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Less money or better health? Evaluating individual’s willingness to make trade-offs using life
satisfaction data

Abstract: Health care practitioners are increasingly required to make more efficient decisions when it
comes to allocating health care expenditure. This requires not only information relating to the costs
of medical interventions, but also the benefits of such interventions on individual’s overall well-being.
In order to calculate the well-being losses associated with health conditions, this study uses the
compensating income variation approach (ClV), to calculate the amount of extra equivalent household
income to make someone who suffers from one of 15 health conditions, as well off in terms of life
satisfaction as someone who does not have these health conditions. To help put these findings into
perspective, this study also calculates CIVs for many other factors commonly found to be significantly
associated with subjective well-being (e.g. unemployment, widowhood, separation and indicators of
social capital). This paper builds on previous work using CIVs in health by addressing the issue of income
endogeneity in life satisfaction and also testing how robust the derived ClVs are to the inclusion of
personality measures, namely the Big Five personality traits. The analysis suggests that health
conditions significantly affect individual’s quality of life and that the amount needed to make someone
with a health condition as well off as someone without those health conditions can be substantive,
albeit less than is commonly reported in the literature using the CIV approach to date.

Keywords: medical conditions; self-reported quality of life, compensating income variation;
instrumental variables; health

1. Introduction

Faced with ever increasing costs, policymakers need to imfmkened decisions about which
types of health care interventions should be prioritemest others. In addition to considering
the costs of such interventigrdecision making about the allocation of resources im#adth
domain requires information about the value attdd¢h health improvements (Groot and van
den Brink, 2006). When it comes to assessing the valueatihltare interventions, there are
a number of different economic methodologies used.e 3impliest method commonly
employed is cost-effectiveness analysis as the bs@eétmeasured as a single unidimensional
outcome, e.g. cases prevented, conditions diagnoseife oyebrs gained. An important
limitation is that this unidimensional approach may meat thher potentially important
outcomes are ignored. In comparison to cost effemtis® analysis (CEA), cost utility analysis
(CUA) considers a broader measure of health relatedmeatx such as quality adjusted life
years (QALYs). QALYs are a generic measure of diséasden which reflects both the

quality as well as quantity of life saved. It assumesliiag a year in perfect health is worth
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one QALY and living a year with less than perfect heatworth somewhere between 0 and

1, depending on the severity of the health condition.

A variety of procedures have been developed to determirer@negs for health states that are
less than perfect (i.e. less than one), by eliciting Hgtatal choices (Dolan and Kahneman
2008). The most common being the visual analogue scale (WAS)tandard gamble (SG)
and the time tradeoff (TTO) (see Dolan 2000 for a usefuévewif these methods). The VAS
requires respondents to rate health states on a sgpleallly represented by a vertical
"thermometer-type" line) with "worst" and "best" endpejmusually represented by 0 and 100,
respectively (Dolan, 1999While simple to use, it is subject to a number of biaseh sis
context and spreading bias, and end-point aversion (D20@@). Asvaluations derived from
the VAS are elicited in a choicelessatext, i.e. don’t require individuals’ to make trade-offs,
health economists generally prefer the choice based f8GTa0O methods (Dolan, 2000;
Tolley, 2009) For the SG approach, respondents choose between la $tasdt that is certain
(for example, frequent asthma attacks) and a gamble wiétbetter (e.g. full health) and one
worse (e.g. death) outcome possible. With the TTO, relgmis choose between living for a
defined period of time in a specified poorer health statieiog for a shorter period of time in
full health (Dolan, 1999) Some recent studies have sought to elicit mangormed’
preferences when using SG and TTO methods. For exampla) Boll. (2013) elicited
preferences for health states via a TTO that incorpdnadrious levels of satisfaction with life

alongside the standard health state descriptors.

An alternative preference based approach which more diraothgtises the benefits of health
care states is through contingent valuation (CV). V8@ and TTO methods the unit of the

scale is a quality adjusted life year, whereas with Gpaadents are asked how much they



would be willing to pay for a hypothetical change from ondthestate to another or simply
their WTP for the elimination of specified health risk8ne advantage of this approach is that
it more easily allows a direct comparison of the fiehef a health care intervention with its
costs than other choice based methdsiscond, by determiningn individuals’ willingness to
pay (WTP) we can also measure potential benefits offheate other than just health gain.
An additional advantage of this method is that it allpweferences for health to be considered
alongside other non-health attributes, that the individadues, i.e. allow a comparison
between the value individuals place on improvements in hesditive to other arguments in
their utility function (Dolan, 2000) The validity and reliability of the contingent valuatio
methodis, however, the subject of heated controversy, as igisear that the methodology is
susceptible to hypothetical bias and framing problems (Carsdn2001; Murphy et al., 2005;
Lusk and Norwood, 2009). More specifically, respondents arellyisoieesented with
hypothetical choice tasks - choices they may have rempal experience with - meaning that
they may find it difficult to fully understand and compretiehe actual scenario they are being
asked to assess. A further criticism of all stated peatar approaches is that people will
typically underestimate the extent to which they and otheits adapt to changs
circumstances, and as such, elicited choices under tleteda may not accurately reflect the
utility associated with different health states (Dodand Kahneman, 2008). Further common
criticisms of some of these choice based methods atethiey can be relatively time-

consuming and cognitively challenging for respondents (Dolan,; Zafliey, 2009).

