once
again, happiness is inversely related to heart rate measured using ambulatory monitoring methods. Banks et
al. (2006) argues that Americans are less healthy than Europeans; differences in blood pressure form part
of the authors‟ evidence. Stamler et al. (1992) establishes that education is inversely related to
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Ellaway and Macintyre (2007) search for but cannot detect correlations between
biomarker heart risk factors and social engagement. Gardner and Oswald (2004) uncover
little or no effect from high GHQ scores on to subsequent mortality risk. In a different
spirit, Kario et al. (2003) suggests that exogenous disasters raise people‟s blood pressure.
Further evidence on the linkages between biomarkers and stress is provided in Der et al.
(1999), Martin et al. (2000), and Rasul et al. (2002), and Toivanen and Hemstrom (2006).
The Health Surveys of England have been used rather little to study mental wellbeing, but there has been some research into biomarker variables within it. Banks et al.
(2006) compare with US data; Johnston et al. (2009) argue that an income gradient can be
found in objective, but not subjective, measures of hypertension; Currie et al. (2007)
examine the same data set from 1997 to 2002, but their focus is the role of income in the
determination of child health. Jurges et al. (2009) and Powdthavee (2010) use the
raising-of-the-school-leaving-age as a natural experiment.
3. Biomarker Equations
To illustrate the patterns in biomarker data, we describe a set of regression
equations in which biomarker variables are in each case the dependent variable.
Conventional independent variables -- conventional from the economist‟s perspective -are then gradually included.
Table 1 reports a regression equation in which people‟s resting heart rate -- their
measured pulse rate -- is the dependent variable. The mean of this dependent variable is
approximately 71 beats per minute, with a standard deviation of 12. More details of the
data are in the Appendix.

Table 1 uses an ordinary least squares (OLS) method.

hypertension. Owen et al. (2005) uncovers childhood influences. Colhoun et al. (1998) provides a
summary of similar evidence.
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Throughout the paper, we use an average of three nurse-taken readings where available
(and also for the construction of later blood-pressure variables).
The income variable used in this study is annual equivalized household income.
The number of observations is 100,436. Unlogged, the mean of income is £24,104
pounds, with a standard deviation of £22,710. The minimum value in the data set is
£153 and the maximum is £262,295.
Resting heart rate slows as people age. Column 1 of Table 1, which controls for a
large set of independent variables -- but not yet the level of income, quantity of fruit and
vegetables consumed, or social class -- makes clear that this happens in an increasingly
gradual way (age and age squared enter with a form that implies the function is convex
from below). Men have a pulse that is, on average, 2.7 beats a minute slower than
women. Individuals with a higher body mass index (BMI) have a faster heart rate. Every
unit point increase in BMI is associated in the cross-section with a faster rate by
approximately 0.2 beats per minute.
For reasons that are not understood, there are marked differences in heart rate
across England‟s regions. Yorkshire/Humberside in the north of England tops the league
table of heart rate speed, with a pulse rate almost 2 beats a minute faster than the South
West, which is the region with the slowest heart rate. Married individuals have a heart
rate approximately 0.9 beats a minute slower than unmarried individuals, and divorced
and separated people‟s heart rate is in turn approximately 0.5 beats a minute faster than
that of the unmarried. Unemployed people‟s heart rate is 1.3 beats faster than those in
work. The temporarily sick and disabled have markedly higher pulse levels -- by around
3 beats per minute.

There are other effects, but no correlation with the number of
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children in the household. Finally, those individuals who are cigarette smokers -- for
each person this is a zero/one dummy -- have on average a heart that beats, ceteris
paribus, approximately 3 beats a minute faster than non-smokers.
Strikingly, and against the spirit of some epidemiological research on health, there
are here no statistically significant effects from years of schooling. There is a hint of a
decline in pulse speed -- going down the ALS age-left-school variables in column 1 of
Table 1 -- but the null of zero cannot be rejected on any level of education when
compared to the omitted category.
Column 2 of Table 1 moves to a specification in which household income is
included as a regressor. It enters significantly and has a coefficient of -0.3371. To
explore its robustness, column 3 then adds (eight) social-class dummy variables. Column
4 of Table 1 includes a further variable denoted “# Fruit and Vegetables”, which is the
number of daily portions of fruit and vegetables that the individual consumes.
Income enters strongly negatively in each of these pulse-rate equations.

Its

coefficient, of approximately -0.3, is only marginally affected in size by the addition of
the extra variables in columns 3 and 4. On closer inspection (results not reported) income
enters in a concave way in the data, so is specified throughout as a logarithm. A number
of other notable patterns emerge. Once sufficient control variables are included in Table
1, the variable for unemployment declines in size below unity and it is not longer possible
to reject the null of zero at conventional confidence levels.
Even with a full set of controls, there continue to be large differences in heart rate
by geographical area. We believe this finding, which is not widely known, warrants
further research scrutiny.
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What are the general messages from Table 1? One concerns the quantitative
implications of the income gradient. At -0.3 on Log Household Income, this implies that
the associated change in Pulse = -0.3 Percentage change in income. With a mean of 71
on pulse, that translates into an income elasticity of pulse of approximately -3/710, which
is -.004. This can be viewed as small. A large move of one SD from below the mean of
income to one SD above is then associated with a drop in pulse by less than 0.5 beats per
minute. It should be recalled from Table 1 there is no such associated effect from even
large alterations in the level of education.
Another result of note is the comparatively large coefficient on fruit-andvegetables. It is approximately -0.17. Because, as explained in the descriptive data
section in the Appendix, the number of portions of fruit and vegetables consumed has a
standard deviation of 2.6, this implies that variation in this variable has far larger
substantive consequences -- as a matter of association -- than does variation in income. A
one-SD rise in fruit and vegetable portions is associated with a decline of one half beat a
minute in heart rate.
Next, consider blood-pressure biomarker equations. In Table 2, systolic blood
pressure readings are the dependent variable.
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The age-squared term is insignificantly

different from zero and is therefore omitted. Married people have relatively low blood
pressure. There are large differences across geographical areas, even with a full set of
controls in the equation. The systolic blood pressure of Londoners, for example, is 4
points lower than that of comparable Northerners.
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Our approach, it should perhaps be explained, differs a little from the work of Johnston et al (2009)
because they focus on hypertension itself (that is, on the very upper end of blood pressure).
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Income initially appears in Table 2 to have a powerful effect in a systolic
equation. Even after the inclusion of social class dummies, in column 3 of Table 2, it has
a coefficient of -0.436 with a t-statistic of 4.4. However, the log of household income has
a negligible role once diet is held constant in column 4 of Table 2. Otherwise the
structure of these equations is reminiscent of the form of Table 1‟s pulse equations.
High-education people in column 1 of Table 1 have low levels of blood pressure, with
ALS greater than or equal to 19 (i.e. college students) with a coefficient implying that
systolic blood-pressure is 1.6 points lower. Yet by the final column this education
correlation has almost disappeared. The null of zero can be rejected on the ALS16
category, but this leaves this comparatively poorly educated group with lower blood
pressure than college graduates.
In Table 2, smoking and diet are influential. In a mechanical correlational sense,
seven pieces of fruit and vegetables a day can essentially „offset‟ smoking. But perhaps
the most striking thing about Table 2 is that the diet variable destroys any direct statistical
role for income. This finding seems to be a new one, and to have potential implications
for policy.
We might want to compare this paper‟s statistical results with still-controversial
MONICA findings published fairly recently in the British Medical Journal (at
http://www.bmj.com/cgi/content/full/332/7542/629 ). For example, over the course of
ten years, systolic blood pressure in industrialized countries fell about 2.2 mm of mercury
in men (and, paradoxically, this fall was not associated with greater use of antihypertensive medication per se).

