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A B S T R A C T

The world population is ageing, and as lifestyle related illnesses and multi-morbidity increase with ageing, prevention with modifiable factors is becoming an
increasingly important issue. In the current paper, we revisit the retirement (food) consumption puzzle in a welfare state context and examine how retirement
affects food expenditure and energy intake as well as the dietary healthiness of elderly individuals with different marital and labor market status. We use a unique
household panel data set covering the period from 2007–2017 with monthly food purchases from a sample of households above 55 years of age. We supplement
the purchase data with official register data on income, health-contact days, unemployment, early voluntary and old age retirement at the individual level. The
structure of the data set facilitates the identification of any associations between retirement and dietary behavior while controlling for important confounding
factors such as the number of health-contact days as a proxy for health shocks and income as a proxy for wealth shocks. We compare the results with the results
from estimations using instruments for the retirement decision. We do not find any evidence to support a retirement (food) consumption puzzle. Generally, the
healthiness of diets increases at the point of retirement, and even more so for those who had the most unhealthy diets before retirement. Since the diets of
individuals outside the labor market are less healthy both before and after retirement compared to other groups, the focus of dietary policy should be directed
at this group.
1. Introduction

The proportion of elderly people in the population has increased
in recent decades. In 2019, more than one fifth of the population in
Europe were 65 years or above, an increase of almost three-percentage
points since 2009. This trend is expected to continue in the coming
decades and almost one third of the population is expected to be
65 years or above in 2050 (Eurostat, 2020). Similar demographic
patterns are seen in most Western countries (WorldBank, 2020). World-
wide, the share of the population above 65 years of age is expected to
increase from 9% today to 16% in 2050. As the prevalence of lifestyle-
related diseases and multi-morbidity increases with age (Rosendahl
Jensen et al., 2018), the overall health of the elderly is, therefore, an
important issue for the health authorities. Modifiable actions necessary
to counteract lifestyle-related disease and multi-morbidity are part
of general health-promoting strategies, including measures to reduce
smoking, increase physical activity and improve dietary patterns (Doyle
et al., 2009). Maintaining adequate nutritional status during older
age is an important strategy for reducing the prevalence of lifestyle-
related illnesses as well as for delaying a decline in capacity and frailty
conditions (WHO, 2015).

One important aspect of the ageing process is the transition from
work to retirement, which for many individuals leads to a decrease
in work-related income and, thereby, less money available to spend
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on food and living (Barrett and Brzozowski, 2012; Smith, 2006). The
literature reports that at the time of retirement, people decrease their
food expenditure (e.g. Aguila et al. 2011, Allais et al. 2020, Barrett and
Brzozowski 2012, José Luengo-Prado and Sevilla 2013, Stephens Jr and
Toohey 2018), which at a first glance may appear a logical derivative
of a decrease in income. However, if retirement is anticipated, then
according to the standard life-cycle model of consumption, individuals
should be able to smooth consumption over their lifetime with little
decline in food expenditure at the time of retirement. This drop in
expenditure at retirement is named the retirement (food) consumption
puzzle since the decline in spending is only found to concern two
types of consumption; work-related items and food (Battistin et al.,
2009; Browning and Crossley, 2001). In this context the decline in
consumption of work-related items is anticipated, as the retired indi-
vidual will no longer need work-related items, while the decline in food
expenditure remains a puzzle.

There have been several attempts to explain this puzzle. Leaving
the labor market implies that the individual is released from work-
related stress and strain (Eibich, 2015) and has more time available
to spend on meal activities, including shopping and doing more home
cooking (Atalay et al., 2020; José Luengo-Prado and Sevilla, 2013; Ve-
larde and Herrmann, 2014). The observed decrease in food expenditure
is generally not found to be associated with a decrease in the quantity
vailable online 30 September 2022
306-9192/© 2022 The Author(s). Published by Elsevier Ltd. This is an open access a

https://doi.org/10.1016/j.foodpol.2022.102330
Received 16 July 2021; Received in revised form 7 July 2022; Accepted 31 July 20
rticle under the CC BY license (http://creativecommons.org/licenses/by/4.0/).

22

http://www.elsevier.com/locate/foodpol
http://www.elsevier.com/locate/foodpol
mailto:ss@ifro.ku.dk
https://doi.org/10.1016/j.foodpol.2022.102330
https://doi.org/10.1016/j.foodpol.2022.102330
http://crossmark.crossref.org/dialog/?doi=10.1016/j.foodpol.2022.102330&domain=pdf
http://creativecommons.org/licenses/by/4.0/


Food Policy 112 (2022) 102330S. Smed et al.

r
c
t
t
t
T
r
p
p
i

2
i
H
p

d
2
t
H
4
t

e
w
a
t

a

of food purchased, thus implying that shopping for cheaper foods may
be part of the explanation. Food expenditure may also be reduced by
increased home production of food instead of purchasing take-away or
ready-to-eat meals (Aguiar and Hurst, 2005, 2007; Bonsang and Van
Soest, 2015; Hurst, 2008). The heterogeneity in terms of the effect of
retirement on food expenditure has, to some extent, been investigated
across income groups (Allais et al., 2020; Barrett and Brzozowski, 2012;
Hurd and Rohwedder, 2013; Hurst, 2008) and across voluntary and
involuntary retirement (Barrett and Brzozowski, 2012; Hurst, 2008;
Smith, 2006). Another element is the healthiness of the meals and the
overall diet consumed. An increase in home production of meals may
also lead to a change in the healthiness of the overall diet. Lack of
time has been suggested to be a factor contributing to less healthy
diets (Jabs and Devine, 2006; Monsivais et al., 2014), implying that
because retirement leads to more leisure time, it may also lead to
increased dietary healthiness. The health aspect has, however, only
been analyzed in a few studies (Allais et al., 2020; Celidoni et al.,
2020; Chen et al., 2017; Eibich, 2015; Hinnosaar, 2018; Schader and
Herrmann, 2017).

In the current paper, we revisit the retirement (food) consumption
puzzle in a welfare state with a flexible and advanced pension scheme,
and examine how retirement affects food expenditure and energy intake
as well as dietary healthiness for elderly individuals with different
marital status. We focus on possible differences in the effects depending
on whether the individual enters retirement from employment or from
a position outside the labor market. Our contribution to the literature
is three-fold. The first contribution is an analysis of how retirement
affects food consumption in a welfare state, with different retirement
schemes and income replacement compared to many other countries.
The second contribution concerns the heterogeneous effects of retire-
ment. We combine home scan data with register data, which allows
us to analyze the effect of the retirement transition dependent on pre-
retirement labor market status. Furthermore, the richness of the data
allows us to use proxies for health and wealth status, which are often
unavailable in other empirical studies. We compare this approach with
the results from an IV approach using the ages eligible for retirement
as instruments for the retirement decision. The inclusion of income
as a proxy for wealth shocks in the model implies that our analysis
addresses if the increased time available, at the point of retirement,
can explain the decline in food expenditure. However, as we also
estimate models without the income variables and models using an
IV approach for comparison, these will directly test for the retirement
(food) consumption puzzle. More knowledge about the effect of re-
tirement on dietary healthiness is an important aspect in preventing
the prevalence of lifestyle-related illnesses in the elderly population.
Our last contribution to the literature is therefore that we focus on the
effect of retirement on the overall healthiness of diets. The remainder of
the paper is structured as follows: Section 2 describes the institutional
setting of retirement in Denmark. Section 3 describes the data and
methods. Section 5 presents the results and Section 6 discusses the
results and the policy implications of the findings.

2. The retirement settings in Denmark

Retirement in Denmark can take two forms; early voluntary retire-
ment (Efterløn) or old age retirement (Folkepension). Early voluntary
retirement is a planned retirement that can take place from the age
of 60 years and until the official age of old age retirement is reached.
In 2011, the period that an individual could receive early voluntary
pension was reduced from 5 years to 3 years and the starting age
was raised to 61.5 years and then to 62 years in 2019. To be eligible
for early voluntary retirement, the individual needs to be a member
of an unemployment fund and needs to have paid contributions to
the retirement scheme for a certain number of years. Not everyone
who is eligible for early retirement chooses to retire early, but the
proportion who do decide to retire early increases with age from 34
2

percent of those eligible at age 61, to 73 percent of those eligible at
age 64 (STAR, 2020). Everybody is eligible to receive old age pension
from 65 years.1 Regardless of income and marital status, everybody
eceives a standard pension, while low-income households and singles
an receive bonuses and other additional financial support. Delaying
he payment of the public pension results in a financial bonus. On
op of the public pension, individuals can save for their retirement
hrough private or employer-paid retirement savings while working.
hese savings are paid out when the official retirement age has been
eached on top of the public payment without any reduction in the
ublic payment. It is possible to work to some degree while receiving
ublic pension benefits. For the early voluntary retirement, the wage
ncome earned is, to some extent, deducted from the pension payment.2

While receiving old age retirement, the individual can earn up to
122,004 DKK per year without experiencing reductions in payments.
If a low-income individual has a wage income on top of the pension
payment, the additional grants (e.g. help for medication payment or
rent) may disappear since these depend on total income. Individuals
can receive a disability pension (Førtidspension) if they are unable to
work at a younger age due to permanent disability or poor health.
When the official age of retirement has been reached, the disability
pension transforms into old age pension. Individuals receiving disability
pension are not eligible to take early voluntary retirement.

