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Abstract
The risk of developing a major non-communicable disease is critically affected by lifestyle choices. This
study examined the consequences of factors that might predict a change in the self-rated health of older
adults and aimed to assess their monetary costs. In particular, two predisposing risk factor moderators
were studied: high blood pressure and high cholesterol. The effects of these on two serious adverse car-
diovascular events – heart attack and stroke – were estimated. Using data from the Survey of Health, Aging
and Retirement in Europe (SHARE) carried out in 2014, a two-stage procedure was applied as well as
pairwise comparison. The results revealed the significant role of socioeconomic status in health outcomes.
Behavioural risk factors were found to be significant predictors for heart attack and stroke. The findings
support the claim that variables such as age, wealth and behavioural risk factors are additional predictors of
a change in these two diseases. The monetary consequences can reach up to 12.8 thousand Euros for older
adults per unit of predisposing risk factor. Since national health budgets are limited, health policies might
be prioritized.
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Introduction
Lifestyle choices affect the risk of developing a major non-communicable disease and health status
in general (Jang et al., 2009; Tubeuf et al., 2012; Murray et al., 2018). Smoking, physical inactivity,
unhealthy diet, obesity and other lifestyle behaviours are associated with the development of dis-
eases such as cancer, heart disease, stroke and diabetes (Roos et al., 2018). The societal and mon-
etary costs of the negative effects of these modifiable behaviours are significant (Scarborough et al.,
2011; von Humboldt et al., 2014; Okulicz-Kozaryn & Valente 2019) and increase with age.
Previous studies have investigated the effects of single lifestyle behaviours on health (Doll
et al., 2000; Laditka & Laditka, 2001; Hung et al., 2004; Adams et al., 2006; Warburton et al.,
2006), but a combined and conditioned probability approach may yield a more accurate picture.
The investigation of predictive factors should consider several variables, including health factors
(such as chronic health conditions) as well as lifestyle.

Governments and other regional health policy agencies can influence healthy lifestyles, for
instance by offering economic and other incentives to encourage certain behaviours (McPake
& Hanson, 2016). However, the use of tax money for such purposes should be justified and pri-
oritized on a cost-benefit basis.

Of particular interest is the economic burden of different diseases, specifically two: heart attack
(myocardial infarction) and stroke (cerebrovascular accident). These adverse cardiovascular
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events are the two highest causes of death in Europe (Donnan et al., 2008). Luengo-Fernandez
et al. (2020) argued that in 2017 stroke cost the 32 European countries about 60 billion Euros
(about 60 Euros per person). Pavlušová et al. (2018) estimated that the prevalence of stroke-
afflicted patients in the global adult population is 4%, reaching 10% for adults aged 70 years
and older. The overall societal cost is thus expected to increase because the population in that
age bracket is expected to increase (United Nations, 2017; Benjamin et al., 2019).

Previous studies have estimated the economic burden of heart attack and stroke (e.g. Lesyuk
et al., 2018; Shafie et al., 2018; Luengo-Fernandez et al., 2020). This paper’s contribution is to add
the marginal effects of background health indicators on the resulting diseases. This line of inves-
tigation may offer a unique, comprehensive way of looking at the economic impact of lifestyle on
self-rated health determinants among older adults in Europe.

Thus, the research question was the following: ‘Do socio-demographic characteristics and risky
health behaviours predict self-assessment of health?’ A derived second question was: ‘What is the
probability of health outcomes (heart attack and stroke) given the presence or absence of health
predictors (high blood pressure and high cholesterol)?’ and ‘What are the monetary consequences
of high blood pressure and high cholesterol deriving from their association with an increased
probability of heart attack and stroke?’

The data used in this study pertain to persons aged 50 or older who participated in Wave 6
(year 2015) of the Survey of Health, Aging and Retirement in Europe (SHARE): two subsamples of
the age profile – younger (50–65 years of age) and older (66�) – and analysis of the sample as a
whole. To ensure robust statistical results and enable cross-national comparisons, the data for the
entire spectrum of eighteen countries that participated in SHARE were used.

Methods
Data source and study sample

The first wave of SHARE was carried out in 2004 in eleven countries representing various regions
of Europe, from Scandinavia (Denmark and Sweden) and Central Europe (Austria, France,
Germany, Switzerland, Belgium and the Netherlands) to the Mediterranean (Spain, Italy and
Greece) (Börsch-Supan et al., 2013). With time more countries began participating in the survey,
such as Israel, Czech Republic, Poland, Ireland, Luxembourg, Hungary, Slovenia, Estonia and
Croatia. SHARE includes information on a wide range of variables, from socioeconomic, social
environment and physical functioning, to health and health behaviours among persons aged 50 or
older in the first study period (Katz et al., 2015; Tur-Sinai & Litwin, 2015; Lowenstein et al., 2019;
Tur-Sinai et al., 2019; Shuldiner et al., 2020; Silverstein et al., 2020; Tur-Sinai & Soskolne, 2020;
Carmel & Tur-Sinai, 2021). The data used in the present analysis were published in Wave 6 of
SHARE (Wave 6 – DOI: 10.6103/SHARE/w6.710).