Our results in the early columns of Table 2 are
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consistent with the idea that, on a population level, changes in income have similar small,
but notable, effects.
Systolic BP equations are one place where we observe slight education effects. If
education alters blood pressure BP but not heart rate HR (and taking the lack of effect of
education on HR to be a point estimate of zero, and not just statistically indistinguishable
for zero), then it must affect what is known as total peripheral resistance. In physiology,
a basic equation is BP=HRxSVxTPR, where HR is heart rate, SV is stroke volume (how
much blood the heart pumps at each beat), and TPR is „total peripheral resistance,‟ which
is a measure of vascular „tone‟ (which is generally higher when people are under stress).
Diastolic blood-pressure equations are laid out in Table 3.

Perhaps

unsurprisingly, they are similar in structure to the systolic equations of Table 2. In this
diastolic case, income and education play virtually no role under any of the econometric
specifications, and by column 4 of Table 2 there are if anything signs of higher education
being positively correlated with blood pressure.
Table 4 gives regression equations in which fibrinogen readings form the
dependent variable. The mean of the dependent variable is 2.9 (SD of 0.8). These
inflammatory-marker readings are increasing in age, and higher among women, those
with high BMI, those with low levels of education, and those who are unmarried.
Fibrinogen levels in column 1 of Table 4 are low in the rural region of East Anglia; there
is no effect here from unemployment; fibrinogen readings are high among disabled
people, and among home workers with large household sizes, and low among those with
children; high among smokers; and low among those who eat large numbers of portions
of fruit and vegetables.
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Interestingly, until the fruit-and-vegetable-portions diet variable is controlled for
in Table 4, high income is associated with lower fibrinogen levels. By column 4 of Table
4, however, evidence of an income gradient has disappeared. This result is symmetric, in
a sense, to that for the earlier blood-pressure findings.
Equations for CRP (C-reactive protein) are provided in Table 5. The readings are
lower among men; higher among those with a large BMI and here, across the columns,
some sign of an education gradient; there is no association with marital status, and, by
column 4 of Table 5, little correlation with the region that the person lives in; until the
final column CRP levels are somewhat higher among the unemployed, and are among the
disabled; lower among those with children; and higher among smokers and those who eat
few fruit and vegetable portions.
There is a well-determined negative association, in all columns of Table 5,
between C-reactive protein readings and the log of the household‟s income. This may
turn out to be important for research. It may eventually help us to understand the
biological roots of the famous healthier-wealthier correlation (Pritchett and Summers
1996). A one-SD move up in log income is associated with a 10% decline in a person‟s
level of C-reactive protein, although the latter, as the Appendix reveals, is a skewed and
highly dispersed variable.
The interesting and readable physiological study of Troubat et al. (2009) shows
that in a group of experienced chess players the heart rate of players increases by
approximately 10 beats per minute over the course of play.

Because the players are

physically immobile, this is sharp example of links between stress and the heart. A
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further current of evidence is described in papers such as Nilsson et al. (2001), and an
early study of young people in examinations in Edmonds (1982).

4. Possible links to well-being
In Table 6, for completeness, we therefore move to a final measure, and one of a
different kind, which is that of mental well-being. These regression equations are not for
biomarker data but instead take as their dependent variable the answers to the question
“Have you been feeling reasonably happy?”, where people can answer on a 4-point scale
from “much less than normal” to “much more than usual”. It can be seen that, with the
exception of the aging structure, there are similarities in Table 6‟s columns with the
structure of the heart rate equations of Table 1.
Would it do injustice to these data to hypothesize that, in the spirit of Troubat
(2009), high heart rate is akin to mental strain? Approximately, when comparing the
structure of Table 1 and Table 6, it would not. It can be seen in Table 6 that:
(i)

men have higher happiness and a slower pulse

(ii)

people with a higher BMI have a higher pulse and lower happiness

(iii)

there is little or no effect from education

(iv)

married

people

have

a

lower

pulse

and

higher

happiness

(and

divorced/separated equivalently)
(v)

the south west of England has high well-being and the slowest pulse

(vi)

unemployed people report markedly lower happiness, with some signs of a
concomitantly faster pulse

(vii)

disabled and sick people are less happy and have a faster pulse
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(viii)

cigarette smokers are markedly less happy, with a higher pulse rate

(ix)

high income people are happier and have a slower pulse

(x)

people who eat large numbers of fruit and vegetable portions are happier and
have a slower pulse.

Hence, from an economist‟s perspective, it appears that, as a matter of sheer correlational
structure, a heart-rate equation somewhat takes an econometric form like that of a
(negative) utility function. We leave the further consideration of this unusual analytical
possibility to future work.
5. Conclusions
Biomarker data have the potential to play an influential role in economics, social
science, and the understanding of human well-being. Over the course of the next century,
as the social sciences and medical science draw together, it is possible that biomarker
information will form a central element in empirical inquiry.
This paper has attempted to provide an introduction to heart biomarkers. As an
illustration, the paper takes physiological data -- measuring pulse, blood pressure,
fibrinogen, and C-reactive protein -- on a random sample of 100,000 English citizens.
Apart from any pedagogical contribution, the paper draws three main conclusions. First,
there are income gradients only in heart-rate and C-reactive protein equations. Even
these are not large. For example, the income elasticity of human pulse is estimated here,
admittedly with simple methods, at approximately -0.004. The income elasticity of Creactive protein is bigger -- it is approximately -0.04 -- but by its nature this dependent
variable has a highly dispersed distribution. Second, in this study, education variables
have surprisingly little effect within biomarker equations. Third, it is more important to
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control for the consumption of fruit and vegetables than we had realised -- and arguably
than is recognized in the health-economics literature.
The growing interest among funding bodies and scientists to collect biological
data as part of large-scale social science surveys, the increasing interest among clinicians
and biologists conducting drug trials to collect socioeconomic data and measures of
outcomes, the declining price of genotyping individuals over the coming years, the
declining price of collecting biomarker data, and the explosion of sensing devices and
passive data collection (e.g., by mobile telephony that allow everything from body
temperature to miles walked per day to be tracked) -- all of these are likely to lead to a
progressive merging of the topics of interest to biomedical scientists and social scientists.
These will afford new opportunities to disentangle how biological and social experiences
are connected.

17

References
Adler NE, Ostrove JM. Socioeconomic status and health: What we know and we don‟t.
Annals of the New York Academy of Sciences 1999; 896; 3-15.
Albert MA, Glynn RJ, Buring J, Ridker PM. Impact of traditional and novel risk factors
on the relationship between socioeconomic status and incident cardiovascular
events. Circulation 2006; 114; 2619-2626.
Banks J, Marmot M, Oldfield Z, Smith JP. Disease and disadvantage in the United States
and in England. Journal of the American Medical Association 2006; 295; 20372045.
Bell D, Blanchflower DG. The Scots may be brave but they are neither healthy nor
happy. Scottish Journal of Political Economy 2007; 54; 166-194.
Belot M, James J. Healthy school meals and educational outcomes. Journal of Health
Economics 2011; 30(3); 489-504.
Blanchflower DG. International evidence on well-being. 2009. In National Time
Accounting and Subjective Well-being edited by Alan B. Krueger, NBER and
University of Chicago Press, forthcoming.
Blanchflower DG, Oswald AJ. Well-being over time in Britain and the USA. Journal of
Public Economics 2004; 88; 1359-1386.
Blanchflower DG, Oswald AJ. Hypertension and happiness across nations. Journal of
Health Economics 2008a; 27(2); 218-233.
Blanchflower, DG, Oswald, AJ. Is well-being U-shaped over the life cycle? Social
Science & Medicine 2008b; 66; 1733-1749.
Blanchflower DG, Oswald AJ, Stewart-Brown S. Mental health and the consumption of
fruit and vegetables. Working paper. Warwick Medical School. 2011.
Bray I, Gunnell D. Suicide rates, life satisfaction and happiness as markers for population
mental health. Social Psychiatry and Psychiatric Epidemiology 2006; 41; 333-337.
Capacci S, Mazzochi M. Five-a-day, a price to pay: An evaluation of the UK program
impact accounting for market forces. Journal of Health Economics 2011; 30(1); 8798.
Clark AE, Oswald AJ. Unhappiness and unemployment. Economic Journal 1994; 104;
648-659.
Coates JM, Gurnell M, Rustichini A. Second-to-fourth digit ratio predicts success among
high-frequency financial traders. Proceedings of the National Academy of Sciences
of the USA 2009; 106; 623-628.
Colhoun HM, Hemingway H, Poulter NR. Socioeconomic status and blood pressure: An
overview analysis. Journal of Human Hypertension 1998; 12; 91-110.
Crimmins E, Vasunilashorn S, Kim JK, Alley D. Biomarkers related to aging in human
populations. Advances in Clinical Chemistry 2008; 46; 161-216.
Currie A, Shields MA, Price SW. The child health/family income gradient: Evidence
from England. Journal of Health Economics 2007; 26; 213-232.
Der G, Macintyre S, Ford G, Hunt K, West P. The relationship of household income to a
range of health measures in three age cohorts from the West of Scotland. European
Journal of Public Health 1999; 9; 271-277.
Diener E, Lucas RE, Schimmack U. National accounts of well-being. 2008; Oxford, UK:
Oxford University Press.