3. Methods and data

3.1. Data and sample

In this study, we use panel data from GfK panel services Scandi-
navia (hereafter abbreviated to GfK)3 covering the period from January
2007 to December 2017. The main shopper in the household registers
prices and quantities for all purchased food products and sends in a
weekly report to the company. The reported purchases cover house-
hold purchases in supermarkets, small stores, etc., but not restaurants,
cafes and take-aways. Additionally, each year, the households fill in
a questionnaire that collects, among other things, socio-demographic
information, i.e., the person in the household mainly responsible for
shopping, the highest level of education for the members of the house-
hold and whether it is a single or couple household. Furthermore,
the respondents note how many adults in the household consume
homemade lunch (eat lunch at home or take a homemade lunchbox
to work or school), how many days in an average week the household
cooks at home4 as well as how many hours the individual who is mainly
responsible for shopping exercises in an average week. The panel is
unbalanced, implying that some households leave the panel each month
and are replaced by similar types of household.5 GfK strives to maintain

1 The age of old age retirement was raised with the retirement reform in
011. The change in retirement age came into effect in 2019 and will gradually
ncrease up to 67 years of age, depending on the year of birth of the individual.
owever, the extended retirement age is outside the data period used in this
roject.

2 If your hourly wage is 259.80 DKK/hour or above, the pension payment
ecreases by the same amount as your wage income. If your wage is below
59.80 DKK/hour, the deduction is adjusted accordingly. Low wage earners,
herefore, have a small income advantage from working while on retirement.
owever, this advantage can only be obtained until the individual has earned
1,164 DKK per year. Thereafter, the pension payment is decreased 1:1 with
he pension payment per hour worked.

3 Gfk is a private company specializing in the construction of consumer pan-
ls and analysis for market research purposes. The firm provides households
ith a hand-scanner device, which they use to scan all purchases of food with
bar-code. Purchased food without a bar-code has to be entered manually in

he protocol.
4 The latter is, however, only available for households with more than one

dult.
5 The replacement rate is around 20 percent each year.
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the representativeness of the panel with respect to the geographical
location of the households, age, education and family size.

The level of detail of the purchase data is at the brand level for many
products, which means that we were able to concatenate the purchase
data with nutritional data from the Food Composition Databank from
the National Food Institute, Technical University of Denmark (https:
//frida.fooddata.dk/). The products are matched at the most detailed
level possible. The matrices in the Food Composition Databank include,
among other things, information about the content of energy and
macro-nutrients (e.g. protein, fat, carbohydrates) per 100 g of each
food item. The values from the data bank are then multiplied by the
weight purchased of each type of food to obtain the amount of each
nutrient purchased. These are aggregated over food groups to obtain
the aggregated purchase of nutrients from the diet.

In the present paper, we use purchases and consumption inter-
changeably. It should be noted that the panel members register pur-
chases which could potentially deviate from consumption (due to,
e.g., food waste, food being prepared for friends, eating at a friend’s
house, etc.). The panel is based on household food purchases, which
means that we cannot observe consumption for each individual member
of the household. Therefore, we construct consumption per standard
individual equivalent to reflect individual consumption in the best
possible way. Standard individual equivalents are constructed in such
a way that each household member is given a weight based on gender
and age-dependent daily recommended energy intake relative to a
standard individual (a female between 30 and 60 years of age).6 Gender
nd age-dependent daily recommended energy intake is retrieved from
he DTU National Food Institute (Saxholt et al., 2010). We aggregate
he purchase data to monthly purchases to minimize any mismatch
etween purchase and consumption due to storage of long-lasting staple
oods. Around 30 percent of the months have one or two weeks where
he households did not register any purchases. The food purchases in
hese ‘‘missing weeks’’ are replaced by the average weekly purchases
or the household calculated for the weeks within the same month. We
elete months with more than two weeks missing.7

A unique feature of the current data set is that it is possible to
ink the purchase data to official individual register data at the CPR
central person registration/personal ID number) level from Statistics
enmark.8 These data allow us to identify the labor market status of

he individuals in the household, i.e., whether the adult members of the
ousehold are working, unemployed, on disability pension, early volun-
ary retirement or old age retirement and the dates of these transitions.

e discuss our definition of retirement below in Section 3.3 and our
efinition of out of labor market status in Section 3.4. Furthermore, the
egister-data allow us to include information about the health status of
he individuals in the household and household income. These variables
re discussed below in Section 3.2, as is the control variables lunch at
ome and exercise.

6 A female aged 55 has a recommended daily energy intake of 9200 kJ and
male of the same age has 11800 kJ. This implies that a single household
ith a female head aged 55 has weight of 1. A single household with a male
ead aged 55 has weight of 1.28 (11800/9200), and a couple household with
female and a male both aged 55 has weight of 2.28 ((11800+9200)/9200).
7 The potential implications of this adjustment for the results are tested in
robustness analysis, which is discussed in Section 4.3 and the results are

resented in appendix B.
8 The coupling of the purchase data with the official register data was

onducted by Statistics Denmark based on the CPR numbers of the individuals
n the household panel. Names, addresses and the dates of birth of the panel
embers were sent from GfK to Statistics Denmark, where the information
as used to retrieve the CPR numbers and match them with the register data.
ll CPR numbers, names and addresses were then deleted and the household
eceived a unique identification number, which made the households anony-
ous to us. All data are only available through the protected server at Statistics
enmark and only regression results and average statistics can be exported

rom the server.
3

t

In total, 8064 households were identified in the data set in the
period 2007–2017. Deleting households where the main shopper is
younger than 55 years results in a data set with 2620 households. The
argument for choosing this age limit for the households is that it allows
the construction of a reasonable control group to control for time-
specific trends not related to retirement.9 In the data set, we have 524
main shoppers who retired during the period we observed them, while
1038 had already retired before the start of the observation period
and 1058 who did not retire in the observed period. We deleted the
households that had retired before we observed them and only kept the
households for which we observed the transition into retirement and
those that did not retire. The final sample consisted of 1582 households
with 74,622 monthly observations. Of these, we have 378 households
who retired from employment and 146 who retired while outside
the labor market. If a household has multiple entries into retirement,
e.g., are on early voluntary retirement for a couple of months, then
work for a couple of years and finally enter old age retirement, we use
the most recent of these, i.e., in this case, old age retirement. It should
be noted that retirement from employment is the most common path
into retirement (Larsen and Pedersen, 2008).

3.2. Important control variables

We include information from the national patient register about the
number of days per month that the individuals in the data set have
contact with a hospital or healthcare center as a proxy for the health
status of the individuals in the household. The patient register includes
both routine check-ups in relation to chronic diseases (e.g. dietary
guidance and tests in relation to diabetes, cancer, or cardiovascular
disease), hospitalization admissions and emergency visits.10 From the
egister-data, we also have a measure of annual equalized disposable
ncome, which is generated for the household by adding the disposable
ncome of all household members and then dividing this amount by

weighted average number of people in the family using the OECD
quivalence scale. Disposable income includes salary, profit from own
usiness, property income, public and private pensions and other trans-
ers, interest income and dividends from securities, etc. To this is added
calculated rental value of own house. Taxes, interest expenses, paid

limony, etc., are deducted from this income variable. This variable is
sed as a proxy of sudden income changes for the households.11 The
urchase data only cover in-house consumption. This is not considered
major problem as long as the households do not change their eat-

ng out of home consumption due to retirement status. However, we
ight expect that especially the number of lunches eaten at home will

ncrease when no longer working. From the annual questionnaires sent
o the panel, we collected information about the number of adults in
he household that eat lunch at home or bring homemade lunchboxes to
ork or school, eat lunch at work canteens or at restaurants/cafes. This
ariable is re-coded so that it is = 1 if 2 (/1) or more adults in a couple
/single) household eat lunch at home or eat a homemade lunchbox,
.5 if 1 out of 2 eat lunch at home, 0 otherwise. Furthermore, for
ouple households, we have information about the number of days in an
verage week that the household cooks dinner at home (never/seldom,
–2 days a week, 3–4 days a week, 5–7 days a week). This variable is
e-coded = 1 if the respondents answer 5–7 days a week, 0 otherwise.
inally, the individual who is mainly responsible for shopping provides
nformation on the number of hours they exercise in an average week.
his variable is also included as a control.