The research population was comprised of persons aged 50 and older and the information col-
lected included, among others, socio-demographic characteristics, self-reported health (SRH)
indicators and risky health behaviours. The average household response rate in Wave 6 was
51.3%, ranging from 30.3% in Luxembourg and to around 56–57% in Estonia and Denmark
and 69.1% in Greece (Bergmann et al., 2019). Individual response rates, i.e. the numbers of inter-
viewed individuals divided by the numbers of eligible persons in the household, ranged from
74.3% in Luxembourg to 95.7% in Croatia, the average being 90.5%. The data included 67,300
interviewed individuals aged 50 and above, where 29,956 were aged 50–65 years, and 37,344 were
above the age of 65 during the survey time; 45.2% of the interviewed individuals were males.
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Measures

Three groups of measures and indicators were used: health measures, behavioural risk factors and
socio-demographic risk factors. Together, these data provide a comprehensive view of the eco-
nomic impact of lifestyle on self-rated health determinants among older adults in Europe.

Health measures
Like all sections in the survey, health measures were based on self-reported answers. Four health
status measures were taken: blood pressure (BP), cholesterol level (CH), stroke (ST) and heart
attack (HA) (Tong et al., 2005; Yi et al., 2018; Benjamin et al., 2019; Chu et al., 2020). The question
was: ‘Has a doctor ever told you that you had/do you currently have any of the conditions: high
blood pressure or hypertension/high blood cholesterol/a stroke or cerebral vascular disease/a heart
attack, including myocardial infarction or coronary thrombosis or any other heart problem
including congestive heart failure?’ The answers were coded as dummy variables of having or
not having a problem with any of the four events (0=not having).

Behavioural risk factors
Some examples of risky health behaviours are smoking (1=ever smoked cigarettes, cigars, ciga-
rillos or a pipe for a period of at least one year, 0=no), drinking habits (on an 8-point Likert scale,
0=never, 7=almost every day), obesity (measured by body mass index [BMI]) and physical inac-
tivity, measured by two variables: light activity such as gardening, cleaning the car or going for a
walk or doing a strenuous activity such as sport, heavy housework or a job that involves physical
labour. Both variables were measured by self-rated answers on a scale of 1 to 4 (1=hardly ever or
never, 4=more than once a week), without limiting the reported time. In addition, country differ-
ences were considered by means of a categorical variable with fifteen different values, one for each
country. This was done in order to neutralize the effects of different national policies and/or
norms. Nevertheless, country-specific differences were not the focus of the current inquiry and
are not detailed.

Socio-demographic risk factors
Several socio-demographic variables were examined as possible predictors for the four health
measures: age was measured in completed years; sex compared females (=0) with males (=1).
Socioeconomic status was represented by years of education. Another variable was equalized dis-
posable wealth of the respondent’s household (in Euros), equal to the sum of real and financial
assets net of liabilities. This variable was comprised of four categories, according to level of wealth
in terms of wealth distribution quartiles. Other variables were immigrant status (0=native) and
living alone or not (living alone=1). Following Lee et al.’s (2003) finding that a high level of care
provision to grandchildren may increase the risk of coronary heart disease among women, the
number of grandchildren was added.

Cost of disease

To monetize health damages, the cost-of-illness (COI) method was employed. This analysis
involves the measurement of resources related to an adverse effect (Leal et al., 2006). These
included not only health care costs but had a broader social cost perspective and also included
opportunity costs associated with unpaid care and productivity losses associated with premature
death or morbidity.

Segel (2006) mentions two main approaches: the prevalence approach and the incidence
approach. The first estimates costs for a given time frame (usually one year) for the overall costs.
The second uses costs over the lifetime of a disease. The second approach was chosen since a
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significant part of the costs for both heart failure and stroke lasts for more than 12 months. An
important piece of information needed for the incidence approach is the survival rate (Payne et al.,
2002), which should be incorporated in order to know what the life span is after the appearance of
the given disease.

Costs-of-illness are not given in a trivial way across the literature. They combine different
aspects of costs, not always the incidence cost but rather preventive, and do not always concentrate
on the European continent. Nevertheless, this investigation included the latest studies that com-
bined all these necessary characteristics: Lesyuk et al. (2018) and Shafie et al. (2018) for heart
attack and Fattore et al. (2012) and Olesen et al. (2012) for stroke. Fattore et al. (2012) focused
on Italy, and Olesen et al. (2012) on all of Europe. The other two studies dealt with countries in
and out of Europe but used a conversion method to international dollars that were converted
into Euros.

Costs were converted to 2019 prices using the consumer price index for each country (Eurostat,
2021). National currencies were converted to Euros using 2019 exchange rates using the purchas-
ing power parity (PPP) method. This measures the price of the same bundle of goods in different
countries using Euros as a common currency, thus allowing the comparison of costs, adjusted for
cost of living, between countries.

Estimation of the probability of having a heart attack or a stroke

Pairwise comparison
To estimate the conditional probabilities, the following (Bayes) equation was used:

Pr DI&RF� �=Pr RF� � � Pr DI=RF
� �

(1)

where Pr stands for probability, DI is type of disease (HA or ST) and RF is type of predisposing
risk factor (high blood pressure [BP] or high cholesterol [CH]). A combined variable (indicated by
CO) in which a respondent may have the two effects together was also invoked.

The right-hand side of Equation (1) is the conditional probability of having a disease given the
fact that an individual has indicated a predisposing risk factor appearance. This is equal to the
ratio of the mutual probability of both risk behaviour and disease over the overall probability
of individuals who reported having the predisposing risk factor.