Another widely used approach for obtaining WTP for healtkcames is through using
revealed preferences (RRyhere people’s preferences for healtébnditions are ‘revealed’
from observed behavior in the market (Mark and Swait, 2008;l&oamd Goldman, 2011)

The hedonic pricing approach, using wages, is an example ofasuapproach where the



amount that individuals need to be compensated for riskse&dthhis ascertained by
determining how wages differ in response to changing on lthiegalth risks (Viscusi and Aldi,
2004) One limitation with this approach arises from the isdiseli-selection as, for example,
workers who choose a certain occupation with high heskis are likely to be a select group
for whom health risks weigh less heavily than the genmvpllation (Cropper et al., 2011)
One further pervasive problem with all revealed prefereretéads is that consumer decisions
are based on perceived rather than objective perceptibredequate information on
occupational risks is missing, then people’s subjective assessment and objective measures may
not correspond with each other very well, thus leading toethi@stimates of individudls

willingness to pay (Frey et al., 2010)

More recently, the compensating income variation (Gpproach (also commonly referred to
as the subjective well-being valuation approach) has bempoged as an alternative to
preference based measures (e.g. stated and revealed jpesgren determining how much
individuals value improvements in health (Groot and van den B2D®6; (Ferrer-i-Carbonell
and van Praag, 2002; Powdthavee and van den Berg, 201%1).CIV method involves
regressing a measure of life satisfaction on diffehaatith conditions, controlling for other
personal characteristics such as income. The outputdumim a regression analysis can then
be used to calculate how much individuals are willing tderaff income for better health, by
estimating how much extra income an individual would requreffset a given loss in life
satisfaction arising from a health condition. In fegperwe use this approach to calculate the
level of compensation that is required to make an indalithdifferent between having and
not having 15 different health conditions, using a largenatiy representative survey in the

UK. Since this approach does not rely on stated valuatiaedefs prone to bias th&V, and



since it involves a randomly selected representative lsaofpndividuals it is not subject to

problems of self-selection, commonly associated withalegepreferences.

In calculating CIVs for health conditions, this paper assiee major issues in the existing
literature in this area. First, to the best of our keolge no study has accounted for
endogeneity in income when it comes to calculating compegsatome variations of health
conditions. Failure to account for endogeneity in incoreama that the effect of income on
life satisfaction is likely to be significantly understh&nd consequently derived CIVs which
reflect heah-income trade-offs will be biased upwards. Second, throughntiesion of
measures ofidividuals’ personality traits, commonly not available in large scale surveys, I
account for any personality induced bias in in the regresstimates. Personality induced
bias may have affected previous estimates of CIVs inthaslpeople with different personality
traits may be more/less affected by differences intheainditions and personality traits have
also been shown to significantly affect life satistact{see Steel et al., 2008)0One final
advantage of this work is that | calculate CIVs for matneowidely studied determinants of
subjective well-being (e.g. unemployment, relationship statdssacial capital). In this way
we can compare the CIVs for the health conditions uedamination with that from many
other factors commonly found to be significantly associaitiél life satisfaction. Our derived
CIVs for health conditions range from a low of £6,177 dsthma to a high of £33,502 for

congestive heafailure.

2. Life satisfaction and health
One of the central assumptions underpinning neo-classicabeics is that utility is formed
based on the consumption of goods. In keeping with thisegnalisation of well-being,

economists have commonly focused on determining how bestaweéncrease the choices



available to people through, for example, raising incomebatandividuals can satisfy their
preferences (Harsanyi, 1982; Dolan and White, 2007). Recentlevieo, there has been a
resurgence of interest among economists in subjectifeators of well-being, as money and
economic growth are increasingly recognised as an inadeqdatator of progress, especially
in developed countries (Constanza et al., 2014). For examiplle consumers are becoming
increasingly satiated with products, this is often not hextdy increases in how they rate their
quality of life. This in turn has led to greater effortmed at understanding the nature of
people’s well-being beyond consumption opportunities (Forgeard et al., 20iidchauer et

al., 2015)

In particular, there is increasing interest in usingatireports of subjective well-being in the
measurement of consumer preferences and social wetiaerging interdisciplinary research
has begun to address concerns regarding the reliabilityrgf trsese measures of well-being
as an approximation for individually experienced welfaratdity and they have been shown
to have a high scientific standard in terms of intecnasistency, reliability and validity (Dolan
and White 2007; Frey et al., 2010)For example, responses to life satisfaction questions is
highly sensitive to factors we would expect to affect welfare and in the ‘right’ direction (see
Fuujiwara and Dolan, 2016). Direct reports of subjective walidpare also correlated with
physical reactions that can be thought of as describingimteenal happiness (Alesina et al.,
2004). For instance, individuals reporting to have a high degfreell-being tend to smile
more (Pavot, 1991) and satisfied individuals are less likelpuffer from hypertension
(Blanchflower and Oswald, 2008). Furthermore, research inhp&ygy has shown that
responses to questions about life satisfaction correspidh external reports on respondents

by others (e.g. friends and partners) and life satisfacttings have also been shown to be



highly correlated with actual behaviour, e.g. suicide (Dialetlal, 2003; Bray and Gunnell,

2006).

Once we accept that subjective measures of well-being (#:geserted life satisfaction) can
be a valid approximation for individually experienced welfareutility, then we can value
health conditions by estimating a micro-econometfécdatisfaction function with the health
conditions of interest and income included as explanatngbles. Not only will this provide
a direct measure of the relationship between heafititions and individuals’ reported well-
being, but by using the point estimates for income and tealditions we can calculate
constant trade-off ratios (Frey et al.,, 2010). In otherds, how much extra income an
individual would need to be compensated for a deterioratidheimn health. These trade-off
ratios between income and health can inform on thefibepé health care interventions and,
as such, assist policymaking decisions when it comes tebeosfit analysis, which is the
primary evaluation tool for health care expenditure osirdeveloped countries (Dolan and

Fujiwara, 2016).

This approach avoids some of the difficulties inherenh wiated and revealed preferences.
For example, it does not require that respondents eedhyabthetical situations as in stated
preference methods (e.g. contingent valuation). It $® dss cognitively demanding for

respondents and there is no reason to expect answersaffedted by strategic behaviour

Furthermore, in contrast to revealed preferences it doepresume rational agents and that
markets are in equilibrium (Welsch, 2006). There is growatgptance and subsequent use
of this compensating income variation approach in do@m@mics literature. It has been used,

for exampleto place a monetary value on airport noise (van Praag aasBa, 2005), flood



disasters (Luechinger and Raschky, 2009), terrorism (Fraly, &009), weather and climate

(Maddison and Rehdan2011) and air pollution (Luechinger, 2009; Levinson, 2012).