9 We test the robustness of the results to the exclusion of a control group.
or a description of the robustness tests, see Section 4.3. The results are
resented in appendix B.
10 Note that this variable does not include information on visits to general
ractitioners.
11 Note that this variable does not divide income into wage income, pension
ayment or wealth income. We compare the results from the estimations using
roxy variables for health status and wealth shocks with the results from using

he ages eligible for retirement as instruments (IV-approach) in Section 4.2.

https://frida.fooddata.dk/
https://frida.fooddata.dk/
https://frida.fooddata.dk/
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3.3. Definition of retirement

Different definitions of retirement are used in the literature. Hin-
nosaar (2018) defines those who do not work for payment as retired,
while Allais et al. (2020), Atalay et al. (2020), Barrett and Brzozowski
(2012), Hurd and Rohwedder (2013), José Luengo-Prado and Sevilla
(2013) and Velarde and Herrmann (2014) use self-reported retirement
status, and Nielsen (2019) define those who receive a public pension
and do not work as retired. We follow Olesen et al. (2015), and define
individuals as retired when they receive public pension benefits as a
result of either early voluntary retirement or old age retirement. It has
been found that people plan their retirement after the age at which
they are eligible to receive a public pension, which suggests that public
pension payments matter for decisions about when to retire (Gupta and
Larsen, 2010), which justifies our definition. Furthermore, not working
is considered to be inappropriate as a definition as not working may
be due to involuntary unemployment or disability pension. We assume
that an individual who wishes to work will postpone retirement even
though they are eligible to receive a pension as they have a financial
incentive to do so. For the majority of individuals in our data set,
withdrawing from work and receiving pension payments overlap, but
some individuals continue to work to some degree while receiving
pension payments. One year after retirement, 25% of the sample had
some work, but 2 years after retirement this had declined to 20%.12

nitial estimations showed that there were no major differences in the
ffect of early voluntary and old age retirement on dietary behavior.
herefore, we do not distinguish between these two types of retirement.

.4. Definition of Out of Labor Market (OLM)

Unemployment may be a factor that influences the decision to
etire. Early voluntary retirement benefits are often claimed following
long period of unemployment for elderly individuals (Quaade et al.,

002), especially for unskilled and manual workers (Qvist, 2020).
dditionally, unemployment has been found to be associated with
oorer diets (Milicic and DeCicca, 2017; Smed et al., 2017). This
ay have two implications: (1) the transition from outside the labor
arket to retirement may not lead to major decreases in income or

o more time available for cooking as these people already have more
eisure time and a relatively low income, and (2) the effect of the
ransition to retirement from outside the labor market may differ from
he effect of transitioning from work because those involved in the
ormer may have had a poorer diet before they retired. We define

variable that indicates whether the individual is outside the labor
arket, i.e., they receive either social benefit or unemployment benefit,
isability pension or other kinds of social payment. We decided to
nclude those receiving a disability pension and other social benefits
ince both the unemployed and those on some types of early pension
ave more time available than working individuals and they often also
ave a low income. The OLM variable is used to control for the effect of
emporary outside the labor market status on the variables of interest,
nd it is also used to identify whether the retirement transition is from
position outside the labor market or from employment. We define

hose that are not retiring from OLM as retiring from work.13

Fig. 1 shows the retired share of the population as a function of age
or those outside the labor market and those employed, respectively.

12 We tested the implication of this definition for the results with a robust-
ess analysis in which we deleted all households that worked some hours
hile receiving their pension and re-estimated the model. See Section 4.3 on

obustness analysis.
13 Those that do not retire from OLM could also be self-sufficient, i.e., living
ff savings or supported by a spouse. However, when we checked their annual
abor market status, we found that the self-sufficient individuals constituted
1% of the observations, which validated the assumption that they had retired
4

rom employment.
Table 1
Operationalization of the official 2013 Danish dietary guidelines into the Healthy Eating
Index (HEI).
Source: The Danish Veterinary and Food Administration: www.altomkost.dk, accessed
November 2020.
Food or nutrient category Official recommendation

Fruit and vegetables Min. 600 g per day, hereof at least 300 g vegetables
Fish Min. 350 g per week
Fiber Min 25–35 g dietary fiber per day
Meat from beef, veal,
lamb or pork

Max 500 g per week

Fat Max. 25–40 pct. of the daily calorie intake
Saturated fats Max. 10 pct. of the daily calorie intake.
Added sugar Max. 10 pct. of the daily calorie intake.
Salt Max 5–6 g daily

Fig. 1(a) shows the share of retired where the definition of OLM
includes all individuals receiving social benefits (def. 1). As those
that receive a disability pension are not eligible for early voluntary
retirement, the share of retired is lower for OLM households com-
pared to employed households up to the old age retirement age. In
Fig. 1(b), only households on unemployment benefit or social benefit
are included in the OLM definition (def. 2). This latter figure supports
the findings of Quaade et al. (2002) and Qvist (2020) that unem-
ployed individuals tend to retire earlier than employed individuals.
In Figs. 2(a) and 2(b), the average number of health-contact days are
plotted as a function of age for the two distinct definitions of OLM. If
those receiving a disability pension or other types of social benefit are
included in the OLM definition, the number of health-contact days is
considerably higher for the OLM group than the employed group. The
number of health-contact days generally increases with age. We use the
broader definition of OLM (def. 1) in the estimations.

3.5. Measurement of dietary healthiness

Similar to Schader and Herrmann (2017), we assess dietary quality
by constructing a Healthy Eating Index (HEI), which is a combined
nutrient and food index (Gil et al., 2015). The HEI indicates how closely
households follow the official Danish dietary guidelines from 2013.14

The guidelines summarized in Table 1 recommend minimum and/or
aximum intake of various nutrients and foods in energy shares and

rams per 10 MJ food consumed per week. The official recommen-
ations also concern water and alcohol consumption and physical
ctivity, which are not quantifiable in the current data set. Each dietary
ecommendation is quantified so that a household receives a score
etween 0 and 1 according to how well it performs regarding each
pecific guideline. A 1 implies that the recommendation is met in a
iven month. Scores are calculated as follows:

𝑐𝑜𝑟𝑒𝑖𝑗,𝑡 =
(𝑠𝑖𝑗,𝑡 − 𝑠𝑖𝑗,0)

(𝑠𝑖𝑗,𝑟𝑒𝑐𝑜𝑚𝑚𝑒𝑛𝑑 − 𝑠𝑖𝑗,0)

Where 𝑠𝑖𝑗,𝑡 is the share or amount of the given food or nutrient 𝑗 at
he time 𝑡 for household 𝑖, 𝑠𝑖𝑗,𝑟𝑒𝑐𝑜𝑚𝑚𝑒𝑛𝑑 is the recommended consumption
nd 𝑠𝑖𝑗,0 is the consumption level that yields a score of zero. Defining
he consumption level for 𝑠𝑖𝑗,0 is based on the 99th percentile of
he consumption for foods and nutrients with adverse health effects
bserved in the data.15 Furthermore, the recommendations concerning

14 New dietary guidelines were published in 2021 after the establishment
of this data set. However, We find it more appropriate to use the dietary
guidelines that were applicable during the period considered in this data set. In
comparison to the 2013 recommendations, the 2021 recommendations include
a greater focus on food groups rather than nutrients and a stronger focus on
limiting the GHG emission from food consumption (Lassen et al., 2020).

15 We chose this approach since it is not possible to have a consumption of,

e.g. 100% added sugar or 100% saturated fat in the diet.

http://www.altomkost.dk
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Fig. 1. Share of population retired as a function of age.
Notes: Outside the labor market (OLM) definition 1 includes those that receive unemployment benefit, social benefit, a disability pension or other types of social support. Outside
the labor market (OLM) definition 2 includes those that receive unemployment benefit, social benefit or other types of social support. The vertical solid lines show the age of
early voluntary retirement (Age 60) and old age retirement (Age 65). The vertical dashed lines show that the minimum age of early voluntary retirement is gradually increasing
at the end of the period (from 2014 and forth). (For interpretation of the references to color in this figure legend, the reader is referred to the web version of this article.)
Fig. 2. Number of monthly health-contact days as a function of age.
Notes: Outside the labor market (OLM) definition 1 includes those that receive unemployment benefit, social benefit, a disability pension or other types of social support. Outside
the labor market (OLM) definition 2 includes those that receive unemployment benefit, social benefit or other types of social support. The vertical solid lines show the age of
early voluntary retirement (Age 60) and old age retirement (Age 65). The vertical dashed lines show that the minimum age of early voluntary retirement is gradually increasing
at the end of the period (from 2014 and forth). (For interpretation of the references to color in this figure legend, the reader is referred to the web version of this article.)
quantities were recalculated to fit the individual household, i.e., the
guidelines for fruit and vegetables for a two adult household equals
1200 g per day, whereas it will be 600 g a day for a single adult
household. The recommendations are also adjusted to the age and
gender recommended energy intake, so that a child that only has a rec-
ommended energy intake of 5MJ per day is only required to consume
half of the recommend intake of, e.g., fruit and vegetables. The linearity
of the health effect of increasing or decreasing the consumption of a
specific food or nutrient is indirectly assumed in the index, which may
be a weakness. In reality, the marginal value of the dietary quality of a
piece of fruit may be greater if the initial consumption is zero compared
to an initial consumption of three pieces. The individual scores are
weighted together using an Euclidean distance measure, the square root
of the summed squared scores for each of the 8 dietary guidelines,
5

yielding an HEI value for each household 𝑖 at month 𝑡.