To estimate the reduced probability of a disease, the difference between the RHS of Equation
(1) and a similar equation that calculates Pr(DI/NRF) was used. This yields the reduced proba-
bility for a disease when the predisposing risk factor vanishes. This is given by:

RPRF > DI � Pr DI=RF
� � � Pr DI=NRF

� �
(2)

where RP stands for reduced probability of the disease DI due to elimination of the predisposing
risk factor (RF); Pr(DI/RF) is the conditional probability of the disease given the presence of a
predisposing risk factor; and Pr(DI/NRF) is the probability of the disease given that there is
no predisposing risk factor. (Note that another option is to calculate the odds ratio and to use
the inverse of the estimate in order to estimate the reduction of probability if the risk factor is
eliminated.)

Econometric estimation
To estimate the probability of having a heart attack or a stroke in old age, factors that may explain
these events (predisposing risk factors) were taken into account: the probability of the patient
having high cholesterol and/or having hypertension (x). Also estimated was the probability of
having predisposing risk factors, depending on a range of possible explanatory factors for the
occurrence of one of these illnesses in old age, including behavioural risk factors (BRF) such
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as smoking, drinking habits, obesity and physical inactivity; and socio-demographic risk factors
(DS) such as age, sex, education and equalized disposable wealth.

The predisposing risk factors were considered as endogenous explanatory variables and the
structural equation is:

yi � α� β1xi � εi (3)

where y is the probability of having a heart attack or a stroke in old age and i indicates an old-aged
individual.

Due to the endogenous statistical relation between the explained predisposing risk factors var-
iables and the probability of having a heart attack or a stroke in old age (Lehto et al., 2000; Tong
et al., 2005; Calvert, 2011), a two-stage least-square (2SLS) econometric method was applied.

In Stage 1, each endogenous variable that acts as a regressor in Equation (1) was regressed – the
probability of having high cholesterol, the probability of having hypertension and the probability
of having high cholesterol and hypertension concurrently – on all exogenous variables that were
not included in Equation (1), i.e. the behavioural risk factors and the socio-demographic risk fac-
tors. Using this approach made it necessary to regress each endogenous variable being used as a
regressor on all the exogenous variables in the system and using the estimated value of the endog-
enous variable from this regression as the required instrumental variables (Schouten, 2018). Each
estimated value was the ‘best’ instrumental variable in the sense that, of all combinations of the
exogenous variables, it had the highest correlation with the endogenous variable (Kennedy, 2008).
Therefore, the first-stage equation was:

xi � α� BRFiϕ� DSiγ � εi (4)

where xi is the probability of the patient having high cholesterol and/or having hypertension.
In Stage 2, the probability of having a heart attack and that of having a stroke was estimated

given the estimated probability of the occurrence of one of the previous conditions. In other
words, the second-stage equation was:

yi � α� β1x̂i � BRFiϕ� DSiγ � εi (5)

where x̂i are the fitted values derived from Equation (4).
The derived reduced probability here involves a variant of instrumental-variables estimation as

explained above, as it comes to insurance in the regression coefficient of either BP or CH on either
one of the regressions: HA and ST.

Results
Descriptive statistics

The descriptive statistics of the research population are presented in Table 1. The average age of
participants was 65.6 years. Less than a half were men (45.2%), 44.6% of those aged 50–65 were
men, while 45.9% of the people age 65� were men. Average formal education was 10.6 years, and
only 10.5% were immigrants. A quarter of the sample declared that they were living alone. The
average number of grandchildren was 2.9.

In response to the question of whether they had ever or still had a high blood cholesterol prob-
lem, 22.1% of the participants said they had; when asked about high blood pressure or hyperten-
sion, 35.5% of them endorsed. When asked whether they had ever had a heart attack, including
coronary thrombosis, or any other heart problem, including congestive heart failure, 12.7%
declared that they had, but only 3.7% responded positively to the same question regarding stroke
or cerebral vascular disease. The percentage who stated they ever smoked was 46.9%; 16.6%
declared they never drank, 18.5% declared that they drank almost every day and the answers
of all the others fell between these two.
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Previous research has indicated a problem of overweight among older adults (according to
BMI) (Adams et al., 2006; Peralta et al., 2018). Two-thirds of the research participants indicated
that they engaged in light sport more than once a week, but only one-third said they engaged in
more strenuous sport more than once a week. Finally, 42.9% of the participants reported that they
hardly ever or never engaged in any strenuous sporting activity.

Table 1. Descriptive characteristics of older adults in eighteen European countries, SHARE Wave 6

Characteristic %a

Socio-demographic factors

Age group (years) (mean) 65.6 (10.0)

Male 45.2

Education (years) (mean) 10.6 (4.3)

Immigrant 10.5

Living alone 25.4

Number of grandchildren (mean) 2.9 (3.5)

Equalized disposable wealth (mean Euros) 114,836 (39,443)

Health measures

Cholesterol 22.1

Blood pressure 35.5

Heart attack 12.7

Stroke 3.7

Behavioural risk factors

Smoking: ever smoked 46.9

Drinking

Never 16.6

Almost every day 18.5

BMI (mean) 26.6 (4.4)

Strenuous sport

Hardly ever or never 42.9

1–3 times a month 9.3

Once a week 13.6

More than once a week 34.2

Light sport

Hardly ever or never 13.4

1–3 times a month 5.6

Once a week 13.4

More than once a week 67.6

aPercentages unless indicated otherwise. Values in parentheses are standard deviations.
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Pairwise probabilities: separate, mutual and conditional

Table 2 describes different pairwise probabilities of risk factors and diseases by age. The upper
section (the first three rows) shows the probabilities of being identified with predisposing risk
factors, i.e. high cholesterol (CH), high blood pressure (BP) or either one. The next two rows
present the probabilities of each of the diseases heart attack (HA) and stroke (ST) and the middle
section describes the probability of having both. The final section describes the conditional prob-
abilities, i.e. the likelihood of being identified with a disease conditional upon having or not having
a predisposing risk factor.

