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Abstract:

Understanding how demand for prescription drugpareds to changes in income is important
for assessing the welfare consequences of reforffiestiag income. This becomes more

imminent as age progresses, because the use ofipties drugs and the associated budgetary
burden increases dramatically from about age 53hik paper we estimate how demand for
prescription drugs varies with income for a sangflaear retirement individuals. Estimating the

prescription drug demand response to income chaisgesmplicated because an important
explanatory variable, the health capital, is unoles# and because demand is potentially
dynamic, for example because some drugs are habita analysis is based on a novel panel
data set with information about purchase of presiom drug demand for a very large number of
Danish individuals over the period 1995-2003. Owafg@rred model that takes into account the
aforementioned complications performs better iresernal validation test than models that can
be estimated on cross section data. Results imdtbat demand does respond to variations in

income and that reforms affecting income therewateaffect the use of prescription drugs.
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1. Introduction

There is great interest in knowing if the demanddeescription drugs responds to changes in
people’s incomes. This is because such elastiatieselevant for the design of policies aiming
at improving the health status. For example, Deatoth Paxson (1998) show that income is
correlated with self reported health. Little is kmoabout the causes of this link, but it may be
related to different patterns of drug expenditudéghis is the case, then reforms affecting
income may also affect the health through drug Mgeover, knowing the income elasticity of

demand for prescription drugs is important for assey welfare effects of tax reforms and other

reforms affecting disposable income.

The objective of the paper is to estimate how dehfan prescription drugs varies with income
for a sample of near retirement individuals. Theuis on near retirement individuals because
demand for prescription drugs increases dramafit@m around age 55 and because this group
experiences considerable income variations arobagoint of retirement. In contrast, younger
people also experience considerable income vanmtimt have low drug demand. Few have
previously worked on this topic. Moran and Simo@Q@) estimate how the demand for different
types of prescription medications varies with ineoi@n a cross section of retirees they compare
people that have different social security paymesalely because they were born in different
years. They find that an increase in Social Secimtome by US$ 1,000 increases the number
of prescription medications used by 0.55 per momttan et al. (2002 and 2005) analyze senior
and non-senior prescription drug demand and inyatgti the redistributive effects of a large
scale prescription drug program. They do this (agnotier things) by estimating Engle curves
on the Canadian Family Expenditure Survey congstof repeated cross sections and
investigating how Engel curve relationships diffetween periods where the subsidy program is

in operation and other periods where it is not.

Estimating how prescription drug demand respondsicome variations is complicated by the
fact that demand for drugs is likely to be relatedthe health capital which is generally
unobserved and can often at best only be proxiemhddyding measures of self-reported health
when analyzing cross section data. Controllingealth capital is important because the level of
health capital tends to be related to marginal petdity so that individuals with a higher level

of health capital also have a higher level of humapital. Therefore, comparing demand of



individuals with high income with that of individisawith low income in order to estimate Engle
curves is likely to (also) reflect selection effedloreover, the use of prescription drugs is Yikel
to be endogenous to the extent that consuming dragsoves health and thereby earnings
capacity and income. Another issue relates to fimamhic aspects of drug demand. Some drugs
are habitual and the consumption may be the coeseguof treatments that extend beyond the
period for which the data is collected, typicallyeoyear. At best, the above mentioned papers
take in to account one of these issues. We argettts crucial to control for all of them when
modeling the dependence of demand for prescrigtiags on income. In fact leaving out one of

these elements from the analysis can lead to sdyibiased Engle curve estimates.

The analysis presented in this paper is basedpanel data set with information about 20% of
the Danish population under the age of 70. Thia dat has some unique features that are crucial
in this context. Most importantly, and unlike arther data set that we know of, it holds person
level panel information about demand for presaniptdrugs for the period 1995-2003. This
enables us to model the dynamic structure of denaawdto take account of person-level fixed
unobserved factors as well as correlation betweeonme and the idiosyncratic error term.
Moreover, covering 20% of the Danish population tteta set is very large compared to
expenditure surveys or other data sets with infeionaabout the demand for prescription drugs.
This enables us to consider prescription drug deinfan subsets of the population without
relying on small samples. We use this feature lisstilate that the effect of income on the

demand for prescription drugs can vary significaatiross different levels of income.