𝐻𝐸𝐼𝑖𝑡 =

√

√

√

√

√

8
∑

𝑗=1
(𝑠𝑐𝑜𝑟𝑒𝑖𝑡𝑗 )2

The HEI has a minimum value of 0 and a maximum value of 2.83.
The aggregation is without weights, meaning that all dietary guidelines
are considered to be equally important. This may introduce error, but
we apply this neutral approach, since a potentially relevant weighting
of the eight food and nutrient categories is beyond the scope of this
analysis. This implies that the index is a simple average measure of
adherence to the dietary guidelines. The weight neutral aggregation is
similar to methods applied in other indices (see e.g. Gil et al. 2015).
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4. Empirical model and method

In this section, we elaborate on the empirical approach used to iden-
tify the effects of retirement on food purchases under the assumption
of being able to control for relevant covariates which influence the
decision to retire and food purchases. First, we address the identifica-
tion and our baseline model. Next, we discuss specification tests in the
form of varying the independent variables included in the model, as
well as the regression method including a discussion of the similarities
between the results obtained from controlling for covariates and using
IV on a subset of the sample. Finally, we discuss the robustness checks
conducted to check the sensitivity of our results with respect to data
selection and cleaning.

4.1. Main specification

Several issues need to be addressed to estimate the effects of retire-
ment on dietary quality and behavior when observational rather than
experimental data are used. A simple ordinary least square regression
is likely to yield biased estimates as unobserved household effects may
be correlated with both consumption and retirement decisions. We,
therefore, use a fixed effects model (FE) to control for this unobserved
heterogeneity:

𝑦𝑖𝑡 = 𝛽0 + 𝛿1𝑡 + 𝛿2𝑡
2 +

11
∑

𝑘=1
𝛿𝑘𝑠𝑘 + 𝜌1𝑂𝐿𝑀𝑖𝑡 + 𝛾1𝑂𝐿𝑀𝑅𝑒𝑡𝑖𝑡

+ 𝛾3𝑤𝑜𝑟𝑘𝑅𝑒𝑡𝑖𝑡 + 𝛽𝑋𝑖𝑡 + 𝑎𝑖 + 𝑢𝑖𝑡

(1)

Where 𝑦𝑖𝑡 denotes the outcome measures of dietary quality and food
consumption behavior (HEI, energy consumption in MJ per std. person
per month, total food expenditure in DKK per std. person per month,
and efficiency, i.e., DKK paid per kJ purchased). 𝑡 is a monthly time
trend, while 𝑠𝑘 are month dummies accounting for seasonal variation
in food consumption. 𝑎𝑖 is household fixed effects while 𝑢𝑖𝑡 is the
idiosyncratic error term. 𝑂𝐿𝑀𝑖𝑡 is a dummy, which takes the value of 1
when the individual who is mainly responsible for shopping is outside
the labor market, and 0 otherwise. 𝑂𝐿𝑀𝑅𝑒𝑡𝑖𝑡 is a dummy, which
takes the value of 1 when the individual who is mainly responsible for
shopping has retired while not on the labor market, and 0 otherwise.
𝑤𝑜𝑟𝑘𝑅𝑒𝑡𝑖𝑡 is a dummy, which takes the value of 1 when the individual
who is mainly responsible for shopping has retired from employment,
and 0 otherwise. 𝑋𝑖𝑡 contains a range of independent variables, which
are discussed below.

For the HEI, we also estimate:

𝑦𝑖𝑡 = 𝛽0 + 𝛿1𝑡 + 𝛿2𝑡
2 +

11
∑

𝑘=1
𝛿𝑘𝑠𝑘 + 𝜌1𝑂𝐿𝑀𝑖𝑡 + 𝛾1𝑂𝐿𝑀𝑅𝑒𝑡𝑖𝑡

+ 𝛾2𝑂𝐿𝑀𝑅𝑒𝑡𝑖𝑡 ⋅ 𝜏𝑖 + 𝛾3𝑤𝑜𝑟𝑘𝑅𝑒𝑡𝑖𝑡 + 𝛾4𝑤𝑜𝑟𝑘𝑅𝑒𝑡𝑖𝑡 ⋅ 𝜏𝑖 + 𝛽𝑋𝑖𝑡 + 𝑎𝑖 + 𝑢𝑖𝑡

(2)

Where 𝜏𝑖 is the level of the healthiness of the diet before retirement
calculated as the average HEI in the period before retirement. We
conduct one base estimation and additional estimations where we add
these interactions to check for any habitual behavior or heterogeneity
in response across the distribution of dietary quality. This is only
estimated for the model with HEI as the dependent variable.

To obtain an unbiased estimate for the effect of retirement on
dietary healthiness and food consumption behavior, we need to as-
sume that we have controlled for all relevant factors affecting the
retirement decision and the dependent variables simultaneously. In
the fixed effects model, we control for all unobserved time constant
factors such as general state of health, which might affect both the
decision to retire and food consumption. However, time-varying factors
such as sudden changes in health status and income shocks may also
affect both consumption and the retirement decision leading to reverse
6

causality. For example, a sudden deterioration in health may result in
an individual deciding to retire earlier (Gupta and Larsen, 2010), and
it may also influence food consumption patterns. Likewise, a positive
shock to income or wealth such as an inheritance or reaching the end
of mortgage repayments may affect the decision to retire (Brown et al.,
2010) and lead to changed consumption patterns. The potential endo-
geneity arising from such events has been addressed in earlier papers by
using the age eligible for retirement as an instrument (e.g. Allais et al.
2020, Hinnosaar 2018) or a Regression Discontinuity Design (Eibich,
2015). We take a slightly different approach to the instrumental (IV)
method as we can add proxies for both health and wealth shocks. The
current monthly number of health-contact days acts as a proxy of health
status to account for the immediate effect of health on diets. We also
include the number of health-contact days in the past 6 months prior to
the current month to account for the long-term effects of health shocks
on both dietary quality and retirement.
The previous literature has discussed wealth shocks as an unobserved
reason for retirement (Allais et al., 2020; Stephens Jr and Toohey,
2018; Hinnosaar, 2018). We do not have direct access to wealth shock
variables, but we do have wealth related income as part of a total
income variable. Therefore, by including this income variable, we
control for large income shocks from wealth that could cause the
individual to retire and potentially also influence purchase behavior.
Due to the structure of the retirement system in Denmark, which
means that retirement is a long term planning decision, we assume that
retirement decisions are more likely to be influenced by health than by
sudden changes in income or wealth. However, we include income as a
control in the estimations.16 The inclusion of income in the estimations
implies that our main results has to be interpreted as the effect of
increased time and other aspects of retirement on behavior not related
to potential income declines due to retirement. We test the validity
of our approach by adding estimations using an IV approach and
compare this with the results estimated from the main specification.
We discuss the approach briefly in the section on specification below
and in more detail in appendix C and present the results in appendix
D. The results from the specification test without income discussed in
Section 4.2, and the IV approach will contain the effects from both the
potential income decline as well as the effect of increased time and
other aspects of retirement. Approximately one third of the households
consist of singles, whereas the remainder are two-adult households.
Whether the individual who is mainly responsible for shopping has a
partner and whether this partner is retired may have an influence on
the effect of retirement on dietary quality and behavior. Therefore, we
estimate the models separately for couple and single households. In the
estimations using couple households, we include variables describing
the OLM status of the spouse as well as dummies for retirement from
either work or OLM for the spouse. However, we do not interact pre-
retirement level of healthiness of diets (HEI) with the labor-market
status of the spouse since preliminary estimations showed that the main
shopper has the largest effect on household food purchase behavior.
Another argument for this decision is that in most cases the variables
for the labor market status of the spouse are insignificant. As we
consider a reasonable long time-period, unspecified trends in dietary
preferences, e.g., new diets such as the New Nordic Diet or changed
official dietary guidelines may affect general consumption patterns.
Therefore, we include older working households as controls in the
regression (single households in the estimations for singles and couple
households in the estimations for couples). We test the robustness of
the results to the exclusion of the control group. See Section 4.3 for
a discussion of the robustness tests. We control for the age of the
individual who is mainly responsible for shopping using a quadratic
specifications as age is important in terms of the level of physical
activity and appetite regulation and, thereby, calorific requirement.

16 In the specification tests, we repeated the estimations without the income
variable. This is discussed in Section 4.2.
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Table 2
Descriptive statistics of sample used for the estimations (std. errors in italics): Independent variables.