Table 2. Pairwise probabilities of risk factors and diseases

Probability (%)

50� 50–65 66�

Overall probability of risk factors

Cholesterol (CH) 22.06 19.94 24.59

Blood pressure (BP) 35.46 28.26 44.07

Combined (CO) 45.23 38.69 53.05

Overall probability of diseases

Heart attack (HA) 12.69 7.11 19.37

Strok (ST) 3.65 1.84 5.83

Combined probability

HA & CH 4.68 2.88 6.84

ST & CH 1.35 0.83 1.98

HA & BP 6.71 3.61 10.44

ST & BP 2.13 0.98 3.49

HA & CO 8.21 2.62 12.45

ST & CO 2.46 1.24 3.91

Conditional probabilitya

HA/CH 21.22 14.42 27.80

ST/CH 6.14 4.14 8.07

HA/BP 18.95 12.77 23.69

ST/BP 6.00 3.48 7.92

HA/CO 18.16 7.97 28.26

ST/CO 5.16 3.18 7.42

HA/NCH 10.28 5.29 16.61

ST/NCH 2.95 1.26 5.09

HA/NBP 9.26 4.88 15.96

ST/NBP 2.37 1.19 4.17

HA/NCO 15.34 7.96 21.74

ST/NCO 0.52 1.36 2.53

aSee Methods section for calculation of conditional probabilities.
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The findings indicate that age was a significant factor in the probability of heart attack and
stroke. The probability of being identified with HA increased from 0.071 for ages 50–65 to
0.194 (an increased predisposing risk ratio of 2.73) for ages 66�. Stroke affected 0.018 of the pop-
ulation aged 50–65 but escalated to 0.058 for ages 66�. High CH level was associated with 0.199 of
the 50–65 age group, compared with 0.246 for the 66� group. A similar trend was seen for BP.
High BP was associated with 0.283 of the younger population (50–65) and 0.441 of the older pop-
ulation (66�).

Mutual probability followed the same trend. Age was a significant factor in all the combinations
involved. The same trend was found in the conditional probabilities. However, age was a non-
manageable variable. The differences within the age groups with respect to with and without pre-
disposing risk factors are probably more important. For example, a person who is no longer char-
acterized by a high cholesterol level has reduced his or her probability of HA from 0.212 to 0.103.
This reduction accounts for a 51% reduction in the original probability.

Econometrics analysis

The model reports on the regression in which the relevant explanatory variables were defined as
having either of the two predisposing risk factors (dummy=1). In Stage 1, the probability of hav-
ing a high cholesterol problem and/or a blood pressure problem in old age was estimated. In Stage
2, the probability of having a heart attack in old age was estimated given the probability of having a
high cholesterol problem and/or a blood pressure problem in old age. To estimate the probability
of having a stroke in old age, given the probability of having a high cholesterol problem and/or a
blood pressure problem in old age, both stages were repeated. The coefficients are presented as
average marginal effects (AME). Multiplying the marginal effect by 100 yields the change in per-
centage points (Achdut et al., 2015).

Table 3 shows the Stage 2 estimators from the 2SLS procedure. It demonstrates the impact of
having a high cholesterol problem and/or a blood pressure problem on the probability of suffering
a heart attack or stroke in old age. Observation of the magnitude of the marginal effects of the
explanatory variables reveals that the probability of having high cholesterol or high blood pressure
raised the probability of a heart attack by 11.3% for the entire sample. Splitting by age groups
indicated an increased risk of only 9.3% among those in the 50–65 age bracket, and 14.1% among
those aged 66�. A one-unit increase in BMI raised the probability of having a heart attack by 6.9%
overall, by only 4.8% in the 50–65 age bracket and by 7.0% among those aged 66�.

The probability of having a heart attack increased with age: each year increased the likelihood
of having a heart attack by 2.7%, so that the likelihood of those aged 66� was greater than those
aged 50–65 (2.9% compared with 1.9%). In addition, the results indicate that the probability was
greater among men than among women aged 50� (by 6.4%). Being a native of one’s country of
residence decreased the likelihood of having a heart attack by 1.2% (Sohail et al., 2015); each addi-
tional grandchild raised it by 3.8%; and living alone had a similar impact (a marginal effect
of 3.2%).

The findings regarding the behavioural risk factors show that smoking increased the probabil-
ity of having a heart attack by 4.5%, but all the other factors had the opposite influence: drinking,
engaging in strenuous sport and engaging in light sport decreased the probability of having a heart
attack by 2.3%, 3.0% and 2.0%, respectively. In addition, an increase in equalized disposable wealth
decreased the likelihood of having a heart attack. Finally, country differences were significant,
justifying that they have been controlled (with fixed effects for each country included).