An important normative issue surrounds the question as tdharritie measure of subjective
well-being used in calculating values for health can ben stmply as a substitute for
preferences (Adler, 2013; Dolan and Fujiwara, 2016). If subgatdicators of well-being
reflect the degree to which an individuals’ preferences are satisfied, then then CIVs can be
interpreted as equivalent to willingness to pay and willingtesscept figures.Dolan and
Kahneman (2008) and Fujiwara and Dolan (2016), among others, asejsbjective well-
being measures provide an indication of experience as eppogpreference utility. In other
words, subjective well-being measures record the intensity witich an individual is
experiencing a positive or a negative state and the farhpacting how intense that state is
(Adler, 2013). When subjective well-being is viewed in expesgeutility terms, the CIVs
cannot be seen as comparable with values derived franriéference based approaches such
as revealed and stated preference methods (Fujiwaradad, 2016). Subjective well-being
measures indicate the quality of an individual’s mental state, and importantly for the purposes

of policy formulation, still present legitimate estimstof compensating and equivalent

measures of welfare charg&ujiwara and Dolan, 2016)

Rather than calling the values derived from our subjegtaibeing model as willingness to
pay estimates we refer to these figures as compensatingena@rations, i.e. the amount of

extra equivalent household incofrte be given to someone with a health condition todeav

1 Legitimate in the sense that they can be derived mathematically from subjective well-being functions (see
Fujiwara and Dolan, 2016)

2 Equivalent household income is calculated by dividing household income by the square root of the household
size. This implies that, for instance, a household of four persons has needs twice as large as one composed of a
single person. This scale is often used by the OECD and other organisations for comparing income inequality
and povery across areas (e.g. OECD 2011, OECD 2008))
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them with the same levels of life satisfaction asm&one without that health conditioA.
further question arises in relation to which subjective veihg measures such be used to
value health conditions. In this study we focus on liféstsction which can be seen as being
made up of a balance of affect (emotions and feelings) texgetth a cognitive evaluation of
how satisfied they are with their life overall, i.evhwell their quality of life measures up to
aspirations and goals (Dolan and Fujiwara, 2016). Thisbeaseen as the most common
measure of subjective well-being used to derive compensating ingaraions in the
literature to date. We do recognise, however, that therelaeditnensions of well-being that
are better captured by other indicators such as hapmjonestions or the degree to which an

individual has a strong sense of purpose or meaning in lita{gonic dimension).

Looking specifically at research relating to health coodgj a number of recent studies have
made an important contribution to the field of health caraluation by also applying this
technique in estimating how much extra income an individual would need to be ‘compensated’

for cardiovascular disease (Groot et al., 2004a; Groot andemBrink, 2006; Latif, 2012),
headaches/migraines (Groot and van den Brink, 2004b) and chroni¢Nd@Namee and
Mendolia, 2014). A smaller number of studies have also usedgproach in valuing a range
of different health conditions (Ferrer-i-Carbonetfidavan Praag, 2002; Groot and van den
Brink, 2008; Mentzakis, 2011; Powdthavee and van den Berg, 201 a@rifal., 2011). Our
study offers a number of advantages relative to this xisthgg research. First we account for
endogeneity in income in calculating our derived CIVs. Secbydaking advantage of the
Big Five personality traits recorded in the household sunged in this study, we are able to

add in measures of individual’s personality traits as control variables to the analyBtshelp




put these findings into perspective we also calculate Cbrsaf wide range of other

determinants of life satisfaction

3. Data

The dataset used in this analysis is Understanding SotetyJK household longitudinal
study (UKLS). This is a comprehensive household survey stated in 2009 with a
nationally-representative stratified, clustered samplaround 50,000 adults (16+) living in
the United Kingdom. It uses an overlapping panel design withatddiection for a single wave
conducted across 24 months. Interviews are typically choug faceto-face in respondents’
homes by trained interviewers. Our measure of life satisfats based on respondents answer
to the following question: Please choose the number whach fgel best describes how
dissatisfied or satisfied you are with your life overBiéspondents are given a 7 point scale
ranging from 1 completely dissatisfied to 7 completelisfad. The key explanatory variables
of interest are derived from participatesponse to a question about whether they have been
diagnosed with certain health conditions asked in way@0D9 — 2011) of the survey.
Participants were presented with a card listifidealth conditions and asked ‘Has a doctor or
other health professional ever told you that you have any of the conditions listed on this card’.
Participants who reported that they had been diagnoskamet of these conditions were then

asked if they still had that health condition

3 As noted by one of our referees, there could be various sources of measurement error at play when relying
on respondent’s own self-reports when it comes to diagnosing medical conditions. For example, respondents
might have the condition, but haven’t been diagnosed or simply may have forgotten the fact of diagnosis. If
this measurement error is significant then this could lead us to underestimate the effect of health conditions
on life satisfaction. Due to data constraints it is not possible to test for this source of bias but is worth
highlighting as a useful avenue for future research, i.e. to what extent is relying on self-reported evaluations of
health conditions biasing estimates of the relationship between health and life satisfaction?
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Using this information, we derive dummy variables indicatih@ isurvey participant is
currently suffering from a specified health condition. Ti&isnportant as much of the literature
in this area is based on responses where participantasi&ed to recall if they have ever
suffered from a specified health condition. The eftddtealth conditions on life satisfaction
will likely be understated when the measures used capturéhoswho currently suffer with

a health condition and those who suffered in the pastidw free of that condition.

A further advantage of this survey dataset is that it alfowa relatively detailed classification,
in comparison to many prior studies of health conditidfst example, respondents are asked
to report whether they suffer from a number of spec#iciovasicular diseases (e.g. angina,
high blood pressure, congestive heart failure, coronany tisease, stroke) as opposed to just
a broad classification of heart or cardiovasiculamnass Similarly, respondents are asked to
indicate if they have a curent diagnosis of a numbeesgpiratory conditions (e.g. asthma,
chronic bronchitis, emphysema). Other conditions exarmamedancer or malignancy, liver
conditions, epilepsy, diabetes, arthritis, hypertitigopn and hypothryoidism. Dummy
variables reflecting whether a respondent has a culi@gbosis of one of 15 different health
conditions along with equivalent household income wene émtered as the main explanatory

variables of interest in a regression analysis olfisfaction (see table®l)

Based on prior researcknve include a rich set of commonly observed predictors of life

satisfaction (see Dolan, 2008 for a review of this literatufehese include socio-economic