Main shopper Single work Couple work Single OLM Couple OLM

(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12)
Non-
retired

Retired Non-
retired

Retired Non-
retired

Retired Non-
retired

Retired

Before After Before After Before After Before After

No HH’s(1) 268 154 532 224 197 56 236 90

No Observations 5727 6208 8664 11,859 9111 11,948 3854 2057 2455 4429 3787 4532

Age 58.0 60.3 66.4 57.8 60.2 65.9 58.4 61.1 67.2 58.1 60.5 66.6
2.5 2.6 3.1 2.4 2.6 3.0 2.4 2.5 3.0 2.4 2.7 3.6

Female shopper 0.71 0.82 0.80 0.76 0.80 0.79 0.70 0.79 0.84 0.86 0.83 0.80
(Share) 0.46 0.38 0.40 0.43 0.40 0.41 0.46 0.41 0.36 0.35 0.38 0.04
High education 0.31 0.37 0.28 0.25 0.25 0.23 0.15 0.19 0.13 0.19 0.12 0.07
(Share) 0.46 0.48 0.45 0.43 0.43 0.42 0.36 0.39 0.34 0.39 0.33 0.26
Health-contact Days 1.37 0.91 1.53 0.93 0.93 1.15 2.85 2.27 2.18 2.13 1.93 2.12
(Past 6 months) 3.73 2.15 3.55 2.20 2.30 2.50 13.69 4.73 4.43 3.60 4.33 4.50
Spouse Health-contact Days 1.33 1.41 1.50 0.96 1.65 1.50
(Past 6 months) 5.20 4.57 4.47 2.40 5.92 4.23
Household Income 2.56 2.53 2.18 3.32 2.84 2.62 1.93 2.05 1.89 2.57 2.74 2.18
(Annual/std.pers./100.000) 0.81 0.93 0.68 1.96 1.01 1.89 0.62 0.66 0.61 0.91 1.71 0.69
Spouse OLM 0.11 0.06 0.13 0.14 0.10 0.09
(Share) 0.31 0.24 0.33 0.35 0.29 0.28
Spouse Retire 0.06 0.11 0.32 0.10 0.19 0.32
(Share) 0.24 0.32 0.47 0.30 0.39 0.47
Spouse Retire from OLM 0.01 0.02 0.14 0.03 0.05 0.14
(Share) 0.09 0.14 0.34 0.16 0.21 0.35
Lunch home(2) 0.74 0.83 0.92 1.56 1.64 1.83 0.83 0.86 0.86 1.67 1.60 1.81
(Number of adults) 0.44 0.38 0.28 0.65 0.61 0.50 0.38 0.34 0.35 0.59 0.64 0.48
Cook at home(3) 0.86 0.90 0.94 0.9 0.93 0.95
(share of HH’s) 0.35 0.30 0.24 0.30 0.25 0.22
Exercise(4) 9.27 9.21 9.04 9.32 9.32 9.78 7.99 7.36 7.13 8.60 9.40 8.72
(Avg. hours per week) 10.54 8.69 7.72 10.67 9.19 9.25 9.02 6.58 6.36 10.17 11.32 11.87

Notes: (1) Some of the households change from OLM to working or from couple to single status and thereby count twice in the summary statistics. Therefore the number of
un-retired households is higher (by 145 hh’s) than the total number of households in the sample. (2) The average number of adults in the household that eat lunch at home or
eat a homemade lunchbox (measured annually) (3) The share of households that cook at home at least 5 days a week (annual measure). Not available for singles (4) Average
weekly hours of exercise of the individual who is mainly responsible for shopping includes biking to work, garden work and sports, etc. (annual measure).
This is important since our control groups are slightly younger than
the treatment groups.17 Standard errors are adjusted for clustering at
the level of the households (Abadie et al., 2017).

4.2. Specification test

We conduct a range of specification tests on the main model. These
include: (a) estimating the model without income and income squared,
(b) estimating the model without age and age squared, (c) estimating
the model without the three variables eating lunch at home or eating
homemade lunchboxes, cooking dinner at home and the average hours
of exercise for the individual who is mainly responsible for shopping
and finally, (d) estimating the model with the official retirement age
as an instrument. The income variables are added to the main spec-
ification to control for the effect of unanticipated changes in income
that may have a simultaneous effect on diets and dietary behavior and
the decision to retire. However, including income will also absorb the
effect of a potential retirement related decrease in income on diets and
dietary behavior. In specification test (a) in which we remove income,
we check whether income changes influence the outcome variables. In
the second specification test (b), we re-estimate the model without the
age variables. This is mainly to test whether the trend combined with
household fixed effects captures the effects of age. Finally, the variables
accounting for eating lunch at home or homemade lunchboxes, cooking
dinner at home and the level of exercise of the individual who is
mainly responsible for shopping are imperfect measures. We therefor
re-estimate the model without these variables to check to what extent
the results are robust to the exclusion of these variables. The results
of the specification tests are presented in appendix A. F- tests for the

17 In the specification tests, we repeated the estimations without the age
ariable. This is discussed in Section 4.2.
7

joint significance of the income, age and lunch at home and exercise
variables are presented in appendix E.

In the main specification we use the number of health contact days
and the income variables as proxies. If these variables do not correctly
capture sudden changes in health and in wealth shocks the model
will be estimated with a bias, and we will not be able to capture
the causal effect of retirement on consumption behavior. We therefor
also performed IV estimations with the official age of retirement as
an instrument and compare the results from this estimation with the
results from the main specification.

In the estimations for single households, we have two potentially
endogenous variables, retirement from work and retirement from OLM,
while in the estimations for couple households, we have four endoge-
nous variables. In the preliminary IV estimations, we used the official
age of retirement and the official cohort-specific voluntary early retire-
ment age of the main income shopper and the spouse as instruments. As
we had just as many instruments as endogenous variables, the model
was identified. However, tests of instruments show that the model was
weakly and under-identified. We, therefore, split each regression into
retirement from work and retirement from OLM and ended up only
using eligible for old age retirement as instruments. The effects are,
therefore, not directly comparable to the main tables as we only obtain
the Local Average Treatment Effect (LATE) for those that retire at the
official age of retirement. However, we re-estimated the FE model on
a comparable sample. The FE and FE-IV results are similar in these
specifications as shown in appendix D, so we assume that our FE
approach suffers from minimal bias and only report the FE results in
the main paper. A detailed discussion of our IV approach is presented
in appendix C and the results are available in appendix D.

4.3. Robustness tests

We performed several robustness checks to ensure that our results

are robust to choices made during data cleaning; (a) We removed all
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Table 3
Descriptive statistics of sample used for the estimations (std. errors in italics): Dependent variables.

Main shopper Single work Couple work Single OLM Couple OLM

(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12)
Non-
retired

Retired Non-
retired

Retired Non-
retired

Retired Non-
retired

Retired

Before After Before After Before After Before After

No HH’s(1) 268 154 532 224 197 56 236 90

No Observations 5727 6208 8664 11,859 9111 11,948 3854 2057 2455 4429 3787 4532

Food Expenditure 1414 1488 1604 1098 1080 1243 1296 1389 1388 964 1168 1116
(DKK/month/std.pers.) 785 788 863 588 523 626 739 672 754 581 591 540
HEI 2.2 2.29 2.3 2.13 2.17 2.2 2.19 2.29 2.25 2.09 2.16 2.16

0.24 0.23 0.24 0.22 0.23 0.22 0.24 0.25 0.29 0.23 0.25 0.24
Energy 301 331 362 249 276 306 314 320 321 256 295 297
(MJ/month/std.pers.) 173 153 171 123 119 126 187 173 163 156 137 130

Notes: (1) Some of the households change from OLM to working or from couple to single status and thereby count twice in the summary statistics. Therefore the number of
un-retired households is higher (by 145 hh’s) than the total number of households in the sample.
months that had been adjusted for one or more missing weeks and re-
estimated the model; (b) We removed all households that continued
to work after retirement and re-estimated the model; (c) We deleted
households that changed civil status during the observation period and
re-estimated the model, and finally (d) We re-estimated the model
without a control group. The results of these robustness tests are
presented in appendix B.

5. Results

5.1. Descriptive statistics

Tables 2 and 3 presents descriptive statistics for the independent
and dependent variables respectively split into single and couple house-
holds, control and treatment groups. Individuals from groups (1) and
(7) are in the control group for the single regression. Individuals from
group (4) and (10) are in the control group for the couple regression.
Groups (2)-(3), (5)-(6), (8)-(9) and (11)-(12) show the statistics of the
households that retired while we were observing them, before and after
retirement.18 They are split according to partner status and according
o whether the retirement transition is from OLM or employment.
he tables show that for singles and couples, retirement from work
from 2 to 3 and from 5 to 6) seems to lead to an increase in energy
onsumed and food expenditure while income decreases slightly and
ealth-contact days increase slightly. This also applies to the share of
ousehold members who eat lunch at home. Energy consumed and
ood expenditure remain unchanged at retirement for those that enter
etirement from OLM (from 8 to 9 and from 11 to 12). The share of
dults eating lunch at home and the number of health-contact days
lso remains fairly unchanged while income and the level of exercise
eem to decrease. Households in which the main shopper retire from
LM tend to have lower post-retirement income compared to those

hat retire from work and are also lower educated and have a higher
umber of health contact days. Comparing the control and retirement
roups, we find two systematic differences. The main shopper in the
etirement groups is slightly older also before retirement and the share
f spouses that are retired is also slightly higher. We control for both
f these variables directly in the estimations.