Analysis of the effect of having high cholesterol or blood pressure on the probability of having a
stroke revealed somewhat different results to those regarding heart attack. The probability of hav-
ing high cholesterol or blood pressure increased the probability of suffering a stroke by 8.4%, in
general. However, the figure for those aged 50–65 was only 3.6%, and for the group aged 66� it

836 Aviad Tur-Sinai and Nir Becker

https://doi.org/10.1017/S0021932021000432 Published online by Cambridge University Press

https://doi.org/10.1017/S0021932021000432


Table 3. Probability of having a heart attack or stroke by age, given a cholesterol and/or a blood pressure problem (2SLS
results, second stage, marginal effect)

Variable

Probability of heart attack Probability of stroke

50� 50–65 66� 50� 50–65 66�

Age 0.027*** 0.019** 0.029*** 0.019** 0.012** 0.020**

(0.004) (0.008) (0.005) (0.008) (0.006) (0.008)

Male 0.064*** 0.042*** 0.076*** 0.014*** 0.011*** 0.015***

(0.005) (0.006) (0.008) (0.003) (0.003) (0.004)

Education −0.096*** −0.130*** −0.092*** −0.060*** −0.068*** −0.039***

(0.005) (0.006) (0.012) (0.014) (0.029) (0.017)

Immigrant 0.007* 0.003 0.014* −0.008 −0.005 −0.010

(40.00) (0.002) (0.008) (0.014) (0.004) (0.013)

Living alone 0.032*** 0.028** 0.039*** 0.015** 0.01 0.017**

(0.005) (0.011) (0.006) (0.006) (0.008) (0.008)

Grandchildren 0.038*** 0.017** 0.043*** 0.020*** 0.016** 0.023**

(0.006) (0.007) (0.008) (0.003) (0.007) (0.009)

Smoking 0.045*** 0.027** 0.047*** 0.038** 0.025** 0.041**

(0.007) (0.012) (0.008) (0.016) (0.008) (0.017)

Drinking −0.023*** −0.025** −0.013*** −0.035*** −0.027*** −0.051**

(0.003) (0.011) (0.003) (0.005) (0.006) (0.022)

Strenuous sport −0.030*** −0.018* −0.034*** −0.020** −0.018** −0.026**

(0.006) (0.010) (0.009) (0.008) (0.009) (0.011)

Light sport −0.020*** −0.011*** −0.016*** −0.014*** −0.009*** −0.019***

(0.003) (0.004) (0.004) (0.003) (0.003) (0.005)

Equalized disposable wealth – quartile 2 −0.028*** −0.027*** −0.032* −0.021*** −0.024*** −0.020***

(0.005) (0.006) (0.018) (0.005) (0.006) (0.005)

Equalized disposable wealth – quartile 3 −0.032*** −0.040*** −0.03 −0.014*** −0.016*** −0.010***

(0.006) (0.009) (0.026) (0.003) (0.004) (0.003)

Equalized disposable wealth – quartile 4 0.012** 0.012** 0.026** −0.010*** −0.010*** −0.006

(0.006) (0.006) (0.011) (0.002) (0.003) (0.005)

BMI 0.069** 0.048** 0.070** 0.047*** 0.027*** 0.050**

(0.032) (0.020) (0.035) (0.022) (0.008) (0.023)

High cholesterol and/or blood pressure 0.113*** 0.093** 0.141*** 0.084*** 0.036*** 0.092***

(0.014) (0.043) (0.016) (0.007) (0.008) (0.010)

Country fixed effect Yes Yes Yes Yes Yes Yes

Log-likelihood −8655.46 −3,405.36 −5,195.68 −3,444.36 −1,210.46 −2,221.31

No. observations 47,717 21,575 26,142 47,717 21,575 26,142

Standard errors in parentheses.
***p<0.01; **p<0.05; *p<0.1.
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was 9.2%. A one-unit increase in BMI increased the probability of a stroke by 4.7%, in general, by
age 2.7% for the 50–65 age bracket and by 5.0% among those aged 66�.

The findings indicate an increase in the probability of having a stroke with age: each year
increased the likelihood of having a stroke by 1.9%, with the likelihood among those aged
66� being greater than among those aged 50–65 (2.0% compared with 1.2%). The analysis indi-
cated that the probability was 1.4% greater among men than among women. Each additional
grandchild raised the probability of having a stroke by 2.0% and living alone had a very similar
impact (a marginal effect of 1.5%).

The findings regarding the behavioural risk factors showed that smoking increased the prob-
ability of having a stroke by 3.8%. All other factors affected the probability of stroke in the opposite
direction: drinking, engaging in strenuous sport and engaging in light sport decreased the prob-
ability by 3.5%, 2.0% and 1.4%, respectively. In addition, an increase of equalized disposable
wealth decreased the likelihood of having a stroke. Finally, country differences were significant,
justifying having been controlled. It might be that country-specific differences occur due to
national policies, as well as other assimilated factors. Country-specific differences were not the
focus of the current inquiry and are not detailed. A further research will give a special attention
to this social aspect.

Tables 4 and 5 present a summary of the reduced probabilities based on the models described
above. Table 4 shows the reduced probabilities for the pairwise comparison while Table 5 presents
the reduced probabilities for the regression analysis. The range of reduced probabilities was from
as low as 1.7% for the effect of high cholesterol level on probability of stroke for ages 50–65 up to
11.3% effect of high blood pressure on the probability of heart attack. Both cases are for the regres-
sion analysis.

To estimate the impact of a single risk factor, another equation not discussed in the paper but
shown in Table 6 was estimated.