18

Diener E, Sandvik E, Seidlitz L, Diener M. The relationship between income and
subjective well-being – relative or absolute. Social Indicators Research 1993; 28;
195-223.
Di Tella R, MacCulloch R. Some uses of happiness data in economics. Journal of
Economic Perspectives 2006; Winter; 20(1); 25-46.
Di Tella R, MacCulloch RJ, Oswald AJ. Preferences over inflation and unemployment:
Evidence from surveys of happiness. American Economic Review 2001; 91; 335341.
Di Tella R, MacCulloch RJ, Oswald AJ. The macroeconomics of happiness. Review of
Economics and Statistics 2003; 85; 809-827.
Dolan P, Kahneman D. Interpretations of utility and their implications for the valuation
of health. Economic Journal 2008; 118; 215-234.
Dolan P, Peasgood T, White M. Do we really know what makes us happy? A review of
the economic literature on the factors associated with subjective well-being. Journal
of Economic Psychology 2008; 29; 94-122.
Dolan P, Peasgood T. Measuring well-being for public policy: preferences or
experiences? Journal of Legal Studies 2008; 37; 5 – 31.
Easterlin RA. Does economic growth improve the human lot? Some empirical evidence.
In: David PA, Reder MW (Eds.), Nations and households in economic growth:
Essays in honor of Moses Abramowitz. Academic Press: New York; 1974. p. 89125.
Easterlin RA. Explaining happiness. Proceedings of the National Academy of Sciences
2003; 100; 11176-11183.
Ecob R, Davey Smith G. Income and health: What is the nature of the relationship?
Social Science & Medicine 1999; 48; 693-705.
Edmunds O.P. The heart rate of students in examinations. Journal of Social and
Occupational Medicine 1982; 32; 32-36.
Ellaway A, Macintyre S. Is social participation associated with cardiovascular disease
risk factors? Social Science & Medicine 2007; 64; 1384-1391.
Fehr E. On the economics and biology of trust. Journal of the European Economic
Association 2009; 7; 235-266.
Fliessbach K, Weber B, Trautner P, Dohmen T, Sunde U, Elger C, Falk A. Social
comparison affects reward-related brain activity in the human ventral striatum.
Science 2007; 318; 1305-1308.
Fowler JH, Christakis NA. Dynamic spread of happiness in a large social network:
Longitudinal analysis over 20 years in the Framingham Heart Study. British
Medical Journal 2009; 337; 23-27.
Frey BS, Stutzer A. Happiness and economics. Princeton University Press: Princeton;
2002.
Fried LP, Kronmal RA, Newman AB, Bild DE, Mittlemark MB, Polak JF, et al.. Risk
factors for 5 year mortality in older adults: The Cardiovascular Health Study.
Journal of the American Medical Association 1998; 279; 585–592.
Gardner J, Oswald AJ. How is mortality affected by money, marriage, and stress?
Journal of Health Economics 2004; 23; 1181-1207.
Gilbert D. Stumbling on happiness. Alfred A Knopf: New York; 2006.

19

Goldberg DP, Gater T, Sartorious N, Ustun TB, Piccinelli M, Gureje O, Rutter C. The
validity of two versions of the GHQ in the WHO study of mental illness in general
health care. Psychological Medicine 1997; 27; 191-197.
Graham C. Insights on development from the economics of happiness. World Bank
Research Observer 2005; 20; 201-231.
Griffith R, O‟Connell M. The use of scanner data for research into nutrition. Fiscal
Studies 30; 339-365.
Hamer M, Molloy GJ, Stamatakis, E. Psychological distress as a risk factor for
cardiovascular events: Pathophysiological and behavioral mechanisms. Journal of
the American College of Cardiology, 2008; 52; 2156-2162.
Hamer M, Molloy GJ, Oliveira C, Demakakos, P. Leisure time physical activity, risk of
depressive symptoms, and inflammatory mediators: The English Longitudinal
Study of Ageing. Psychoneuroendocrinology, 2009; 34; 1050-1055.
Helliwell J. How‟s life? Combining individual and national variables to explain
subjective well-being. Economic Modelling 2003; 20; 331-360.
Hildrum B, Mykletun A, Stordal E, Bjelland I, Dahl AA, Holmen J. Association of low
blood pressure with anxiety and depression: The Nord-Trondelag Health Study.
Journal of Epidemiology and Community Health 2007; 61; 53-58.
Hildrum B, Mykletun A, Holmen J, Dahl AA. Effect of anxiety and depression on blood
pressure: 11-year longitudinal population study. British Journal of Psychiatry 2008;
193; 108-113.
Hu YJ, Stewart-Brown S, Twigg L, Weich S. Can the 12-item General Health
Questionnaire be used to measure positive mental health? Psychological Medicine
2007; 37; 1005-1013.
Huppert FA, Whittington JE. Evidence for the independence of positive and negative
well-being: Implications for quality of life assessment. British Journal of Health
Psychology 2003; 8; 107-122.
Johnston DW, Propper C, Shields MA. Comparing subjective and objective measures of
health: Evidence from hypertension for the income/health gradient. Journal of
Health Economics 2009; 28; 540-552.
Jonas BS, Lando JF. Negative affect as a prospective risk factor for hypertension.
Psychosomatic Medicine 2000; 62; 188-196.
Jousilahti P, Salomaa V, Rasi V, Vahtera E, Palosuo T. Association of markers of
systemic inflammation, C reactive protein, serum amyloid A, and fibrinogen, with
socioeconomic status. Journal of Epidemiology and Community Health 2003; 57;
730-733.
Joynt KE, Whellan DJ, O‟Connor CM. Depression and cardiovascular disease:
Mechanisms of interaction. Biological Psychiatry 2003; 54; 248-261.
Jurges H, Kruk E, Reinhold S. The effect of compulsory schooling on health: Evidence
from biomarkers. 2009. Unpublished manuscript. University of Manheim.
Kahneman D, Krueger AB, Schkade D, Schwarz N, Stone A. Toward national well-being
accounts. American Economic Review 2004; 94; 429-434.
Kahneman D, Riis J. Living and thinking about it: Two perspectives on life. To appear in
The science of well-being: Integrating neurobiology, psychology, and social
science. Eds: F. Huppert, N. Baylis and B. Kaverne. Oxford University Press.
2005.