4 Two of the 17 health conditions were excluded from the analysis for various reasons. While a number of
individuals reported that they had a heart attack, as one would expect in a survey such as this none of the
respondents reported that they were actually suffering from a heart attack. Therefore if we included this
measure we would be estimating the effect of being diagnosed at some point with a heart attack on life
satisfaction as opposed to the effect of suffering from a heart attack on life satisfaction. Depression was left
out from the analysis given the close correspondence between indicators of psychological health and general
life satisfaction. i.e. to some extent they can be regarded as alternative metrics of welfare. For interested
readers the derived CIV for depression comes to £206,261.
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variables such as age, gender, relationship status, nwhbhildren, education and labour
force status. We add variables reflecting the extent to wimdividuals talk with their

neighbors and participate in religious activities as al/@roxy variables for social capital.
We also added a variable reflecting whether respondent$oca@meone that is sick, disabled
or elderly as this has recently been found to be negat®ated with life satisfaction (van den
Berg et al. 2014). Regional dummy variables were included to capture regldfaknces in

access to medical care. We include household income matural logarithm which reflects
the diminishing marginal utility of income (see Layardakt 2008). We also controlled for
the square root of household size to make a real equivalestlhold income variable, i.e.

make household income comparable across different hodsedmbositions (see footnote 1)

Unfortunately large scale surveys that collect detailedrinétion in relation to health
conditions are cross sectional in nature, or like shisvey longitudinal, but do not collect
information on health conditions in enough waves to enlalnigitudinal data analysis (e.g.
fixed effects). This leaves the regression estimates @rsing such a dataset open to bias from
unobserved sources of heterogeneity.  One potentially iengosource of unobserved
heterogeneity may arise from personality traResonality differences may lead to biased
estimates of the effect of health conditions on B#gisfaction, as personality traits are
correlated with both life satisfaction (see Steellet2808 for a review), as well as the
likelihood of acquiring a wide range of mental and physdiabrders (see Goodwin and
Friedman 200p Neglecting this unobserved heterogeneity may result mt whychologists
call a ‘personality bias’ on the obtained estimates. An advantage of this work is that we are
able to include measures of personality traits (namelyBigeFive personality traits) as
additional controls in the regression analysis of ddgisfaction, to control for any potential

personality induced bias in the coefficient estimatesolb@in a measure of the Big Five
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personality traits, participants wave 3 (conducted between 2011 and 20¢d@k asked to
what extent they agree/disagree withs2fements beginning with the quote “I see myself as
someone who”. Each statement is classed in one of five categoriegawexsion,
agreeableness, conscientiousness, neuroticism and openhessmposite score for each

personality trait is then derived by summing the sconesdoh of the individual categories.

One potentially problematic issue in using these persgrigdiits as control variables in our
analysis is that individualpersonality traits are recorded in wave 3 of the symwégreas the
health conditions are only recorded in wave 1. Giveh th@ Understanding Society survey
employsa longitudinal study design (mostly the same respondeantseainterviewed in each
wave) wecan however, match individuals with diagnosed health camdtrecorded in wave
1 (2009-2011) to their personality traits recorded in wave 3 (2013)}20he predominant
view in the literature is that personality traits ag&atively stable over time (at least among
adults— see Borghans et al. 2008{lowever, some recent longitudinal research suggests that
personality change does occurer an individuals’ life cycle (Boyce et al, 2013)
Notwithstanding this possibility, it seems likely that if any peedity changes do occur then
they will be relatively minor given the short time that woblave elapsed between when
respondents were interviewed as part of wave 1 of UnderstaBduigty and then as part of

wave 3.

This matching could still potentially be problematic giveri thdividuals with relatively more
serious health conditions are perhaps more likely to dropfdlie survey between wave 1 and
3 than an average survey participant. This could give risesédeation bias if we are relying
on this data to test the relationship between personaditg tind health conditions. In this

study, however, personality traits function merely dditgonal controls in helping us to
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correctly identify the relationship between health andddésfaction, and in the absence of
better data, testing the sensitivity of our healthffements to the inclusion of the Big Five
personality traits does at least give us a useful itidicaf the likehood of ‘personality

induced bias’ affecting the regression estimates.

4. Analysis
The analysis begins by assuming that the life satisfaathneasure (LS) is a function of
equivalent household income (Y), the particular headtid¢ion of interest (h), a vector of
other heath conditions (H) and the individual’s other characteristics (X):
LS = LS(Y,h, H,X)

Assuming a linear functional form and a constant margitilitly of income yields:

LS =B+ B.Y +B,h+HBs+X'By + €
The premise of the life satisfaction approach for vadwmatis that we can calculate
compensating and equivalent measureswelfare change from data on individuals self-
reported well-being (Fujiwara, and Dolan, 2016). The compegsattome variation (CIV)
for condition h can be determined as the level of egamiahousehold income required to
eqguate life satisfaction in the presence of the cond{gog. having congestive heart failure
(h=1) to the level that would exist in the absence of tmelition (h=0:

The CIV can be calculated:as

— =B
CIv = — [1]

In this study, in order to capture the decreasing margtildl of income, life satisfaction is

assumed to be a function of the log of equivalent houdehcome. Under this specification

5 The compensating version “is the amount of money, to be hypothetically deducted or provided, that would
leave the agent in his initial SWB position following a change in the good, and the equivalent version of the
SWB value is the amount of money, to be hypothetically deducted or provided, that would leave the agent in
his subsequent SWB position in absence of a change in the good” (see Fujiwara and Dolan, 2016 on p.14).
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the CIV can be derived as (see Powdthavee and van den2Bédg,Asgeirsdottir et al., 2015

and O Neill, 2016 for a more detailed exposition):

cv =Y,  (exp(32) - 1) 2]

1

whereY; = average annual equivalent household income of the ssaveple

Life satisfaction scores are reported on an ordinales However, in keeping with prior
research (see Ferrer-i-Carbonell and Frijters 2@34uming cardinality of life satisfaction
scores had little influence on findings and for ease ading, | assumed cardinality in life

satisfaction.