Cost of illness

Table 7 shows the data on heart attack and stroke on the basis of the various studies surveyed. To
obtain a single estimate only, the geometric mean of the different studies for the two events was
used. The mean costs for heart attack and stroke were 77,198 Euros and 31,735 Euros, respectively.
To calculate the expected cost reduction due to elimination of a predisposing risk factor, the
reduced probability due to elimination of the given risk factor (BP, CH) was multiplied by the
cost per disease (HA, ST). The results are presented in Tables 8 and 9 for the pairwise and

Table 4. Reduced probability due to elimination of a risk factor based on pairwise comparison

Reduced probability (%)a

50� 50–65 66�

Separate effects based on pairwise comparison

RPBP–>HA 9.69 7.89 6.73

RPCH–>HA 10.94 9.13 11.19

RPBP–>ST 3.63 2.29 3.75

RPCH–>ST 2.08 2.88 2.98

Either/or effects based on pairwise comparison

RPBP/CH–>HA 18.71 15.04 15.63

RPBP/CH–>ST 5.22 4.14 4.86

aSee Methods section for calculation of reduced probabilities.
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regression analysis, respectively. As can be seen from the tables, the marginal benefit of eliminat-
ing a predisposing risk factor depends on the disease and the age and ranges from 0.62 thousand
Euros (effect of high cholesterol on the probability of stroke for age 50–65 in the case of regression
analysis) up to 12.8 thousand Euros (effect of high blood pressure on the probability of stroke in
the pairwise comparison analysis).

Discussion
The two predisposing risk factors high blood pressure (BP) and high cholesterol (CH) were found
to be significant in all cases, when they were taken separately and in the either/or form.
Furthermore, the role of sex was found to be significant. In all age groups, men had a higher risk
than women of suffering both heart attack and stroke. There is no a priori evidence of a given sign
(that men should have a higher risk than women of suffering both heart attach and stroke) in the
literature (Bardage et al., 2005; Kunst et al., 2005). A few studies have investigated the association
between sex and general health, but the results have not been consistent. For example, a study
conducted in Taiwan found that women had an increased tendency for deterioration of health,
expressed in a decline in ADLs (Activity of Daily Living) (Pan et al., 2005), but a study of self-
reported health in eleven European countries based on SHARE 2004 (Wave 1) data concluded
that, in most instances, women were significantly less likely than men to report poor as opposed
to very good health (Verropoulou, 2009).

The importance of socioeconomic status for health outcomes is well established in the inter-
national literature (Kunst et al., 2005; Tubeuf et al., 2012). In the current analysis, this was rep-
resented by educational attainment, a variable that has been found to be an important indicator
among older adults (Tsimbos, 2010). For example, a European study based on SHARE data indi-
cated a strong association between level of education and the probability of having a high quality
of life (which includes health aspects) among older adults (Wahrendorf et al., 2006). Brunello et al.
(2016) found about a 30% impact of education on good health status. Braakmann (2011), how-
ever, found no causal effect between education and health status but his study did not concentrate
on older adults.

Living alone was found to increase the likelihood of having a heart attack or stroke. These find-
ings support prior studies, which found that loneliness was a significant risk factor for coronary
heart disease among older adults (Sorkin et al., 2002; Gomes et al., 2013; Shiovitz-Ezra & Litwin,
2015). Lastly, in a study on health disparities between blacks and whites, Sharma (2012) concluded
that lower levels of education have a highly significant effect on health. Income, a factor associated

Table 5. Reduced probability due to elimination of a risk factor based on regression coefficients

Reduced probability (%)

50� 50–65 66�

Separate effects based on 2SLS

RPBP–>HA 9.7 7.3 11.3

RPCH–>HA 3.3 2.9 5.4

RPBP–>ST 6.5 2.7 8.2

RPCH–>ST 2.4 1.7 4.1

Either/or effects based on 2SLS

RPBP/CH–>HA 11.7 9.1 14.3

RPBP/CH–>ST 8.6 3.6 9.7
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Table 6. Regression table with coefficients indicating the single impact of a risk factor (2SLS results, second stage, marginal
effect)

Variable

Heart attack Stroke

50� 50–65 66� 50� 50–65 66�

Age 0.026*** 0.018** 0.029*** 0.018** 0.011** 0.019**

(0.004) (0.008) (0.006) (0.008) (0.005) (0.009)

Male 0.065*** 0.048*** 0.084*** 0.014*** 0.012*** 0.016***

(0.007) (0.008) (0.008) (0.003) (0.004) (0.004)

Education −0.092*** −0.132*** −0.089*** −0.062*** −0.067** −0.041***

(0.005) (0.006) (0.013) (0.012) (0.031) (0.013)

Immigrant −0.010* (0.001) −0.068* 0.003 0.001 0.005

(0.006) (0.001) (0.040) (0.003) (0.001) (0.004)

Living alone 0.027*** 0.024** 0.041*** 0.015** 0.008 0.016**

(0.006) (0.011) (0.007) (0.007) (0.008) (0.008)

Grandchildren 0.040*** 0.018** 0.044*** 0.016*** 0.014** 0.023**

(0.006) (0.008) (0.008) (0.003) (0.006) (0.010)

Smoking 0.048*** 0.026** 0.044*** 0.033** 0.027** 0.042**

(0.009) (0.012) (0.011) (0.015) (0.013) (0.019)