20

Kario K, McEwen BS, Pickering TG. Disasters and the heart: A review of the effects of
earthquake-induced stress on cardiovascular disease. Hypertension Research 2003;
26; 355-367.
Kearney PM, Whelton M, Reynolds K, Muntner P, Whelton PK, He J. Global burden of
hypertension: analysis of worldwide data. Lancet 2005; 365; 217-223.
Koenig W, Sund M, Frohlich M, Fischer HG, Lowel H, Doring A, Hutchinson WL,
Pepys MB. C-reactive protein, a sensitive marker of inflammation, predicts future
risk of coronary heart disease in initially healthy middle-aged men – Results from
MONICA. Circulation 1999; 99; 237-242.
Lazaro ML, Valdes M, Marcos T, Guarch J. Borderline hypertension, daily stress and
psychological variables. Stress Medicine 1993; 9; 215-220.
Martin LM, Leff M, Calonge N, Garrett C, Nelson DE. Validation of self-reported
chronic conditions and health services in a managed care population. American
Journal of Preventive Medicine 2000; 18; 215-218.
Muennig P, Sohler N, Mahato B. Socioeconomic status as an independent predictor of
physiological biomarkers of cardiovascular disease: Evidence from NHANES.
Preventive Medicine 2007; 45; 35-40.
Myllykangas M, Pekkanen J, Rasi V, Haukkala A, Vahtera E, Salomaa V. Haemostatic
and other cardiovascular risk factors, and socioeconomic status among middle-aged
Finnish men and women. International Journal of Epidemiology 1995; 24; 11101116.
Ng YK. A case for happiness, cardinalism, and interpersonal comparability. Economic
Journal 1997; 107; 1848-1858.
Nilsson PM, Nilsson JA, Hedblad B, Berglund G. Sleep disturbance in association with
elevated pulse rate for prediction of mortality – Consequences of mental strain?
Journal of Internal Medicine 2001; 250; 521-529.
Offer A. The challenge of affluence: Self-control and well-being in the United States and
Britain since 1950. Oxford University Press: Oxford; 2006.
Ostir GV, Markides KS, Peek MK, Goodwin JS. The association between emotional
well-being and the incidence of stroke in older adults. Psychosomatic Medicine
2001; 63; 210-215.
Oswald AJ. Happiness and economic performance. Economic Journal 1997; 107; 18151831.
Oswald AJ, Powdthavee N. Obesity, unhappiness, and the challenge of affluence: Theory
and evidence. Economic Journal 2007; 117; F441-454.
Owen CG, Whincup PH, Cook DG. Are early life factors responsible for international
differences in adult blood pressure? An ecological study. International Journal of
Epidemiology 2005; 34; 649-654.
Pham-Kanter G. Social comparisons and health: Can having richer friends and neighbors
make you sick? Social Science & Medicine 2009, 69; 335-344.
Powdthavee N. Does education reduce blood pressure? Estimating the biomarker effect
of compulsory schooling in England. Journal of Human Capital 2010; 4; 173-202.
Pritchett L, Summers LH. Wealthier is healthier. Journal of Human Resources 1996; 31;
841-868.

21

Rasul F, Stansfeld SA, Hart CL, Gillis C, Smith GD. Common mental disorder and
physical illness in the Renfrew and Paisley (MIDSPAN) project. Journal of
Psychosomatic Research 2002; 53; 1163-1170.
Ridker PM, Cushman M, Stampfer MJ, Tracy RP, Hennekens CH. Inflammation, aspirin,
and the risk of cardiovascular disease in apparently healthy men. New England
Journal of Medicine 1997; 336; 973–979.
Ridker PM, Hennekens CH, Buring JE, Rifai N. C-reactive protein and other markers of
inflammation in the prediction of cardiovascular disease in women. New England
Journal of Medicine 2000; 342; 836–843.
Rutledge T, Hogan BE. A quantitative review of prospective evidence linking
psychological factors with hypertension development. Psychosomatic Medicine
2002; 64; 758-766.
Ryff CD, Love GD, Urry HL, Muller D, Rosenkrantz MA, Friedman EM, Davidson RJ,
Singer B. Psychological well-being and ill-being; Do they have distinct or mirrored
biological correlates? Psychotherapy and Psychosomatics 2006; 75; 85-95.
Seeman T, Merkin SS, Crimmins E, Koretz B, Charette S, Karlamangla A. Education,
income, and ethnic differences in cumulative biological risk profiles in a national
sample of US adults: NHANES III (1988-1994. Social Science & Medicine 2008;
66; 72-87.
Singh I, Rose N. Biomarkers in psychiatry. Nature 2009; 460; 202-207.
Shields MA, Wheatley Price S. The economic and social determinants of psychological
well-being and perceived social support. Journal of the Royal Statistical Society
Series A 2005; 168; 513–537.
Smith DM, Langa M, Kabeto MU, Ubel PA. Health, wealth and happiness.
Psychological Science 2005; 16; 663-666.
Stamler R, Shipley M, Elliott P, Dyer A, Sans S, Stamler J. Higher blood pressure in
adults with less education – Some explanations from INTERSALT. Hypertension
1992; 19; 237-241.
Steptoe A, Kunz-Ebrecht S, Owen N, Feldman PJ, Rumley A, Lowe GDO, Marmot M.
Influence of socioeconomic status and job control on plasma fibrinogen responses
to acute mental stress. Psychosomatic Medicine 2003a; 65; 137-144.
Steptoe A, Kunz-Ebrecht S, Owen N, Feldman PJ, Willemsen G, Kirschbaum C, Marmot
M. Socioeconomic status and stress-related biological responses over the working
day. Psychosomatic Medicine 2003b; 65; 461-470.
Steptoe, A, Hamer M, Chida Y. The effects of acute psychological stress on circulating
inflammatory factors in humans: A review and meta-analysis. Brain, Behavior, and
Immunity 2007; 21; 901-912.
Steptoe A, Wardle J. Positive affect and biological function in everyday life.
Neurobiology of Aging 2005; 26 (Supplement 1); S108-S112.
Steptoe A, Wardle J, Marmot M. Positive affect and health-related neuroendocrine,
cardiovascular, and inflammatory processes. Proceedings of the National Academy
of Science of the United States 2005; 102; 6508-6512.
Theodossiou I. The effects of low-pay and unemployment on psychological well-being:
A logistic regression approach. Journal of Health Economics 1998; 17; 85-104.

22

Toivanen S, Hemstrom O. Income differences in cardiovascular disease: Is the
contribution from work similar in prevalence versus mortality outcomes?
International Journal of Behavioral Medicine 2006; 13; 89-100.
Troubat N, Fargeas-Gluck MA, Tulppo M, Dugue B. The stress of chess players as a
model to study the effects of psychological stimuli on physiological responses: An
example of substrate oxidation and heart rate variability in man. European Journal
of Applied Physiology 2009; 343-349.
Urry HL, Nitschke JB, Dolski I, Jackson DC, Dalton KM, Mueller CJ, Rosenkratz MA,
Ryff CD, Singer BH, Davidson RJ. Making a life worth living: Neural correlates of
well-being. Psychological Science 2004; 15; 367-272.
Van Praag B, Ferrer-I-Carbonell A. Happiness quantified: A satisfaction calculus
approach. Oxford University Press: Oxford; 2004.
Wilson TW, Kaplan GA, Kauhanen J, Cohen RD, Wu M, Salonen R, Salonen JT.
Association between plasma fibrinogen concentration and five socioeconomic
indices in the Kuopio Ischemic Heart Disease Risk Factor Study. American Journal
of Epidemiology 1993; 137; 292-300.
Wright TA, Cropanzano R, Bonett DG, Diamond WJ. The role of employee
psychological wellbeing in cardiovascular health: when the twain shall meet.
Journal of Organizational Behavior 2009; 30; 193-208.