.2. Estimation results for single households

Table 4 shows the results of the estimations with single households.
e find a significant increase in the HEI at retirement from work

18 Households can, in principle, belong to more than one group: E.g. the
ame household can be observed as both single and couple and will, there-
ore, enter in the respective periods when the main shopping responsible is
ingle/couple. The same may apply for non-retired households, which can be
bserved as both working and outside the labor market.
8

(panel 1) and a positive but insignificant increase when retiring from
OLM. This result is stable across specification and robustness tests
(Table A.1 and B.1 in appendix A and B). The only robustness test which
shows a different result from the main specification is the one that
deletes households where the main shopper still has some paid work.
Deleting households with paid work increases the effect of retirement
on HEI. This suggests that the result in the main specification is
underestimated.

In panel 2, the retirement is interacted with pre-retirement level
of HEI in a 25:50:25 split across the entire sample of retiring house-
holds.19 HEI1 represents the 25% of the households that had the least
healthy diet before they retired (reference group), HEI3 the 25% of
the households with the most healthy diets before retirement and
HEI2 the remaining 50% in the middle. What is noticeable is that the
positive effect of retirement on HEI decreases with pre-retirement HEI
levels. For those who retire from employment, those with 25% poorest
dietary health pre-retirement exhibit an increase of 0.078, the 50% in
the middle exhibit an increase of (0.0784–0.0486) 0.030 and there is
almost no change for the 25% healthiest, 0.006. For retirement from
OLM, the 25% with the highest dietary quality pre-retirement even
experience a decrease in dietary quality. While it is interesting that
the dietary quality of the lowest percentile increases significantly, we
note that the lack of an effect for higher percentiles may be due to
mechanical reasons as the HEI has a fixed upper level. We find that
eating lunch at home and a temporary OLM status increases the HEI.
The number of health contact days has a positive correlation with
the HEI, income increases the HEI but at a decreasing rate. The level
of significance varies slightly for these variables across specifications
and robustness tests, but the size of the coefficients is stable.20 Panel
3 and panel 4 show the estimations with log expenditure and log
energy as the dependent variables. The effect of retirement both from
employment and from OLM on food expenditure is insignificant. The
size and sign of the coefficients are remarkably similar across all
specification and robustness tests (Table A.2 and B.2 in appendix A
and B). Temporary OLM is likewise insignificant. Eating lunch at home
has an expected positive and significant effect, while current number of
health contact days has a negative effect, albeit marginally significant.
In contrast, if we consider the effect of retirement from work on energy
consumption, we find a positive and significant effect when retiring
from employment, and an insignificant effect when retiring from OLM.
Again, we find consistent results across specification and robustness
analysis (Table A.3 and B.3 in appendix A and B). The most notable
difference across the robustness checks is that when those working

19 We also tried a 33:33:33 split, which resulted in the main conclusions
being unchanged.

20 As we did not conduct the IV on the same specification of the model
and exactly the same sample, we discuss the results of the IV estimation in
appendix C where we also discuss our IV method in detail.
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Table 4
Estimation results for single households. Dependent variable HEI, Log expenditure (DKK/std.pers./month), Log energy (MJ/std.pers./month) and efficiency (Log DKK/kJ).

(1) HEI (2) HEI split (3) Log expenditure (4) Log energy (5) Log efficiency

Coef. Std. Err. P> |𝑡| Coef. Std. Err. P> |𝑡| Coef. Std. Err. P> |𝑡| Coef. Std. Err. P> |𝑡| Coef. Std. Err. P> |𝑡|

Retire 0.0240 0.0100 0.0166 0.0784 0.0148 0.0000 0.0244 0.0217 0.2621 0.0668 0.0213 0.0018 −0.0425 0.0128 0.0009
Retire OLM 0.0182 0.0189 0.3361 0.0673 0.0299 0.0250 −0.0275 0.0450 0.5411 0.0104 0.0436 0.8110 −0.0380 0.0292 0.1945
Ret.*HEI2(1) −0.0486 0.0193 0.0120
Ret.*HEI3 −0.0729 0.0175 0.0000
Ret. OLM*HEI2 −0.0125 0.0372 0.7370
Ret. OLM*HEI3 −0.0936 0.0381 0.0140
Trend 0.0009 0.0005 0.0678 0.0009 0.0005 0.0740 0.0026 0.0011 0.0232 0.0013 0.0012 0.2656 0.0013 0.0007 0.0835
Trend Squared 0.0000 0.0000 0.0015 0.0000 0.0000 0.0020 0.0000 0.0000 0.2649 0.0000 0.0000 0.6836 0.0000 0.0000 0.0051
Jan 0.0324 0.0060 0.0000 0.0324 0.0059 0.0000 −0.2904 0.0148 0.0000 −0.2865 0.0152 0.0000 −0.0039 0.0080 0.6253
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
HC days curr.(2) −0.0003 0.0016 0.8417 −0.0003 0.0016 0.8460 −0.0053 0.0029 0.0694 −0.0087 0.0037 0.0179 0.0034 0.0017 0.0391
HC days 6 mo.(3) 0.0009 0.0004 0.0151 0.0009 0.0004 0.0150 0.0004 0.0007 0.5349 0.0016 0.0008 0.0414 −0.0011 0.0006 0.0874
Age −0.0007 0.0213 0.9738 −0.0001 0.0208 0.9950 0.0129 0.0458 0.7777 0.0478 0.0453 0.2922 −0.0349 0.0258 0.1765
Age Squared 0.0000 0.0002 0.8602 0.0000 0.0002 0.8350 −0.0002 0.0004 0.5530 −0.0006 0.0004 0.1120 0.0003 0.0002 0.0764
Income 0.0270 0.0119 0.0230 0.0294 0.0113 0.0090 −0.0100 0.0297 0.7367 −0.0213 0.0248 0.3894 0.0113 0.0179 0.5267
Income Squared −0.0043 0.0012 0.0005 −0.0044 0.0012 0.0000 0.0000 0.0035 0.9907 −0.0006 0.0028 0.8199 0.0006 0.0020 0.7683
OLM 0.0198 0.0107 0.0647 0.0226 0.0109 0.0390 0.0019 0.0312 0.9516 0.0434 0.0316 0.1704 −0.0415 0.0202 0.0405
Lunch Home 0.0246 0.0096 0.0109 0.0226 0.0096 0.0190 0.0449 0.0215 0.0367 0.0631 0.0225 0.0053 −0.0182 0.0129 0.1608
Exercise −0.0005 0.0015 0.7437 −0.0004 0.0014 0.7840 0.0025 0.0029 0.3951 0.0035 0.0031 0.2660 −0.0010 0.0019 0.5878

Observations 26,841 26,841 26,841 26,841 26,841
R-squared 0.48 0.48 0.65 0.57 0.68

Notes: All std. errors are cluster robust standard errors.(1) Ret. is an abbreviation of retirement. (2) HC days curr is an abbreviation of Health Contact days the current month. (3)
HC 6 mo. is an abbreviation of Health Contact Days during the last 6 months. Estimations are based on 639 households.
after retirement are removed, the coefficient on retirement from work
decreases and becomes insignificant in the energy regression. We do
not have any explanation for this except that it may be due to non-
systematic variation in the sample as the number of households and
observations decrease when we remove some households from the
sample. Another feature that supports this assumption is that we do
not find the same in the estimations for more adult households, which
is discussed in the next section.

When we consider the effect of temporary OLM on the amount of en-
ergy purchased, we find a positive but not significant effect (However,
the effect is marginally significant for some alternative specifications
shown in Table A.3 and B.3 in appendix A and B). This may explain the
lack of a significant effect when we consider retiring from OLM, i.e, it
is not the act of retirement itself that increases the amount of energy
purchased, but the fact that the individual is not working. Eating lunch
at home leads to an increase in energy while current health contact
days lead to a decrease. The combined effect of no significant change
in monthly food expenditure at retirement and an increase in energy
consumed at retirement implies an increase in efficiency at retirement
from work, i.e., less money is paid for the same amount of energy
purchased (panel 5). This is insignificant for retirement from OLM.
However, temporary OLM leads to a decrease in the money paid for
the energy consumed, which may explain why no significant decrease is
seen when retiring from OLM using the same argumentation as above.