5. Results

5.1. Basic specification

Table 2 reports the basic life satisfaction regreswsioluding the full set of control variables
The results relating to the control variables arealhg expected lines and correspond with
the results widely documented in previous literature [sdan et al., 2008). For example, we
observe a negative relationship between age and lifdasaios, but a positive relationship
between age squared and life satisfaction. This would beelpitkg with previous work which
suggests a U-shaped relationship with higher levels ofshfigsfaction for the relatively
younger and older groups, with the lowest levels in midgé8. aAs expected, unemployment
was negatively related, whereas education and being in tomskip was found to be
positively related with life satisfaction. The proxy iednles relating to social capital (talk to

neighbours and participate in religious activities) wereh boositively related with life

6 Recent work by Frijters and Beatton (2012) suggests that this commonly observed U-shaped relationship
could be due to selection effects, i.e. household surveys typically over-sample older happier individuals and
under-sample relatively unhappy middle aged individuals

15



satisfaction. Finally, in keeping with recent reshdrg van den Berg et al. (2014), individuals
who care for someone who is sick, disabled or the eldgelikely to have a significantly lower

level of life satisfaction.

The key variables of interest are the log of equivalentsbhold income and our dummy
variables indicating whether a respondent has a currentadigof one of the 15 specified
health conditions. The findings in relation to healbimditions are all along expected lines.
All the health conditions are statistically significantanegatively related with life satisfaction
with the exception of hypothyroidism, which although & #xpected sign is not statistically
significantly different from zero. It is a relatively monon disorder of the endocrine system in
adults and causes a number of symptoms such as poor abiilerate cold, a feeling of
tiredness, and weight gain. It would, however, typicaélyabrelatively benign condition (at
least in the majority of cases) and this perhaps expiaiteck of statistical significance in our
baseline specification. Turning to the other health conditionaddition to being statistically
significant, the relative magnitude of their effects als® along expected lines in that health
conditions such as asthma and high blood pressure amagsdonvith a smaller change lifie
satisfaction than what are gendérategarded as more seriobssalth conditions such as
congestive heart failure and epilepBpr example, having congestive heart failure is assakciate
with a half point decrease in our seven point life fatigon scale. On the other hand, having

high blood pressure is associated with a 0.13 point deadretise life satisfaction scale.

The logof equivalent household income also has the expected pagdgivaind is statistically
significant suggesting that higher household incomes is asedavith higher life satisfaction
scores. There are, however, a number of reasongaxtethat the effect of income on life

satisfaction is substantially downward biased due to endogesmedt this would lead to
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erroneously large CIVs. One such source of endogeneity llkaly arises through
measurement error in income, which can bias the estinedtect towards zero. In addition,
neglecting unobserved heterogeneity which may be ctedelith both income and life
satisfaction can also result in biased estimates. rfstance, incomes are likely to be highly
positively correlated with factors such as working hours, spent away from family and
loved ones, time spent commuting and stress, all of wdrelpotentially strongly negatively
correlated with life satisfaction, thus leading to dowrnivhrased estimates (Powdthavee,

2010).

The solution to these endogeneity problems is to find arumsint for household income, i.e.
something that is correlated with income but does not havendependent effect on life
satisfaction, after conditioning on the other includedaddes. Within our data we have two
possible instrumental variables, namely the educatiamak of respondents’ parents. These

are suitable instrumental variables as there is muchndsto suggest that parental education
(both mothers and fathersjn influence children’s achievements such as their income levels

in later life (Blanden and Gregg, 2004; Tomul and Celik, 2009; BxadthlLochner, 2012; Erola
et al., 2016). Children from highly educated parents arevelkatnore likely to derive benefits
when it comes to household income from financial endowsr{dhiisick and Mare, 2006, Erola
et al., 2016). In addition to a direct transfer of ecowoamd material resources, there are a
number of other indirect pathways in which parental edutatiould be expected to affect
their adult children’s income level. For example, parental education may be a signaladls
status or prestige that may be helpful foiirtiehildren in the labour market (Erola et al., 2016).
One would also expect that children of relatively more edwdcparents would be more likely
to have at their disposal advantageous parental social netwatksduld assist them in the

labour market (Jager, 2007).
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While there aratrong grounds to suggest that parental education levels affect their children’s
outcomes such as income in later life, we argue thae tkaunlikely to be a direct effect of
parental education on their adult children’s life satisfaction. Even respondents own education
level is typically found to be only weakly related to atisfaction - in fact in many studies
it is found to have no effect once confounding factors ssahc@me and health are adequately
controlled for (see Dolan et al., 2008). Perhaps onedcrgiue that there could be indirect
effects in that children of more highly educated parenteadewed with a variety of skills
that could lead to better labour market outcomes, healthiag@arand education, all of which
can lead to higher levels of life satisfaction. However control for these indirect channels
through which one could argue that parental education could lplawdfect their adult
children’s life satisfaction, e.g. income, health, family and occupational status esesh
personality traits are all control variables in thgression analysis. The question then becomes
whether, after conditioning on these control variakite#, reasonable to expect that parental
education will still affect their adult children’s life satisfaction? This paper argues that it is not.
This argument is supported by a recent cohort study by Brgteal. (2014), which examined
the relationship between childhood characteristics aedshtisfaction. Using the National
Child Development dy which contains detailed information about participant’s lives from
birth to age 50, they found that children with more highly eddcpéeents were not found to

have higher life satisfaction scores than children vatatively less educated parehts

Knight et al. (2009 also recently used parental education to instrument for respondent’s
income in a study of the determinants of happiness in @hwha and found that the

instrumented income coefficient was over four timegdarthan that estimated when using