23

Table 1. Pulse (i.e. Resting Heart Rate) Regression Equations, 1998-2007
(1)
Log income
# Fruit & vegetables
Age
-.0890 (5.16)
Age2
.0005 (3.14)
Male
-2.6633 (29.04)
BMI
.1972 (21.29)
Black
.8763 (3.38)
Asian
2.9950 (14.32)
Other race
-.0340 (0.07)
Still at school
1.0701 (1.85)
AgeLeftSchool≤14
-.0507 (0.17)
ALS 15
-.1007 (0.37)
ALS 16
-.1074 (0.41)
ALS 17
.0358 (0.12)
ALS 18
-.4403 (1.55)
ALS >=19
-.4196 (1.59)
Married/living
-.8774 (7.08)
Separated/divorced
.3808 (2.14)
North West
.3146 (1.49)
Yorks/Humber
.8859 (3.98)
East Midlands
-.1118 (0.50)
West Midlands
-.6687 (2.97)
East Anglia
-.8390 (3.81)
London
-.5300 (2.37)
South East
-.4359 (2.05)
South West
-.9114 (4.13)
Employed
.0279 (0.10)
Govt scheme
-.0810 (0.07)
Unpaid work
-.7787 (0.82)
Wait work
.4620 (0.53)
Unemployed
1.2065 (2.95)
Temp sick
2.7377 (3.64)
Disabled
3.4113 (9.48)
Retired
.1504 (0.47)
Home worker
1.2658 (4.09)
Labor force dk
3.6890 (1.23)
Household size
.2295 (4.35)
# Children
-.0883 (1.25)
Smokes cigarettes
3.4138 (32.03)
Constant
67.7384
Year dummies
9
Social class dummies
N
76,621
2
Adjusted R
.0524

(2)
-.3371 (4.60)

(3)
-.2738 (3.62)

-.1030 (5.35)
.0007 (3.60)
-2.6453 (26.35)
.2013 (19.93)
.6038 (2.08)
3.0078 (12.60)
.2084 (0.39)
.9492 (1.44)
-.2751 (0.84)
-.2723 (0.90)
-.1539 (0.53)
.0546 (0.17)
-.3514 (1.12)
-.2727 (0.93)
-.7934 (5.74)
.3753 (1.94)
.3504 (1.54)
1.0094 (4.20)
.0631 (0.26)
-.5323 (2.20)
-.7467 (3.18)
-.4981 (2.05)
-.3702 (1.62)
-.7914 (3.34)
.0138 (0.04)
-.8293 (0.62)
-.7232 (0.67)
.4188 (0.43)
.7957 (1.73)
2.0543 (2.52)
3.1678 (7.92)
-.1684 (0.47)
1.0358 (3.00)
5.1333 (1.58)
.1653 (2.68)
-.0808 (1.02)
3.4104 (29.27)

-.0951 (4.91)
.0006 (3.28)
-2.6283 (24.40)
.2010 (19.86)
.5675 (1.95)
2.8532 (11.81)
.2079 (0.39)
.7928 (1.20)
-.3155 (0.96)
-.2827 (0.93)
-.1043 (0.36)
.1485 (0.46)
-.2171 (0.69)
-.0651 (0.22)
-.7529 (5.43)
.3825 (1.97)
.3388 (1.48)
.9946 (4.13)
.0635 (0.26)
-.5451 (2.25)
-.7366 (3.13)
-.5079 (2.09)
-.3569 (1.56)
-.7812 (3.29)
.2634 (0.82)
-.4875 (0.36)
-.4406 (0.41)
.7107 (0.73)
.9387 (2.02)
2.2305 (2.73)
3.3335 (8.26)
.0770 (0.21)
1.1095 (3.19)
8.0924 (2.30)
.1487 (2.41)
-.0754 (0.95)
3.4125 (29.16)

71.3670
9
65,297
.0513

Source: National Health Surveys of England. OLS equations.
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71.3565
9
8
65,146
.0517

(4)
-.2713 (2.97)
-.1657 (7.15)
-.1003 (4.28)
.0006 (2.66)
-2.7858 (21.63)
.2097 (17.39)
1.0834 (2.95)
2.8210 (9.27)
-.2598 (0.36)
.5254 (0.63)
-.6807 (1.69)
-.2534 (0.70)
-.0707 (0.20)
.1883 (0.49)
-.1366 (0.37)
.1767 (0.50)
-.5929 (3.54)
.6313 (2.71)
.3514 (1.29)
.4477 (1.56)
-.4202 (1.44)
-.7200 (2.50)
-.8165 (2.91)
-.6552 (2.22)
-.5653 (2.07)
-1.2908 (4.60)
.0718 (0.19)
-.5119 (0.30)
-.3551 (0.27)
.3550 (0.32)
.7219 (1.27)
1.6013 (1.62)
3.1206 (6.46)
-.0472 (0.11)
.8432 (2.03)
7.4525 (2.14)
.0639 (0.85)
-.0217 (0.22)
3.1939 (22.23)