In the main analysis we focus on persons aged %585 persons near retirement. The results
show a strong relationship between income and thmadd for prescription drugs when
estimated on a cross section. However, taking actmunt the dynamic structure of demand as
well as fixed factors controlling for individual sgific levels of health capital is very important
in this context. Applying an appropriate panel datadel weakens this relationship considerably.
This suggests that Engle curve relationships egtisnaff cross section data may lead to biased
estimates of the Engle curve relationship and taition is warranted when giving such

estimates a behavioral interpretation, i.e., agsstiimate of the demand response to a change in

! Observations for age groups 66-69 are reservedrf@xternal validation exercise where the estichatedel’s
ability to capture the adjustment in demand follogvthe change in income from age 66 to 68 is ingat&d.



income. This knowledge is essential for policy makieying to design policies that affect the

level of disposable income. If polices are basedetationships estimated on cross section data,
then the effects on demand from welfare reforms agpear substantial when they in fact are
small. Results from this study, however, still segfgthat reforms affecting income, for example

reforms of the public pension provision, will afféhe demand for prescription drugs.

The remainder of the paper is organized as folldwshe next section we sketch the empirical
problem and suggest a solution to it. Section 3gmts the data and shows how demand differs
between young and old persons by estimating nonparec Engle curves on cross sections from
our gross data set. Section 4 presents a multteaaiaalysis in which we try to take in to account
potentially confounding factors. In this section aso show how the results differ between
young and old persons. In section 5 we attemptal@ate our model for the near-retirement
sample by checking its ability to predict the athusnt in demand following the first receipt
from a universal government public pension schdraeis awarded irrespectively of whether the
individual has labor income. The idea is that theds to an exogenous change in income that is

arguably unrelated to the development in healttust&ection 6 sums up and concludes.

2. Method

There are several complications associated witimashg Engle curves for prescription drug
demand. First, demand is potentially driven by wsobed factors that we refer to as health
capital, cf. Grossman (1972). More health capgales the individual more resistant to adverse
health events and individuals equipped with moralthecapital are assumed to have a lower
level of consumption of prescription drugs. Thecktof health capital is likely heterogeneous
across the population where some individuals aremgdly equipped with a high level of health
capital and others with a low level of health capiin general, health capital will be non-
separable from human capital so that an adversekdioothe health capital also produces an
adverse shock to earnings. The effects of suchragh&hocks can be mitigated by consuming
drugs that restore the health capital and stimubmteluctivity again. Another complication
relates to the potential dynamic aspects of drugatel. Drug demand potentially follows a
dynamic process because demand is habitual, lmainitalso reflect that the data are collected
over a time frame that does not match the time drafithe treatment. This occurs, for example,



when data are collected from January to Decembeérthmi treatment program runs from
November to March. In this section we formulate emdnd model that can handle these

concerns.

Consider the following demand function.

Sit = Bo + B1Sit—1 + BaYit + BaVi + Baxie + i + Uy (1)

wherei =1, ...,N is the person identifier andidentifies the period of observatiosy, is the
share of income allocated to prescription drugs ifalividual i in yeart, ands;;_, is the
expenditure share for persdnmeasured in the previous periog, is the natural log of
disposable income. Following the standard in thmated literature we include a quadratic term
in log-income, Banks, Blundell and Lewbel (19970)atlow the Engle curve to be nonlineay.
is a vector of control variables including age, ,sexarital status, number of children,
immigrant/native, education, occupation and gedgcgb location. S, 1, B2, B3, Bs are
parameters to be estimated, but the focus in thgepis on the estimation of the income
response, anfl,, 33 are therefore the parameters of interest in thudys Prices are subsidized
according to a complicated scheme that is geneiradigpendent of the level of income, and we
therefore ignore price effeétssee Simonsen et al. (201(). is an unobserved effect that is

specific to persom, andu;; is an error term that may vary across time perayasindividuals.