Drinking −0.022*** −0.025** −0.015** −0.032*** −0.026*** −0.051**

(0.004) (0.012) (0.007) (0.007) (0.009) (0.021)

Strenuous sport −0.033*** −0.019* −0.035*** −0.020** −0.018** −0.025**

(0.007) (0.010) (0.010) (0.009) (0.009) (0.012)

Light sport −0.020*** −0.013** −0.016*** −0.015*** −0.009*** −0.019***

(0.003) (0.003) (0.005) (0.003) (0.003) (0.004)

Equalized disposable wealth – quartile 2 −0.027*** −0.027*** −0.036* −0.020*** −0.028*** −0.020***

(0.007) (0.007) (0.021) (0.005) (0.007) (0.005)

Equalized disposable wealth – quartile 3 −0.031*** −0.043*** (0.032) −0.014*** −0.013*** −0.008***

(0.006) (0.008) (0.023) (0.003) (0.005) (0.003)

Equalized disposable wealth – quartile 4 0.012** 0.014** 0.028** −0.010*** −0.011*** (0.006)

(0.005) (0.006) (0.013) (0.003) (0.003) (0.006)

BMI 0.071** 0.049** 0.067** 0.044*** 0.024*** 0.046**

(0.031) (0.021) (0.033) (0.017) (0.09) (0.022)

Cholesterol 0.033** 0.029** 0.054** 0.024*** 0.017** 0.041***

(0.013) (0.014) (0.021) (0.005) (0.008) (0.010)

Blood pressure 0.097*** 0.073** 0.113*** 0.065*** 0.027*** 0.082***

(0.019) (0.036) (0.023) (0.009) (0.010) (0.010)

Country fixed effect 0.048** 0.057** 0.030 * 0.031** 0.041** 0.025*

(0.020) (0.026) (0.017) (0.013) (0.018) (0.014)

Log-likelihood −8451.13 −3326.18 −5136.67 −3418.12 −1204.41 −2204.09

(Continued)
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with high educational attainment, has also been shown to significantly impact health status (Bós &
Bos 2007; Jang et al., 2009).

Another advantage of using level of education as a variable is its establishment early in life, so
that it is not affected by subsequent decline in health and is a fairly robust measure for addressing
issues of causality. The findings of the present research suggest that higher educational attainment

Table 6. (Continued )

Variable

Heart attack Stroke

50� 50–65 66� 50� 50–65 66�
No. observations 47,717 21,575 26,142 47,717 21,575 26,142

Standard errors in parentheses.
***p<0.01; **p<0.05; *p<0.1.

Table 7. Summarized data for the incidence cost of diseases from different sources

Author Location Year
Original cost
per disease

Cost per disease
updated for 2019

GDP
(PPP)
ratio to
EU-28

Cost per disease adjusted for
GDP ratio to EU 2019 (Euros)

Stroke

Fattore et al.
(2012)

Italy 2007 19,953 Euros 25,305 Euros 0.80 31,631

Olesen et al.
(2012)

Europe 2010 26,641 Euros 31,838 Euros 1.00 31,838

Average cost 31,735

Heart attack

Lesyuk et al.
(2018)

World 2016 126,819 US$ 134,581 US$ 1.46 82,270

Shafie et al.
(2018)

World 2014 106,865 US$ 117,988 US$ 1.46 72,126

Average cost 77,198

Table 8. Monetary estimate for reduction in risk factor cost per disease based on pairwise comparison

Reduction in risk factor cost per disease (in 2019 thousand Euros)

50� 50–65 66�

Separate effects based on pairwise comparison

RPBP->HA 7.48 6.09 5.20

RPCH->HA 8.45 7.05 8.64

RPBP->ST 12.39 7.82 12.80

RPCH->ST 7.10 9.83 10.17

Either/or effects based on pairwise comparison

RPBP/CH->HA 14.44 11.61 12.07

RPBP/CH->ST 1.66 1.31 1.54

Values calculated by multiplying the associated RP in Table 4 by the cost of the appropriate disease as calculated in Table 7.
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has a strong protective effect, significantly reducing the chances of a decline, at least in the two
diseases examined in this study. In addition, a higher number of grandchildren increased the
probability of having either of the studied diseases. This might be explained by the role of many
older adults in caring for and feeding their grandchildren, which might be accompanied by
changes in their own regular diet and increase the risk of coronary heart disease (Lee et al., 2003).

Regarding the role of behavioural risk factors, in the present study, levels of physical activity were
strongly negative associated with a decline in SRH. Leinonen et al. (2001), Holme and Anderssen
(2015) and Humphreys et al. (2014) reported similar results. A negative association was also found
between obesity, either measured by BMI or self-reported. Smoking has been shown to be negatively
related to a lower level of self-reported health (Mohammadnezhad et al., 2015), while in contrast,
drinking alcohol four to five times a week was found to significantly increase the chances of having a
higher-level health status. Antonanzas et al. (2008), Horton (2015) and Davies et al. (2017) sup-
ported this result, by arguing that there was evidence of some health benefits related to wine con-
sumption. They showed what is called the ‘French paradox’ theme, where epidemiological studies
indicate that consumption of alcohol can reduce risk coronary heart disease.