72.9774
5
8
43,754
.0556

Notes: Years 1998-2007. ALS is age left school. Fruit and vegetable portions available only for 20012006. Excluded categories no ft education; single and widowed; controls also included for retired; home
worker; going to school or college; doing unpaid work; on a government scheme waiting to take up a job.
Income is equivalised household income. The calculation of the equivalised income involves calculating a
McClement score for each household (dependent on number, age and relationships of adults and children in
the household), and then dividing the total household income by this score to get an equivalised household
income. Social class fits individuals into seven classes plus na and not fully described, i.e. i-professional ;
ii- managerial technical; iiin-skilled non-manual; iiim-skilled manual; iv-semi-skilled manual; v- unskilled
manual and vi- armed forces.
t-statistics in parentheses.
All equations also include 11 month-of-interview dummies and 6 day-of-interview dummies.
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Table 2. Systolic Blood-Pressure Regression Equations, 1998-2006
(1)
(2)
(3)
(4)
Log income
-.5902 (6.15)
-.4360 (4.40)
-.0894 (0.75)
# Fruit & vegetables
-.0992 (3.29)
Age
.4249 (73.85)
.4263 (68.38)
.4289 (68.42)
.4170 (55.31)
Male
5.4704 (44.82) 5.5646 (42.28) 5.7508 (40.77) 6.1893 (36.89)
BMI
.6866 (56.04)
.6870 (52.20)
.6887 (52.26)
.6711 (42.95)
Black
1.0761 (3.12)
.9191 (2.42)
.8979 (2.36)
1.0977 (2.30)
Asian
-.6367 (2.29)
-.7371 (2.35)
-.8466 (2.67)
-.8260 (2.08)
Other race
-1.7936 (2.78)
-1.8751 (2.69)
-1.8172 (2.59)
-1.4853 (1.60)
Still at school
1.4639 (1.91)
.8343 (0.97)
.7390 (0.85)
1.2187 (1.12)
ALS ≤14
.8103 (2.07)
.4762 (1.11)
.3668 (0.85)
.2225 (0.42)
ALS 15
-.8974 (2.49)
-1.1061 (2.81)
-1.1524 (2.92)
-.7697 (1.64)
ALS 16
-.9737 (2.82)
-1.2554 (3.34)
-1.1719 (3.10)
-.9745 (2.18)
ALS 17
-.9057 (2.36)
-1.1434 (2.75)
-.9911 (2.37)
-.6533 (1.32)
ALS 18
-.9059 (2.41)
-.9465 (2.31)
-.6972 (1.69)
-.1436 (0.30)
ALS >=19
-1.6348 (4.68)
-1.6562 (4.33)
-1.2255 (3.15)
-.7157 (1.56)
Married/living
-3.8223 (24.96) -3.7105 (21.87) -3.6034 (21.14) -3.5381 (17.17)
Separated/divorced -3.1097 (13.46) -3.1977 (12.95) -3.1316 (12.67) -2.6475 (8.90)
North West
-1.6165 (5.73)
-1.6870 (5.64)
-1.6700 (5.58)
-1.3452 (3.79)
Yorks/Humber
-.4623 (1.56)
-.4372 (1.39)
-.4352 (1.38)
-.4571 (1.22)
East Midlands
-1.6581 (5.56)
-1.6455 (5.21)
-1.6230 (5.13)
-1.9590 (5.17)
West Midlands
-1.9877 (6.63)
-1.9643 (6.18)
-1.9380 (6.09)
-1.8648 (4.98)
East Anglia
-2.6109 (8.91)
-2.5728 (8.35)
-2.5378 (8.22)
-2.7257 (7.45)
London
-4.0991 (13.77) -4.0938 (12.85) -4.087 (12.81)
-4.3530 (11.29)
South East
-1.9321 (6.81)
-1.9369 (6.46)
-1.9158 (6.38)
-2.3272 (6.52)
South West
-2.3187 (7.89)
-2.2913 (7.37)
-2.2514 (7.22)
-2.5160 (6.88)
Employed
-.5696 (1.55)
-.4376 (1.07)
-.1699 (0.41)
-.5592 (1.13)
Govt scheme
-.3578 (0.22)
-1.1803 (0.67)
-.7648 (0.44)
-1.4422 (0.65)
Unpaid work
-2.4194 (1.92)
-3.2762 (2.31)
-3.0727 (2.16)
-2.0619 (1.18)
Wait work
.0488 (0.04)
-.1555 (0.12)
.1283 (0.10)
-.4078 (0.28)
Unemployed
-.2889 (0.53)
-.6904 (1.15)
-.5342 (0.88)
-.3472 (0.47)
Temp sick
-1.7766 (1.78)
-2.6447 (2.48)
-2.4198 (2.26)
-3.2686 (2.54)
Disabled
-2.2812 (4.81)
-2.6145 (5.05)
-2.4085 (4.60)
-2.5692 (4.13)
Retired
.5894 (1.37)
.3375 (0.71)
.6146 (1.28)
.4939 (0.87)
Home worker
-8.0706 (2.01)
-7.0255 (1.65)
-6.0639 (1.32)
-1.4057 (0.31)
Household size
.2804 (4.00)
.1437 (1.78)
.1181 (1.46)
.1075 (1.10)
# Children
-1.6608 (17.81) -1.6145 (15.64) -1.5911 (15.38) -1.5733 (12.54)
Smokes cigarettes
.9289 (6.55)
.8085 (5.30)
.8079 (5.27)
.8661 (4.63)
(
Constant
99.0440
105.1435
104.2566
95.7027
Year dummies
9
9
9
6
Social class dummies
8
8
N
76,621
65,295
65,144
43,754
Adjusted R2
.2989
.3000
.3003
.2981
Source: National Health Surveys of England, 1998-2006
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Table 3. Diastolic Blood-Pressure Regression Equations, 1998-2006
(1)
(2)
(3)
(4)
Log income
-.0846 (1.14)
-.1005 (1.31)
-.0089 (0.10)
# Fruit & vegetables
-.0911 (3.95)
Age
.8976 (51.33)
.8869 (45.44)
.8927 (45.42)
.8511 (36.54)
Age2
-.0074 (41.59)
-.0073 (36.32)
-.0073 (36.38)
-.0072 (29.78)
Male
2.6122 (28.09) 2.6830 (26.36) 2.7171 (24.89) 2.1155 (16.52)
BMI
.4431 (47.15)
.4448 (43.45)
.4457 (43.45)
.4886 (40.75)
Black
1.4819 (5.64)
1.5033 (5.11)
1.5177 (5.15)
1.6593 (4.54)
Asian
1.7254 (8.14)
1.7912 (7.40)
1.6984 (6.93)
1.9657 (6.49)
Other race
-.3808 (0.78)
-.4610 (0.86)
-.5056 (0.93)
-.8277 (1.17)
Still at school
.1249 (0.21)
-.3117 (0.47)
-.4414 (0.66)
-.0283 (0.03)
ALS ≤14
-.3016 (1.01)
-.4459 (1.34)
-.3853 (1.15)
-.9315 (2.32)
ALS 15
-.6323 (2.28)
-.7621 (2.48)
-.7027 (2.28)
-.5651 (1.56)
ALS 16
-.4281 (1.62)
-.5617 (1.92)
-.5118 (1.74)
-.4210 (1.23)
ALS 17
-.0085 (0.03)
-.0895 (0.28)
-.0449 (0.14)
.1224 (0.32)
ALS 18
-.0892 (0.31)
-.1167 (0.37)
-.0678 (0.21)
.1456 (0.39)
ALS >=19
.0739 (0.28)
-.0014 (0.01)
.0285 (0.09)
.3257 (0.93)
Married/living
-1.3194 (10.50) -1.3303 (9.49)
-1.3108 (9.33)
-1.3186 (7.92)
Separated/divorced
-.6370 (3.52)
-.7317 (3.72)
-.7220 (3.67)
-.5549 (2.39)
North West
-1.0967 (5.11)
-1.1354 (4.91)
-1.1350 (4.90)
-.9109 (3.36)
Yorks/Humb
.0944 (0.42)
.0944 (0.39)
.1024 (0.42)
.0327 (0.11)
East Midlands
-1.6090 (7.09)
-1.5648 (6.41)
-1.5373 (6.29)
-1.7489 (6.04)
West Midlands
-1.7312 (7.59)
-1.7725 (7.22)
-1.7622 (7.16)
-1.6096 (5.63)
East Anglia
-1.8936 (8.48)
-1.9519 (8.19)
-1.9247 (8.06)
-1.9229 (6.89)
London
-2.3099 (10.19) -2.4064 (9.77)
-2.4012 (9.73)
-2.5242 (8.58)
South East
-1.5631 (7.24)
-1.6131 (6.96)
-1.5908 (6.85)
-1.6774 (6.16)
South West
-1.4212 (6.35)
-1.4691 (6.11)
-1.4542 (6.03)
-1.7115 (6.13)
Employed
-.2622 (0.93)
-.1311 (0.41)
.0921 (0.28)
-.1672 (0.44)
Govt scheme
.0064 (0.01)
-.0959 (0.07)
.1408 (0.10)
-.6849 (0.41)
Unpaid work
-2.2386 (2.33)
-2.8235 (2.58)
-2.6070 (2.37)
-2.2884 (1.72)
Wait work
.1185 (0.13)
-.1281 (0.13)
.1232 (0.13)
-.4622 (0.42)
Unemployed
.2051 (0.49)
.1876 (0.40)
.2985 (0.63)
.5303 (0.94)
Temp sick
.1634 (0.21)
-.5318 (0.64)
-.3481 (0.42)
-1.1979 (1.22)
Disabled
-.0057 (0.02)
-.0461 (0.11)
.1027 (0.25)
-.0112 (0.02)
Retired
-1.3980 (4.26)
-1.4744 (4.02)
-1.2780 (3.43)
-1.4067 (3.23)
Home worker
-.6826 (2.17)
-.5303 (1.52)
-.4286 (1.22)
-.2354 (0.57)
Household size
-.1424 2.66)
-.2283 (3.66)
-.2357 (3.76)
-.1847 (2.48)
# Children
-.3181 (4.46)
-.2482 (3.09)
-.2505 (3.11)
-.3429 (3.56)
Smokes cigarettes
.3035 (2.81)
.2883 (2.44)
.3164 (2.67)
.3752 (2.63)
()
Constant
41.8321
42.9079
43.3626
42.3783
Year dummies
9
9
9
6
Social class dummies
8
8
N
76621
652997
65146
43755
Adjusted R2
.1457
.1409
.1409
.1421
Source: National Health Surveys of England, 1998-2006
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Table 4. Fibrinogen Regression Equations, 1998-2006
(1)
(2)
Log income
-.0189 (3.00)
# Fruit & vegetables
Age
.0114 (29.69)
.0115 (27.41)
Male
-.1885 (23.70)
-.1808 (21.03)
BMI
.0333 (40.75)
.0324 (36.62)
Black
-.0391 (1.89)
-.0479 (2.11)
Asian
.1184 (7.16)
.1067 (5.78)
Other race
.1240 (2.91)
.1147 (2.48)
Still at school
.0329 (0.66)
.0958 (1.73)
ALS ≤14
.0224 (0.85)
.0236 (0.82)
ALS 15
-.0283 (1.15)
-.0243 (0.91)
ALS 16
-.0432 (1.81)
-.0363 (1.40)
ALS 17
-.0699 (2.68)
-.0534 (1.89)
ALS 18
-.0659 (2.56)
-.0534 (1.90)
ALS >=19
-.0877 (3.66)
-.0731 (2.79)
Married/living
-.0483 (4.78)
-.0441 (3.92)
Separated/divorced
-.0269 (1.86)
-.0274 (1.76)
North West
.0031 (0.16)
.0004 (0.02)
Yorks/Humb
-.0132 (0.65)
-.0075 (0.35)
East Midlands
-.0058 (0.29)
-.0054 (0.26)
West Midlands
-.0129 (0.64)
-.0090 (0.42)
East Anglia
-.0393 (1.97)
-.0344 (1.63)
London
.0103 (0.52)
.0080 (0.38)
South East
-.0053 (0.28)
.0002 (0.01)
South West
-.0123 (0.62)
-.0039 (0.19)
Employed
-.0179 (0.69)
-.0394 (1.35)
Govt scheme
.0649 (0.53)
.0518 (0.40)
Unpaid work
.0190 (0.23)
.0121 (0.13)
Wait work
.0974 (1.20)
.0871 (1.00)
Unemployed
.0316 (0.84)
-.0009 (0.02)
Temp sick
.1265 (1.90)
.0864 (1.21)
Disabled
.1472 (4.42)
.1092 (2.99)
Retired
.1076 (3.63)
.0708 (2.15)
Home worker
.0732 (2.55)
.0577 (1.82)
Household size
.0101 (2.20)
.0118 (2.21)
# Children
-.0222 (3.69)
-.0291 (4.32)
Smokes cigarettes
.2532 (26.91)
.2475 (24.41)