5.3. Estimation results for households with more adults

In Table 5, we show the same estimations for households with more
than one adult. The effect of the main shopper’s retirement from both
employment and OLM on the HEI (panel 1) is now insignificant and
smaller than it was for singles. Retirement of the spouse is likewise
insignificant. These results are consistent across specifications and ro-
bustness tests (Tables A.4 and B.4 in appendix A and B). In contrast,
the temporary OLM for both the individual who is mainly responsible
for shopping and spouse appears to have a positive and, in most
specifications and robustness tests, significant effect on the healthiness
of diets. In contrast to the results for single households, eating lunch at
home does not seem to affect the HEI in a positive direction whereas
the amount of exercise seems to have a positive effect. The lack of
significance in the effect on HEI of retirement may be explained by
9

the fact that it is mainly those with the unhealthiest diets that exhibit
an improvement in the HEI at retirement, which can be seen by the
positive and significant coefficient of retirement in panel 2, where we
introduce the level split between HEI and retirement. Those with the
lowest HEI level pre-retirment has an improvement of 0,0423. Those
with medium pre-retirement level of HEI exhibit a small increase in
HEI (0.043–0.0379 = 0.005) whereas those with the healthiest diets
experience a decrease. These results are similar to those for singles. In
panel 3, we present the results with log expenditure as the dependent
variable. The retirement of the individual who is mainly responsible
for shopping leads to an increase in food expenditure of about 5%
while the retirement of the spouse has no significant effect on food
expenditure. The effect of retirement from OLM is insignificant but
marginally larger in magnitude compared to retirement from work. The
conclusions are stable across specification and robustness tests (Table
A.5 and B.5 in appendix A and B). Temporary OLM for the individual
who is mainly responsible for shopping leads to a significant increase in
food expenditure. Both eating lunch at home and cooking at home have
a positive but largely insignificant effect while the amount of exercise
is negatively correlated with food expenditure. Current health contact
days have a negative effect. When we consider the results for energy
purchase, we see that they, to a large extent, mirror the results for log
food expenditure. When the individual who is mainly responsible for
shopping leaves for temporary OLM or for retirement, we observe an
increase in energy purchased, a result that is stable across specification
and robustness results (Tables A.6 and B.6 in appendix A and B). The
retirement or temporary OLM for the spouse have no significant effect.
Eating lunch at home has a positive and significant effect, cooking at
home has a positive and marginally significant effect while exercise,
surprisingly, has a negative and significant effect. The joint increase
in expenditure and energy purchased results in an insignificant effect
of retirement on efficiency (panel 5). The exception to this is that
households that eat lunch at home reduce the amount paid for their
energy while those with a high level of exercise pay more. There
is a negative but non-significant effect of retirement on efficiency in
general. Retirement of the spouse from OLM has the largest effect of
3.7%, although this is only significant at the 10% level. Eating lunch
at home is associated with greater efficiency while more exercise is
associated with lower efficiency.

6. Discussion and policy implications

In this paper, we revisit the retirement consumption puzzle by

exploring whether retirement leads to a decrease in food expenditure.
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Table 5
Estimation results for couple households. Dependent variables: HEI, Log expenditure (DKK/std. pers./month), Log energy (MJ/std.pers./month) and Log efficiency (Log DKK/kJ).

(1) HEI (2) HEI (split) (3) Log expenditure (4) Log energy (5) Log efficiency

Coef. Std. Err. P> |𝑡| Coef. Std. Err. P> |𝑡| Coef. Std. Err. P> |𝑡| Coef. Std. Err. P> |𝑡| Coef. Std. Err. P> |𝑡|

Retire 0.0105 0.0079 0.1870 0.0423 0.0129 0.0010 0.0512 0.0170 0.0030 0.0559 0.0174 0.0010 −0.0047 0.0097 0.6250
Retire OLM 0.0104 0.0139 0.4550 0.0283 0.0179 0.1150 0.0621 0.0363 0.0870 0.0750 0.0377 0.0470 −0.0129 0.0190 0.4970
Spouse Retire 0.0120 0.0098 0.2220 0.0122 0.0099 0.2170 −0.0044 0.0179 0.8050 0.0012 0.0186 0.9480 −0.0057 0.0107 0.5960
Spouse Ret. OLM(1) 0.0098 0.0149 0.5100 0.0085 0.0138 0.5390 −0.0316 0.0333 0.3420 0.0057 0.0281 0.8400 −0.0373 0.0193 0.0540
Ret.*HEI2 −0.0379 0.0160 0.0180
Ret.*HEI3 −0.0669 0.0164 0.0000
Ret. OLM*HEI2 −0.0157 0.0237 0.5080
Ret. OLM*HEI3 −0.0482 0.0239 0.0440
Trend −0.0006 0.0004 0.1000 −0.0005 0.0004 0.1580 0.0014 0.0011 0.2170 −0.0002 0.0010 0.8540 0.0015 0.0005 0.0010
Trend Squared 0.0000 0.0000 0.6700 0.0000 0.0000 0.4800 0.0000 0.0000 0.0050 0.0000 0.0000 0.3510 0.0000 0.0000 0.0000
Jan 0.0633 0.0050 0.0000 0.0632 0.0050 0.0000 −0.3025 0.0107 0.0000 −0.3018 0.0107 0.0000 −0.0007 0.0056 0.9010
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0.0049 0.4950
HC days curr.(2) 0.0002 0.0008 0.7700 0.0002 0.0008 0.7960 −0.0119 0.0018 0.0000 −0.0131 0.0018 0.0000 0.0012 0.0008 0.1170
HC days 6 mo.(2) −0.0004 0.0003 0.1540 −0.0004 0.0003 0.1670 0.0001 0.0006 0.8890 −0.0008 0.0007 0.2470 0.0009 0.0003 0.0020
Age 0.0280 0.0143 0.0520 0.0236 0.0140 0.0930 0.0544 0.0387 0.1600 0.0805 0.0353 0.0230 −0.0262 0.0179 0.1440
Age Squared −0.0002 0.0001 0.0780 −0.0001 0.0001 0.1360 −0.0004 0.0003 0.1750 −0.0006 0.0002 0.0170 0.0002 0.0001 0.0890
Income −0.0041 0.0041 0.3190 −0.0036 0.0041 0.3750 −0.0008 0.0095 0.9340 −0.0115 0.0106 0.2770 0.0107 0.0062 0.0850
Income Sq. 0.0001 0.0001 0.2520 0.0001 0.0001 0.3200 0.0000 0.0002 0.9740 0.0002 0.0002 0.3100 −0.0002 0.0001 0.0900
OLM 0.0178 0.0110 0.1050 0.0158 0.0111 0.1540 0.0884 0.0269 0.0010 0.1051 0.0276 0.0000 −0.0167 0.0139 0.2280
Spouse OLM 0.0199 0.0069 0.0040 0.0213 0.0067 0.0010 0.0191 0.0191 0.3160 0.0284 0.0180 0.1150 −0.0093 0.0112 0.4050
Cooks 0.0073 0.0089 0.4110 0.0049 0.0085 0.5610 0.0300 0.0193 0.1200 0.0310 0.0191 0.1060 −0.0010 0.0096 0.9210
Lunch Home 0.0064 0.0044 0.1470 0.0070 0.0042 0.1000 0.0169 0.0112 0.1310 0.0313 0.0110 0.0040 −0.0144 0.0052 0.0060
Exercise 0.0019 0.0002 0.0000 0.0019 0.0002 0.0000 −0.0045 0.0016 0.0050 −0.0060 0.0021 0.0040 0.0015 0.0006 0.0140

Observations 42,858 42,858 42,858 42,858 42,858
R-squared 0.43 0.43 0.65 0.59 0.67

Notes: All std. errors are cluster robust standard errors.(1) Ret. is an abbreviation of retirement. (2) HC days curr is an abbreviation of Health Contact days the current month. (3)
HC 6 mo. is an abbreviation of Health Contact Days during the last 6 months. Estimations are based on 1044 households.
As we control for income in some of the estimations, the results from
these estimations address if the increased time available, at the point
of retirement, can explain the decline in food expenditure. However,
as we also estimate models without the income variables and models
using an IV approach for comparison, these will directly test for the
retirement (food) consumption puzzle.

We also explore whether retirement leads to a healthier diet and
higher efficiency of food purchases. Our focus is on the phenomenon in
a welfare state context and on heterogenity. Furthermore, the strength
of the current paper is that we have detailed data on the exact date
of retirement and background characteristics. Additionally, we explore
the heterogeneity in the effect of retirement on food consumption and
purchase behavior since we are able to distinguish between retirement
from employment and from a position outside the labor market. We
start by summarizing and discussing our main results focusing first on
the effect on healthiness of diets and secondly on food expenditure, en-
ergy consumed and the efficiency of food purchases. We also compare
our results with those from the literature. We discuss the limitations
of the current study and finally conclude and reflect on the policy
implications of our findings.

6.1. Summary and discussion of main results

We find that the effect of retirement on the healthiness of diets
is greater for single households compared to couples regardless of
whether they retire from OLM or employment. This indicates that the
presence of a spouse may influence the adaption to retirement since
more people in the household are involved in the dietary decisions.
The difference between singles’ and couples’ responses to retirement
has also been found by Lundberg et al. (2003). However, we note
that the retirement of the spouse does not significantly influence the
healthiness of the diet and it thus seems that it is the retirement of the
main shopper that has the greatest influence on household behavior.
It should be noted that in the majority of the households, the main
shopper is a female. In this age group, it is common that females are
responsible for cooking, even in cases where the male spouse is retired.
This may explain why we find that the retirement of the spouse has an
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insignificant effect.
We also find slightly greater effects of retirement on the healthiness
of diets for those retiring from work than from outside the labor market.
This is not surprising since retiring from employment is associated
with a more drastic change in lifestyle, e.g., more time available for
home production including shopping for food items and cooking at
home (Atalay et al., 2020) than retiring from a position outside the
labor market. We observe that fewer main shoppers retire from OLM
compared to employment, which may explain the lack of significance
of the results. We find that retirement leads to a healthier diet, espe-
cially for those that have the least healthy diets in the period before
retirement. The lack of improvement for those with the 25% healthiest
diet could be explained by an upper limit for the possible improvements
in dietary healthiness when measured with the HEI, so there will be
less room for improvement. The fact that unemployment of the main
shopper leads to a healthier diet supports the hypothesis that extra
time available for cooking and home-production lead to healthier diets.
While HEI increases upon retirement, the magnitude is small. The
change in HEI ranges from 0.0098–0.024 on a scale from 0 to 2.83.