As expected, this study found that age had a significant coefficient, both within and between the
two age brackets (Rudd et al., 2007; Stenholm et al., 2015). Each year from age 50 to age 65 con-
tributed 1.8% and 1.1% to the chances of heart attack and stroke, respectively. These percentages
increased to 2.9% and 1.9% for the population aged 66�. Finally, being an immigrant was not a
significant factor for stroke in either age group (Sohail et al., 2015). This finding supports the
assumption that the probability of suffering a stroke is mainly affected by general health,
socio-demographic and behavioural risk factors, which are not significantly different among
European countries. Another factor that was found not to be significant was the third quintile
of equalized disposable wealth among the 66� age group regarding heart attack.

This analysis concentrated on the cost and probability estimation of two diseases, namely heart
attack and stroke. As can be seen from Table 8, the benefit of reducing one disease ranges between
5.2 and 12.8 million Euros per saved case. However, this should not serve as the basis for suggest-
ing resource allocation. For that purpose, it is also necessary to include the difference in the cost of
treatment of heart attack and stroke, which was beyond the scope of the present research.

The analysis shows a significant reduction of the probability of self-reporting one of two
adverse events (heart attack and stroke) with and without two predisposing risk factors (BP
and CH). The estimates for the costs of both diseases were the corner stone for estimating the
marginal effect of risk factors. But these reflect only a part of what should be considered when

Table 9. Monetary estimate for reduction on risk factor on the cost per disease (in 2019 thousand Euros) based on
regression coefficients

Reduction in risk factor cost per disease (in 2019 thousand Euros)

50� 50–65 66�

Separate effects based on 2SLS

RPBP–>HA 7.98 6.11 9.18

RPCH–>HA 2.54 2.27 4.15

RPBP–>ST 2.34 0.98 3.08

RPCH–>ST 0.86 0.62 1.48

Either/or effects based on 2SLS

RPBP/CH–>HA 5.22 4.06 6.38

RPBP/CH–>ST 10.59 4.42 11.95

Values calculated by multiplying the associated RP in Table 4 by the cost of the appropriate disease as calculated in Table 7.
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studies based on cost-benefit analysis or cost-effectiveness are to be carried out. Studies of the cost-
of-illness method, as those that Table 7 was based on, can be combined with studies that measure
the effect of risk factors on diseases (e.g. Kronish et al., 2016; Ahmed et al., 2017; Yi et al., 2018;
Chu et al., 2020). Conditional probability based on either self-report or a more objective assess-
ment can lead to a more educated budget allocation based on monetary value per reduced health
hazard unit value.

Conclusion
Smoking, physical inactivity, unhealthy diet, obesity and other lifestyle behaviours are known to
be associated with the development of diseases such as cancer, heart disease, stroke and diabetes
(Lopez et al., 2006). Previous studies have investigated the effects of single lifestyle behaviours on
health, but a combined and conditioned probability approach may yield a more accurate picture.
Predictions should consider several variables, including not only lifestyle but also health factors
(e.g. the effect of blood pressure on heart attacks). Using data on the self-reported health of per-
sons aged 50 or higher, as reported in Wave 6 of SHARE, factors were sought that might predict a
decline or an improvement in two diseases, namely heart attack and stroke. The results of reduced
probabilities were then used to assess the expected cost of eliminating one of two predisposing risk
characteristics, namely high blood pressure (BP) and cholesterol (CH).

The results revealed the significant role of socioeconomic status, particularly educational
attainment, in health outcomes. The findings of the study demonstrated that higher educational
attainment had a strong protective effect, significantly reducing the chances of deterioration, at
least in the two diseases examined. In addition, a higher number of grandchildren raised the prob-
ability of having either of the diseases. This may be explained by the role of many older adults in
caring for and feeding their grandchildren, which may be accompanied by some changes in their
own regular diets. As expected, the findings demonstrate a significant coefficient, both within and
between the two age brackets. In addition, immigrant status was found not to be a significant
factor for any age group regarding stroke risk. This result supports the assumption that the prob-
ability of suffering a stroke is mainly affected by general health, socio-demographic and behav-
ioural risk factors and are not significantly different among European countries. Income, a factor
associated with high educational attainment, was also found to significantly impact health status.

Regarding the role of behavioural risk factors, in the present study low and high levels of physical
activity were strongly related to a decline in self-reported health. Obesity, as measured by BMI, was
negatively associated with a decline in self-reported health. By contrast, drinking alcohol four to five
times a week significantly increased the chances of improvement in the health status. This result is
being supported by the ‘French paradox’ theme (Antonanzas et al., 2008; Horton, 2015; Davies
et al., 2017). Smoking was also found to be significant. Another factor that was found not to have
a significant effect was the third quintile of equalized disposable wealth among the age group of
66� regarding heart attack. Finally, country differences were significant, justifying there having been
controlled.

The study finding support the claim that socioeconomic factors, age, income and behavioural
risk factors are the most powerful predictors of a decline, or improvement, in the risk for heart
attack and stroke. Since national health budgets are limited, health policies such as screenings and
brief interventions might be prioritized by such studies and especially by the cost required to
achieve a given goal as estimated monetarily in the paper.

Risk behaviour was found to be a significant component that determines the probability of
being identified with heart attack and stroke. Two models are presented in which monetary esti-
mates could be derived for the marginal effect of one or two risk behaviours on the probability of
suffering one of these diseases. More studies should attempt to estimate the different risk behav-
iours for different diseases. This can be done either by self-reported surveys or more objective risk
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assessments. The study has one limitation that should be mentioned: it was a pure cross-sectional
analysis that could adequately answer the question of causality.
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