7 The authors are careful to point out that they are not able to make strong causal statements given the
method of analysis.
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conventional ordinary least squares (OLS). As outlinddwgeour results using this UK
sample are very similar to that reported by Knight et28109). Encouragingly our results are
also similar to other recent research using differentdfetsstrumental variables to identify
the effect of income on life satisfaction (Luttmer, 200%echinger, 2009; Powdthavee, 2010).
Luttmer (2005), and Luechinger (2009), for example, both used pretiotsghold earnings
to instrument for income when examining the role of nedatarnings on happiness and
estimating compensating income variations for air ypolh respectively, and found that
instrumenting income resulted in an estimated effectvhatthree times larger than whatsva
estimated in their baseline OLS specification. Powdth&2@&0) used variables relating to
the proportion of household members who showed the isteevitheir payslip to instrument
for log of real household income and found that afterunsenting, the estimated effect of

income on happiness doubled as compared to that estimated uSing O

The estimated effect of income on life satisfactioour analysis more than trebles (increases
from 0.14 to 0.4Ponce we instrument income (two stage least squares (28&&)mpared
to the OLS estimates. All the instruments have the eggdesignificant relationship with the
log of equivalent household income. In all cases, dtaistical tests suggest that the
instruments are relevant. The Anderson canonical edivat likelihood ratio test rejects the
null of underidentification. The obtained F statistid &3 exceeds the conventional minimum
standard of power of F = 10 (Stock et al., 2002). We carthestalidity of the instruments,
conditioning on the assumption that a subset of instrunsemalid, by implementing the
standard overidentification test. The resulting Sargan’s test statistic was statistically
insignificant with a p value of 0.79 and therefore we candasanably satisfied that our
instruments are consistent in producing robust estindté® effect of the log of equivalent

household income on life satisfaction.
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Another important way to assess the validity of th&rumsental variables is to test how robust
the coefficients are to the selection of differembinations of instruments. We examined the
effect of either just using mothsreducation level or fathsreducation level as instruments,
and the results were robust to these different combmstior instance, our estimated
coefficient for the log of equivalent household incowigen we just used the two dummy
variables reflecting the education level of the partitijsamother as instruments was 0.50,
whereas when fhaer’s education levels was used, the estimated coefficient was 0.47. This

compares to a coefficient of 0.49 when both mother’s and fathers’ education level are used as

instruments.

5.2. Compensating income variation

Using the coefficients representing the effect of headiiditions on life satisfaction, as well
as our instrumented log of equivalent household incoeéficient,we next derive an estimate
of the extra equivalent household income (compensatiomdividual with a health condition
would require in order to experience the same level dddifsfaction, as an otherwise identical
individual without that health condition. We do this fdirl®d health conditions examined in
the life satisfaction equation. To calculate the CWWsneed to estimate equation 2 described
earlier. Taking congestive heart failure as an illusteattxample, the extra equivalent
household income required to leave someone with congdsarmt failure as well off in life
satisfaction terms as someone without the condaéimounts to £33,502 per annum. At the
other end of the scale, the extra equivalent househoddne needed when it comes to asthma
amounts to £6,177 per annum. For cancer or malignancy, activelition and a stroke the
compensating income variation amounts to £18,£88,103 and £15,385 respectively. The

results relating to the remaining health conditionspaesented in table 3.
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One important point to note is that these monetary valoedd have been grossly overstated
if we had not instrumented our income measure. Spatliyfj failure to control for endogeneity
in income will understate the effect of income on diéisfaction which means that the amount
of extra income needed to ‘compensate’ individuals for losses in health (or indeed other
arguments in their utility function) will be significanttyverstated using conventional OLS
estimates. Comparing the monetary estimates obtaméuisi study with derived estimates
from other studies which have not taken account of enddgedras is challenging, given the
variability in health conditions examined (most often jose) and the different income
measures and time spans of the survaged. Notwithstanding these difficulties, we can see
a general pattern whereby the compensating income vasaiotained in this study, while
substantive, are generally much lower than that repartpeevious work which have used the

CIV approach (see section.2)

In order to help put these findings into perspective, | dexive CIVs for many other factors
commonly found to be significantly related with life sat@tfon. These results can also be
seen in table .3In keeping with findings reported by Graham et al. (2011) vethcutated life
satisfaction equivalents for various health condgionLatin American countries, we find that
disutility losses associated with health conditionshégh relative to that of many other factors
commonly reported as significantly affecting life sattdfon. For example, marital separation
and divorce are factors commonly associated with lifisfaation losses, and we find that the
amount of extra income needed to compensate someone sdpamted or a widow, to leave
them as well off in life satisfaction terms, as someaho is single amounts to £3,641 and
£6,941 respectively. The CIVs for all the health conditieramined with the exception of
asthma and hyperthyroidism exceed these values. The d€lvetb compensate someone

who cares for someone that is sick, disabled or thelglde£17,089 and again the CIVs for
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many of the health conditions exceed this value. Othertibalth, unemployment is the factor
commonly associated with the largest life satisfacki®ses in the literature and we also find
the non-pecuniary losses associated with unemployméeatgobstantive, with a compensating
income variation of £29,367The derived CIVs for congestive heart failure and chronic
bronchitis exceed that of unemployment and epilepsy is oahlgimally behind at £27,785.
Given that our health coefficients capture averagetsif@and that many of these conditions
have varying degrees of severity, it is likely that aicant number of individuals with other
health conditions reported in table 3 also experiencerlatigetility losses from a health
condition than they would from unemployment. Lookindadtle 3, we can also see that the
CIVs for health are also high relative to our indicatmirsocial capital (regular attendance at

religious services and events and neighbourly intergction

5.3. Sensitivity to personality controls

One potential threat to the validity of these resultdus to ‘personality induced biasas
personality traits are significantly correlated with lbdife satisfaction and certain health
conditions. One way to test the likely importance oépeality caused bias in the coefficient
estimates is to test how robust they are to the imsius variables reflecting personality traits.
In this study, we are able to test the sensitivityhef tesults relating to the effect of health
conditions on life satisfaction to the inclusioniod Big Five personality traits. In keeping with
the findings outlined in Steel et al. (2008), neuroticism, aagrsion, agreeableness and
conscientiousness were all significantly related to litésfsection, whereas openness had no
statistically significant relationship (see column @ahle 2) One limitation with the approach
used here is that by matching personality traits collectedve 3 (2011-2013) with diagnosed
health conditions collected in wave 1 (2009-2011), the mesalating to the relationship

between health conditions and life satisfaction repglorie¢his specification could be affected
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by attrition bias, which might impact on the extent to whiwd tesults can be generalised to
the wider cohort. Still in the absence of better dataye can do is to remain cognisafthis
limitation, and remind readers of this potential shortcomiumgn it comes to assessing the

likelihood of personality induced bias in the coefficient estens.