(3)
-.0154 (2.36)
.0116 (27.55)
-.1848 (20.03)
.0323 (36.56)
-.0496 (2.18)
.0984 (5.27)
.1147 (2.48)
.0810 (1.45)
.0220 (0.76)
-.0227 (0.84)
-.0311 (1.20)
-.0460 (1.62)
-.0436 (1.55)
-.0600 (2.25)
-.0417 (3.70)
-.0266 (1.71)
.0011 (0.06)
-.0070 (0.33)
-.0047 (0.22)
-.0079 (0.37)
-.0331 (1.57)
.0079 (0.37)
.0016 (0.08)
-.0020 (0.09)
-.0236 (0.80)
.0741 (0.57)
.0289 (0.31)
.1055 (1.20)
.0129 (0.31)
.1016 (1.42)
.1218 (3.31)
.0857 (2.58)
.0600 (1.89)
.0109 (2.03)
-.0286 (4.24)
.2483 (24.38)

(4)
-.0074 (0.84)
-.0096 (4.28)
.0122 (21.07)
-.2000 (15.98)
.0333 (27.93)
-.0509 (1.58)
.1109 (4.17)
.1343 (1.66)
.0275 (0.34)
.0509 (1.25)
.0005 (0.02)
-.0094 (0.26)
-.0056 (0.15)
-.0378 (0.98)
-.0257 (0.71)
-.0569 (3.64)
-.0256 (1.19)
.0032 (0.12)
-.0061 (0.21)
-.0446 (1.50)
.0311 (1.09)
-.0470 (1.63)
.0114 (0.39)
-.0122 (0.44)
.0186 (0.66)
-.0580 (1.45)
.2347 (1.26)
-.1867 (1.44)
-.0321 (0.28)
.0365 (0.61)
.1226 (1.23)
.1031 (2.04)
.0415 (0.92)
.0098 (0.23)
.0178 (2.37)
-.0323 (3.40)
.2647 (18.23)

Constant
1.4273
1.6551
1.6764
1.9236
Year dummies
5
5
5
3
Social class dummies
8
8
N
31,212
26,814
26,814
14,760
Adjusted R2
.2543
.2482
.2488
.2030
Source: National Health Surveys of England, 1998-2006
Notes: Years 1998-2000 and 2003-2006. Switching to a logged dependent variable leaves the
results essentially unchanged.
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Table 5. Log C-Reactive Protein Regression Equations, 1998-2006
(1)
(2)
(3)
Log income
-.0409 (3.92)
-.0359 (3.34)
# Fruit & vegetables
Age
.0104 (16.32)
.0100 (14.55)
.0102 (14.69)
Male
-.1624 (12.33)
-.1611 (11.34)
-.1600 (10.50)
BMI
.0931 (68.97)
.0926 (63.75)
.0927 (63.75)
Black
-.1578 (4.75)
-.1747 (4.79)
-.1752 (4.80)
Asian
.1831 (6.85)
.1659 (5.57)
.1641 (5.45)
Other race
.0286 (0.42)
.0333 (0.45)
.0327 (0.44)
Still at school
.3420 (4.29)
.3318 (3.70)
.3325 (3.69)
ALS ≤14
.2457 (5.64)
.2238 (4.70)
.2185 (4.58)
ALS 15
.1266 (3.14)
.1305 (2.98)
.1268 (2.89)
ALS 16
.0413 (1.06)
.0402 (0.96)
.0397 (0.94)
ALS 17
.0326 (0.77)
.0428 (0.93)
.0434 (0.94)
ALS 18
.0680 (1.62)
.0831 (1.83)
.0880 (1.92)
ALS >=19
-.0117 (0.30)
.0064 (0.15)
.0231 (0.54)
Married/living
-.0239 (1.42)
-.0220 (1.18)
-.0213 (1.14)
Separated/divorced
-.0517(2.16)
-.0659 (2.57)
-.0653 (2.54)
North West
-.0419 (1.31)
-.0403 (1.19)
-.0398 (1.17)
Yorks/Humber
-.0546 (1.61)
-.0558 (1.55)
-.0561 (1.55)
East Midlands
-.0424 (1.27)
-.0468 (1.32)
-.0468 (1.31)
West Midlands
-.0397 (1.18)
-.0529 (1.49)
-.0523 (1.47)
East Anglia
-.0610 (1.83)
-.0715 (2.03)
-.0721 (2.05)
London
-.0675 (2.05)
-.0693 (1.96)
-.0715 (2.02)
South East
-.0488 (1.52)
-.0509 (1.49)
-.0513 (1.50)
South West
-.0884 (2.65)
-.0940 (2.65)
-.0933 (2.63)
Employed
.0605 (1.45)
.0631 (1.36)
.0659 (1.39)
Govt scheme
-.1285 (0.67)
-.1920 (0.93)
-.1875 (0.91)
Unpaid work
.0638 (0.47)
.1489 (1.00)
.1480 (0.99)
Wait work
.2215 (1.71)
.2754 (1.97)
.2784 (1.99)
Unemployed
.1619 (2.68)
.1481 (2.21)
.1518 (2.25)
Temp sick
.2268 (2.14)
.2367 (2.08)
.2415 (2.11)
Disabled
.3878 (7.26)
.3629 (6.21)
.3663 (6.21)
Retired
.2515 (5.24)
.2288 (4.31)
.2320 (4.32)
Home worker
.2000 (4.34)
.1854 (3.64)
.1848 (3.63)
Household size
.0214 (2.91)
.0221 (2.55)
.0219 (2.52)
# Children
-.0411 (4.23)
-.0522 (4.80)
-.0512 (4.70)
Smokes cigarettes
.3002 (19.52)
.2927 (17.70)
.2925 (17.61)
Constant
-2.7031
-2.2609
-2.3052
Year dummies
4
4
4
Social class dummies
8
N
30,522
26,306
26,306
Adjusted R2
.2198
.2147
.2149
Source: National Health Surveys of England, 1998-2006
Notes: Years 1998, 1999, 2003, 2004 and 2006.
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(4)
-.0382 (2.77)
-.0271 (7.72)
.0094 (10.31)
-.1586 (8.08)
.0916 (49.12)
-.1804 (3.61)
.1990 (4.83)
.1123 (0.90)
.1705 (1.33)
.2312 (3.59)
.1536 (2.64)
.0726 (1.30)
.0986 (1.63)
.0909 (1.52)
.0859 (1.53)
-.0396 (1.61)
-.0340 (1.02)
-.0143 (0.33)
-.0647 (1.39)
-.0659 (1.40)
-.0392 (0.87)
-.0426 (0.94)
-.0727 (1.57)
-.0397 (0.89)
-.0834 (1.86)
.0657 (1.07)
.0001 (0.00)
.1252 (0.64)
.2552 (1.47)
.1220 (1.33)
.1814 (1.17)
.3772 (4.87)
.1979 (2.86)
.1537 (2.30)
.0351 (3.01)
-.0634 (4.29)
.2836 (12.60)