The finding of increasing dietary quality at the point of retirement
is in line with the results of Hinnosaar (2018), who finds an increase
in fruit and vegetable consumption in the US,21 but our finding is not
in line with the studies that find that retirement has a negative effect
using Chinese and cross-country data (Chen et al., 2017; Celidoni et al.,
2020). There may be several explanations for the difference in findings:
First, dietary quality is measured differently across studies, either as
intake of fruit and vegetables or as indices based on official dietary
guidelines. For example, the index used by Chen et al. (2017) includes
an increased intake of grains and rice, which we have not included

21 We have re-estimated out models using the amount of fruit and vegetables
as the dependent variable. The results show that retirement from work leads to
an increased consumption at 818 grams per months per std. pers. for singles,
while retirement from OLM has an insignificant effect. For couples retirement
from work and from retirement leads to an increase in fruit and vegetable
consumption at 436 and 1121 grams per std. pers. per months respectively.
The results of these estimations are presented in Tables F.1 and F.2 in appendix

F.



Food Policy 112 (2022) 102330S. Smed et al.
in the index used in this paper. Another reason for the difference in
findings may be due to the institutional setting of retirement across
countries, which we discuss below. In sum, our results suggest that
the retirement transition overall is associated with minor but positive
changes in dietary quality.

We find that food expenditure in single households is not affected
by retirement while there is an increase when the main shopper retires
for multiple adult households regardless of the path into retirement.
We do not have a validated explanation for this difference, but a
speculative explanation could be that both before and after retirement,
average equalized disposable income is larger for couples than it is
for singles, which may imply that there is more money available for
food consumption. These results are consistent across specification and
robustness tests and are also found in the estimations using instruments.
We find an increase in the amount of energy consumed when retiring
from work for both singles and couples, and also when retiring from a
position outside the labor market for couples. The results from models
estimated using more adults households are more complex to interpret
since they also reflect interactions between household members. When
we combine the results for food expenditure and energy purchased
in the estimations considering efficiency, we find that singles pay
4% less per kJ post retirement, as do single individuals outside the
labor market. We do not find the same for couples. A better economic
situation does not appear to be the explanation since all results are
robust regardless of whether income is included in the estimations.

Increased efficiency of food purchase behavior may reflect the
fact that the retired individual has more time to shop for bargains
or has shifted from expensive to cheaper brands or from upper end
convenience stores to discount stores, implying that this need not be
translated into a decrease in food quality. This is supported by the fact
that we find an increase in the healthiness of diets and is in line with
the findings in the literature that home production increases at the time
of retirement (Atalay et al., 2020), i.e., more time is spent on shopping
and cooking. A more detailed analysis of the changes in product and
store choice at the point of retirement would be an interesting route
for further research.

Overall, we find no evidence of a retirement (food) consumption
puzzle as we find either unchanged or even increasing food expenditure
upon retirement. As mentioned earlier, when we include income as a
proxy for wealth shocks in the model we address if the increased time
available, at the point of retirement, affects food expenditure. However,
as the income variables are jointly insignificant in the model estimating
the effect of retirement on food expenditure and we find comparable
results in models without the income variables and models using an IV
approach for comparison, we are rather confident in our results.

Several studies have found that food expenditures decrease upon
retirement (Aguiar and Hurst, 2005; Aguila et al., 2011; José Luengo-
Prado and Sevilla, 2013), although most studies that split expenditure
into food at home and eating out find a smaller decrease or even no
effect on food at home (Chen et al., 2017; José Luengo-Prado and
Sevilla, 2013; Miniaci et al., 2010). In the present study, we only
consider food consumed at home, but we use proxies for the amount
of food consumed at work and outside the home, which controls for
potential substitution from outside to inside the home food consump-
tion. Another study from France that also uses Home Scan data finds
that food at home expenditure and the quantity of food bought drop
by 26–29 percent upon retirement (Allais et al., 2020). However, the
authors note that their estimates are larger than other countries, which
may be because French households spend more money on food than
households in other countries. The magnitude of our results are far
smaller as the largest increase in expenditure is between 5%–6%. (Chen
et al., 2017) find no effect on food at home expenditure and energy
intake in China. A plausible explanation for not finding support for the
retirement (food) consumption puzzle in our results may be that income
replacement rates are high in Denmark compared to other countries
with extra payment in terms of support for rent and medical expenses
for low income households (OECD, 2019). For example, Chen et al.
report an income decline of 52% whereas we observe a decline in
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disposable income of between 8 to 21 % upon retirement.
6.2. Limitations

Our study is not without its limitations. A major limitation of this
study is that we use Home Scan data as reporting is voluntary. Retire-
ment may mean that consumers report more frequently as they have
more time available than before retirement. Since we adjust for missing
weeks, we adjust when households were missing more weeks before
retirement, and hence we limited the potential effect of increased
reporting. This correction is not adequate if the households are equally
good at sending in weekly reports before and after retirement but report
a larger share of purchased items after retirement. However, our results
are robust to the deletion of households where we adjust for missing
weeks. Another caveat is that we do not have perfect controls for
the number of meals eaten at home to control for substitution from
food eaten outside the home to home consumption upon retirement
since our proxies are measured on an annual basis. When we add the
controls, they have the expected signs and are significant in many
cases. Hence, we expect them to capture the most important variation.
Adding these controls implies that we can minimize the degree to which
our results are driven by substitution from outside to inside the home
consumption. We expect our results to be valid in terms of examining
the consumption puzzle for food at home expenditure, but they should
be used with caution when interpreting how total food expenditure
changes upon retirement. Second, we use public pension transfers to
define retirement, which has the benefits of being based on high-quality
data and being closely related to retirement behavior and withdrawing
from the labor market. However, it has the disadvantage that indi-
viduals can still have some labor market attachments while receiving
transfers. Individuals who receive pension transfers and work may be
doing so to smooth consumption over time, which may explain why
we find no negative effect of retirement on expenditure. We consider
this to be of minor importance since there is a limit on the income that
can be earned while receiving pension payments, and we demonstrate
that removing households in which the main shopper still works after
retirement has a negligible influence on our results. Our identification
strategy lies in the selection of observables and the fact that we have no
unobserved time-variant factors that influence the retirement decision
or food purchase behavior. Previous literature has pointed to health
and wealth as potentially important unobserved time-varying factors.
We add controls to proxy for health status and wealth income to
account for this. As a robustness check, we instrument retirement by
the ages eligible for pension transfers. The IV model using eligibility
for early voluntary retirement and eligibility for old age retirement
was weakly identified. Therefore, we split the sample and only rely
on eligibility for old age retirement as an instrument. Comparing these
results with FE results of the effect of old age retirement exhibited
small differences between FE and FE-IV. We, therefore, assume that
bias issues in the FE results are of minor concern. Finally, our data
describe household dietary behavior, not how the individuals within
the household behave. The results for singles can be interpreted directly
as a change in individual behavior related to retirement while the
results we find for couple households are more blurred as they reflect
the behavior of the retired individual in relation to another individual
who may or may not be retired. Further analysis of the complexity
around the change in dietary behavior upon retirement for households
with more adults would be an interesting route for future research.

6.3. Conclusion and policy implications

In the current research, we do not find any evidence to support a
retirement (food) consumption puzzle as we find no decline in food
expenditure upon retirement and find unchanged or an increase in the
amount of energy consumed. We find smaller changes in adaption to
retirement when retirement is from OLM in single households. The
effects of the pathway are mixed for couple households. To some extent,

we confirm greater efficiency of food purchase behavior for singles.
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However, despite the fact that no decline in the healthiness of diets
is observed to any degree upon retirement, regardless of whether this
is from a position at or outside the labor market, it is still important
to focus on the dietary health of the elderly. The average HEI value
among the households in the sample is quite a long way below the
maximum value, which leaves considerable room for improvement. We
find that those retiring from employment exhibit an increase in the
healthiness of diets; hence, the political focus should be on the older
population in general, not strictly focused on the retired. We find that
older individuals outside the labor market have more health contact
days and lower income before and after retirement. Despite that, we
also find an increase in the healthiness of diets upon retirement for
this group, they have a lower healthiness of diets both before and after
retirement compared to other groups. Therefore, the focus of dietary
policy should be on this group. Another policy relevant finding from the
current research is the lack of economic importance in food purchase
behavior. This implies that policymakers in Denmark do not need to
implement economic support to subsidize healthier eating at the time
of retirement, but they should focus more on older individuals outside
the labor market both before and after retirement. Compensating the
lower-income households by higher income-replacement rates than
high-income households could be implemented in other countries to
mitigate the reductions in food expenditure and potential decreases in
dietary quality.
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