The coefficients relating to key explanatory variablemt@rest, namely the log of equivalent
household income and health conditions (with somepies) were largely unaffected by the
inclusion of the Big five personality traits (see coluénaf table 2). The exceptiosiwhether

a respondent has a current diagnosis of a liver conditia stroke, as while of the expected
sign, these variables were no longer statistically sgant and the coefficient size were much
smaller. One potential explanation for this differercelue to attrition bias as many of the
respondents with a current diagnosis of a stroke or lwedition recorded in wave 1 were not
re-interviewed in wave 3. Given the serious nature of many éwe stroke conditions, it is
possible that individuals who were not re-interviewed argesyatically different than those
who were. Notwithstanding the possibility for attrition bisen it comes to estimating the
sensitivity of our health coefficients to the inclusimipersonality traits, the fact that, for the
most part, our coefficients reflecting health comdiis were robust to the inclusion of
personality controls should support the argument that enedxd heoterogeneity arising from
the omission of personality variables are not signifiganasing our derived CIVs, although

some caution is required when using the figures for stro#tdier conditions.

6. Conclusion
A rapid increase in expenditures has fostered the need ttfyguihe value of health benefits
obtained by health care interventions (Groot and van den B6i@&) While one can rely on

an assessment by the medical doctor or clinician to \wahealth gain or loss, many consider
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that it is most appropriate to elicit valuations from ghpeople who are currently experiencing
the health states for which values are sought (Dolan, 1888 commonly used method for
monetising the benefits of health care interventisn® iascertain how much individuals are
willing to pay for one health state relative to anotfiére two most commonly used approaches
for eliciting willingness to pay are revealed preferences @mtingent valuationRevealed
preferences involve deducing willingness to pay from obsebedthviour (e.g. hedonic
wages) whereas the contingent valuation method asks individualdirextly state their
willingness to pay for a hypothetical change in health.akernative approach that has been
increasingly suggested by economists as a useful mechtmisficiting valuations for health
care interventions (and indeed a wide variety of other puniods) is the compensating
income variation (CIV) approach. This involves estingtia micro-econometric life
satisfaction equation, with various health conditi@msl income included as explanatory
variables. By calculating the marginal rate of substitution betwEeome and health, we can
calculate how much extra income an individual would regiarcompensate them for each of

the health conditions examined.

While not without its own set of limitations (see Levinson (20id) a more detailed
overview), this approach does have a number of advantageseeealed and stated preference
methods. Relative to stated preference methods (eagngent valuation), for example, the
scope for framing effects, strategic behaviour and hypothéies: is reduced. It is also less
cognitively demanding for individual’s as they are not asked to value health conditions directly,
rather to evaluate their own life satisfaction. Fumti@re, it uses information on the entire
population, thereby avoiding problems of self-selecti@oaiated with revealed preferences

(e.g. the hedonic wage approach)
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Using the compensating income variation (CIV) approaetalculated the amount of income
needed to make someone with a current diagnosis of ot sgecified health conditions as
well off as someone without these health conditioffse compensating equivalent household
income variations ranged from £6,177 (asthma) to £33,502 (condestiitdailure) depending
on the health conditions examined. Therefore we camths¢enealth conditions significantly
affect individuals’ quality of life and that the amount needed to make someone with a health
condition as well off as someone without those healtiditions can be substantive. By putting
what amounts to a price tag on various health conditieeadth policy makers can make direct
comparisons between the relative benefits and costéferfetit treatment options or ideally
measures aimed at reducing the numbers of people acquiring themth conditions
(Pownthavee and van den Berg, 201This, in turn, can make decision making about which
health care interventions to prioritise more straightfod than would otherwise be the case.
It can also allow us to compare the benefits of goodthealh other factors found to affect

individual’s life satisfaction.

One important limitation of this analysis concerns thkditg of the instruments used to
address income endogeneity. Our identifying assumption tigoiiantal education level is
correlated with individuals’ income but not directly related to their adult children’s life
satisfaction. Our instruments pass the usual validity chedks test of overidentifying
restrictions and are also robust to different combinatafnnstruments. Despite these validity
checks one could still argue that parental education lewvid @ffecttheir adult children’s life
satisfaction indirectly through an association withestindividual outcomes such as income,
health, family status, occupation and even personalitysirdihile these are variables we
control for in our analysis we acknowledge that theey itill be other indirect channels

unaccounted for in our model specification through which mateeducation could affect
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individual’s life satisfaction. Having said that, the validity of our instruments is supported by
recent cohort studies which have found that children warerhighly educated parents were

not more satisfied adults (Frijters, et al., 2014).

Our instrumental variable (1V) estimates are also sinlahat obtained in other recent studies
which have used different sets of instruments (e.g. predietenings and whether the
respondent shows interviewers their payslip) and this stedsddhelp to alleviate concerns
relating to the validity of the instruments used in this asislyn keeping with our own results
these studies have reported that IV estimates are &@e@wend 5 times larger than conventional
OLS estimates. One further limitation with this analistbat due to data limitations pertaining
to measures of health conditions contained in this datasd indeed other commonly used
health datasets, we are only able to calculate a sinlgie faa each particular health condition.
Many of these health conditions can, however, have vadeggees of severity and as such it
would be useful for future work to examine to what extent theseage values vary depending

on the severity of the health condition under exatina

Despite this note of caution, this work had a number of ddgas over previous research using
the CIV approach for valuing health conditions. For exangne advantage of the dataset used
in this analysis is that it allowed a comparison of a widage of health conditions.
Furthermore, to the best of our knowledge, this study previuefirst estimates of the amount
of income that imeeded to ‘compensate’ for different health conditions which correct for
endogeneity in inconfe Results suggest that estimates of the effect of incomdif®

satisfaction in previous studies using the ‘compensating income variation’ approach are likely

8 powdthavee (2009) touched on this issue by estimating the CIV for self-reported disability status as opposed
to specific diagnosed medical conditions. Similar to our analysis of medical conditions he also found that
conventional regression estimates will lead to an upward bias when estimating the CIV for disability.
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to be downward biased due to endogeneity. This means that theéypigdlly overestimate
the amount of extra income needed to leave the lifefaation of someone with a specified
health condition the same, as someone without thatiton. Of course it is not just in health
where the life satisfaction approach has been used te pablic goods and the same point
applies. Without correcting for endogeneity bias, the amouetxled to compensate
individuals for losses in health or other arguments inr thigity function, is likely to be

significantly overestimated.