-2.0907
2
8
14,756
.2157

Table 6. Ordered Logit 'Been Feeling Reasonably Happy' Equations, 1998-2006
(1)
(2)
(3)
(4)
Log income
.0571 (4.33)
.0693 (5.10)
.0644 (3.82)
# Fruit & vegetables
.0299 (6.95)
Age
-.0283 (9.12)
-.0313 (9.10)
-.0312 (9.02)
-.0351 (8.07)
Age2
.0002 (8.08)
.0002 (8.31)
.0002 (8.30)
.0003 (7.14)
Male
.1950 (11.72)
.1990 (10.97)
.1828 (9.41)
.1740 (7.23)
BMI
-.0033 (1.98)
-.0030 (1.66)
-.0032 (1.81)
-.0033 (1.50)
Black
.2171 (4.88)
.2902 (5.91)
.2833 (5.76)
.2956 (4.68)
Asian
.0957 (2.78)
.0951 (2.40)
.0962 (2.40)
.1576 (3.03)
Other race
-.0194 (0.21)
-.0457 (0.45)
-.0453 (0.45)
-.1350 (0.95)
Still at school
.0253 (0.22)
-.1137 (0.87)
-.1132 (0.86)
-.0615 (0.37)
ALS ≤14
-.0197 (0.38)
-.0235 (0.41)
-.0466 (0.81)
.0197 (0.27)
ALS 15
.0803 (1.68)
.0711 (1.35)
.0569 (1.07)
.1107 (1.70)
ALS 16
-.0106 (0.23)
-.0301 (0.60)
-.0307 (0.61)
-.0193 (0.31)
ALS 17
-.0495 (0.97)
-.0842 (1.50)
-.0744 (1.32)
-.0648 (0.94)
ALS 18
-.0190 (0.38)
-.0840 (1.52)
-.0702 (1.27)
-.1179 (1.75)
ALS >=19
.0468 (1.01)
-.0076 (0.15)
.0135 (0.26)
.0338 (0.53)
Married/living
.1020 (4.57)
.0980 (3.96)
.1001 (4.04)
.1033 (3.34)
Separated/divorced
-.1566 (4.79)
-.1329 (3.76)
-.1329 (3.76)
-.0734 (1.66)
North West
.0075 (0.19)
.0139 (0.34)
.0160 (0.39)
.0054 (0.10)
Yorks/Humber
.0028 (0.07)
.0059 (0.14)
.0057 (0.13)
.0462 (0.85
East Midlands
.0372 (0.91)
.0513 (1.17)
.0502 (1.15)
.0202 (0.37)
West Midlands
.0578 (1.41)
.0699 (1.60)
.0701 (1.60)
.0193 (0.36)
East Anglia
.0733 (1.83)
.0659 (1.55)
.0684 (1.61)
.0461 (0.87)
London
.0643 (1.60)
.0827 (1.90)
.0875 (2.01)
.0393 (0.72)
South East
.0407 (1.05)
.0486 (1.17)
.0515 (1.24)
.0375 (0.73)
South West
.0906 (2.22)
.1198 (2.74)
.1212 (2.77)
.1227 (2.27)
Employed
.0427 (0.87)
.0293 (0.53)
.0242 (0.43)
.0632 (0.91)
Govt scheme
.2898 (1.42)
.1714 (0.75)
.1837 (0.81)
.2489 (0.81)
Unpaid work
-.0681 (0.38)
.1026 (0.50)
.1055 (0.52)
.4163 (1.64)
Wait work
.1557 (0.97)
.1690 (0.97)
.1634 (0.94)
.4569 (2.25)
Unemployed
-.4967 (6.92)
-.4566 (5.68)
-.4614 (5.72)
-.4666 (4.56)
Temp sick
-1.5082 (12.28) -1.5057 (11.33) -1.5162 (11.37) -1.3811 (8.08)
Disabled
-1.3518 (21.69) -1.3380 (19.40) -1.3480 (19.38) -1.3624 (15.87)
Retired
-.0200 (0.35)
-.0268 (0.42)
-.0255 (0.39)
-.0478 (0.59)
Home worker
-.0866 (1.57)
-.1043 (1.70)
-.1108 (1.80)
-.1285 (1.69)
Household size
.0199 (2.11)
.0266 (2.43)
.0259 (2.36)
.0284 (2.05)
# Children
-.0637 (5.00)
-.0609 (4.27)
-.0607 (4.25)
-.0708 (3.91)
Smokes cigarettes
-.1831 (9.56)
-.1804 (8.66)
-.1884 (9.01)
-.2085 (7.83)
Cut 1
Cut 2
Cut 3
Year dummies
Social class dummies
N
Pseudo R2

-4.7844
-2.8107
1.6038
8

-4.3002
-2.3178
2.1057
8

98,066
.0170

82185
.0181

Source: National Health Surveys of England, 1998-2006
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-4.2032
-2.2205
2.2047
8
8
82,185
.0184

-4.3198
-2.2849
2.1633
5
8
53,195
.0203

Appendix 1. Table of Means and Standard Deviations

Pulse in beats per minute
Diastolic b.p.
Systolic b.p.
Fibrinogen score
C-reactive protein score
Age
Male
BMI
1998
1999
2000
2001
2002
2003
2004
2005
2006
2007
Still at school
AgeLeftSchool <=14
ALS 15
ALS 16
ALS 17
ALS 18
ALS >=19
Married/living together
Separated/widowed/divorced
Student
Employed
Govt scheme
Unpaid work
Wait work
Unemployed
Temp sick
Disabled
Retired
Home worker
Labor force dk
Household size
# Children
Smoker
Log household income
Sclass n/a
Sclass i
Sclass ii
Sclass iiin
Sclass iiim

N
83739
83737
83737
34318
32857
124659
124659
108366
124659
124659
124659
124659
124659
124659
124659
124659
124659
124659
122926
122926
122926
122926
122926
122926
122926
122124
122124
121413
121413
121413
121413
121413
121413
121413
121413
121413
121413
121413
122166
122166
124577
100436
124421
124421
124421
124421
124421

31

Mean
70.9746
74.2962
132.3305
2.9306
3.3677
47.7830
.4440
26.7014
.1276
.1174
.0840
.1255
.0828
.1190
.1084
.0826
.1134
.0388
.0088
.1231
.1820
.2529
.0790
.0886
.1907
.6047
.0904
.0639
.5264
.0016
.0020
.0026
.0219
.0039
.0407
.2238
.1125
.0001
2.8165
.5332
.2382
9.7588
3.0360
.0437
.2539
.2260
.1710

Standard deviation
12.4291
13.2000
19.5979
.7877
6.6877
19.5097
.4968
4.9535
.3336
.3219
.2775
.3313
.2756
.3238
.3109
.2753
.3171
.1933
.0937
.3286
.3859
.4346
.2698
.2842
.3929
.4888
.2868
.2446
.4993
.0401
.0456
.0514
.1466
.0624
.1977
.4168
.3160
.0118
1.4594
.9479
.4259
.8315
1.7662
.2045
.4352
.4182
.3765

Sclass iv
Sclass v
Sclass armed forces
Sclass dk
#Fruit & vegetable portions per day

124421
124421
124421
124421
80941

.1678
.0539
.0017
.0031
3.6219

Distribution of well-being dependent variable
Been feeling reasonably happy
Much less than usual
Less so than usual
About same as usual
More so than usual
Total

1,784
9,348
86,945
12,445
110,522
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.3737
.2259
.0415
.0563
2.6247
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