An additional advantage of this work is that we were able tonmethe sensitivity of the
results to the inclusion of variables designed to measurenadity traits. The results were
generally robust to the inclusion of the Big Five persondlitits which suggest that
‘personality induced bias’ is not significantly affecting the reliability of the CIV estimates and
also should be of some comfort to other researchers whotdwave measures of personality
available as control variables. This is als&eeping with research by Helliwell (2008), who
found that his estimated coefficient reflecting the relationship between individual’s own
subjective evaluation of their health status and lifesfsatiion, was also largely unaffected by
the inclusion of personality related varial§leBo put these findings into perspective, we also
calculated CIVs for many other factors associated whshtisfaction losses. For example,
the CIVs for unemployment, separation, widowhood and caongsémeone that is sick,
disabled or the elderly amounted to £29,367, £3,641, £6,971 and £17,089ivebpelo
conclude the analysis suggests that health conditions significantly affect individuals’ quality

of life and that the amount needed to make someone widalkh condition as well off as

9 Of course personality is not just related to health but also to many of the other explanatory variables.
Personality, for example, may affect the likelihood of getting married, employment and social interaction with
others and these have all been found in this study (and indeed many others) to be significantly related with life
satisfaction. Itis, therefore, interesting to report that the coefficients relating to these variables also appear to
be largely unaffected by the addition of these personality variables.
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someone without those health conditions can be sub&amlbeit less than is commonly

reported in the literature using the CIV approach to.date
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List of tables
Table 1: Key summary statistics

Health Conditions

Number with each
health condition

Angina 544
Arthritis 3,862
Asthma 3,375
Cancer or a malignancy 287
Chronic bronchitis 274
Coronary heart disease 414
Congestive heart failure 96
Diabetes 1623
Emphysema 162
Epilepsy 219
High blood pressure 4,140
Hyperthyroidism (over-active thyroid) 167
Hypothyroidism (under-active thyroid) 848
Liver condition 220
Stroke condition 465
Mean equivalent annual household income £23,352
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Table 2: Determinants of life satisfaction

Coef. Std. Err. |t Personality
controls
added

Equivalent household income *** 0.138 0.011 12.080 0.150 ***
Age *** -0.035 0.003 -11.000 | -0.042 ***
Age squared *** 0.000 0.000 11.530 0.000 ***
Female *** 0.041 0.016 2.590 0.092 ***
Relationship status - single is the reference category

Married *** 0.248 0.024 10.410 0.207 ***
Separated ** -0.071 0.034 -2.100 -0.122 ***
Widowed ** -0.128 0.065 -1.980 -0.151 **
Number of children *** -0.048 0.008 -5.890 -0.046 ***
Has a degree *** 0.057 0.017 3.440 0.065 ***
Employment status - employed is the reference category

Self-employed 0.019 0.030 0.630 0.016
Unemployed *** -0.399 0.033 -12.180 | -0.380 ***
Retired *** 0.247 0.035 7.110 0.280 ***
Familycare * -0.058 0.030 -1.940 0.023
Training *** 0.214 0.033 6.470 0.206 ***
Disabled *** -1.149 0.048 -23.810 | -1.035 ***
Other ** -0.557 0.253 -2.200 -0.548 *
Regularly attend religious services ** 0.045 0.022 2.040 0.024 ***
Regularly talk with neighbors *** 0.255 0.019 13.410 0.201
Cares for sick, disabled or elderly in the -0.269 0.028 -9.690

household *** -0.258 ***
Angina *** -0.167 0.063 -2.650 -0.116
Arthritis *** -0.155 0.026 -6.030 -0.135 ***
Asthma *** -0.115 0.025 -4.590 -0.081 ***
Cancer or malignancy *** -0.282 0.082 -3.460 -0.317] ***
Chronic Bronchitis *** -0.412 0.086 -4.800 -0.397 ***
Coronary Heart Disease ** -0.162 0.072 -2.250 -0.142
Congestive Heartfailure *** -0.436 0.143 -3.040 -0.595 ***
Diabetes *** -0.263 0.036 -7.240 -0.291 ***
Emphysema ** -0.231 0.111 -2.090 -0.287 *
Epilepsy *** -0.384 0.093 -4.150 -0.388 ***
High bloodpressure *** -0.125 0.025 -4.990 -0.060 **
Hyperthyroidism *** -0.300 0.106 -2.840 -0.379 ***
Hypothyroidism -0.055 0.048 -1.150 -0.016
Liver condition*** -0.257 0.093 -2.770 -0.099
Stroke *** -0.248 0.065 -3.790 -0.074
Regional controls left unreported for

parsimony

Personality controls

Openness -0.008
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Agreeableness*** 0.056
Extraversion *** 0.035
Neuroticism*** -0.169
Conscientiousness*** 0.083
N 34,379 21,511

Table 3: Compensating income variations

Health condition £ (per
annum)
Angina -9,483
Arthritis -8,689
Asthma -6,177
Cancer or a malignancy -18,169
Chronic bronchitis -30,784
Coronary heart disease -9,150
Congestive heart failure -33,502
Diabetes -16,590
Emphysema -14,604
Epilepsy -27,785
High blood pressure -6,786
Hyperthyroidism (over-active thyroid) -19,722
Hypothyroidism (under-active thyroid) -2,774
Liver condition -16,103
Stroke condition -15,385
Other correlates of life satisfaction
Married (single is the reference category) +15,385
Separated (single is the reference category) -3,641
Widowed (single is the reference category) -6,971
Unemployment (employed is the reference category) -29,367
Cares for sick, disabled or elderly in the household -17,089
Regularly talk with neighbors: Strongly agree with the statement ‘| +15,943
regularly stop and talk to my neighbors’ (does not strongly agree with
the statement is the reference category)
Regularly attend religious services: | attend religious services or +2,246
events once a week or more (do not attend or attend less often than
once a week is the reference category)
Retired (employed is the reference category) +15,306
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