We think of y; as capturing innate unobserved health or the datheo health capital that is
approximately fixed over the time span where weeols a person in our data set. Because
health capital is potentially nonseparable from horoapitaly; is potentially correlated with;,

and our estimation method should address thisncludes unanticipated adverse health shocks.
An adverse health shock can generate a drop imiec®he consumption of drugs on the other

hand can help restore the income leugl.is therefore potentially correlated wigy. Estimating

’ Income-tested subsidies are granted by municipslitThe empirical analysis is insensitive to esolusof
individuals receiving these subsidies. Additionally 2000, the subsidy scheme was reformed, so axtease co
payment. This affected people with low levels oégaription drug use most. In section 4 we shalfgoer a
sensitivity check so as to make sure that thisrneftioes not bias the results.



(1) by methods assuming orthogonality of the respes is therefore not likely to produce
consistent estimates ¢, 8,, 3. Moreover, the fact that;;_; = By + B1Sit—2 + B2Vit—1 +
BsVii_q + BaXit—1 + Wi + wie—q implies thatcov(s;,_q, i) > 0 in (1). Estimating the parameters
of (1) by OLS will therefore produce biased estiesatot only of3,, 55 but also off, if y; is an

important factor in explainingj;.

To address these problems, we exploit the panattate of the data and invoke the assumption
thatcov(u;;, uir—1) = 0,1 =1, ...,T — 1. This assumption is testable and it allows usetiing a

set of instrumental variables that enable us teestile problems associated with estimating (1).

Consider first the solution to the problem assedatwith estimatingf$;. Note that
cov(sjt—1, 1i) > 0 butcov(As;—1, 4;) = 0,1 = 1. This suggests thats;;_;,[ = 1 can be used as
instrumental variables fos;;_; in equation (1). Moreover note thabv(y;,u;) # 0 and
cov(y, 1) # 0 but that cov(Ay;_;, uir) = cov(Ay—_, ;) = 0,1 > 1. This suggest that

Ay;—;, 1 = 1 can be used as instrumental variables/faf

An alternative approach to addressing the problasssciated with estimating the parameters of
(1) starts out solving the endogeneity problemsirggi because of the unobserved individual

specific effecty;. To do this, consider a first differenced versadril)

Asie = Bo + P1lsie—1 + BoAyie + BaAyf + Balxie + Auye (2)

In equation (2) stillcov(Au;, As;e—q) = cov(Auy, Auje—q) = —cov(ui_;) <0, and OLS on

(2) will still produce biased instrumen{8, can be consistently estimated by applying GMM/IV
usings;;_;, L = 2,..,T — 2 as an instrument faks;,_,. This follows the insights of Andersen
and Hsiao (1981) and Arellano and Bond (1991). Milereeed to accommodate the potential

endogeneity of\y;, (andAy?2). This arises because:

* A static demand relation with a linear Engle cuiwvaested in (1). In the result section we shaiheste such a
version of the model and compare its performandb thie performance of (1) taking into accountéhelogeneity

2
of Sit—1, Yie, andy;z.



cov(uy, yir) # 0 = cov(Auy, Ay;) = cov(yip, Uie) + cov(Yip—q, Ujr—1) # 0

(and correspondingly forAyz). We note thatcov(ui, yii—1) = cov(Ujr—q, Yie—1) = 0,1 =

2,..,T — 2, and that income lagged twice or more thereforebmaused as instruments foy;;.

Arellano and Bover (1995) and Blundell and Bond9@)9suggest combining equations in levels,
(1), and equations in first differences, (2), iderto obtain a more efficient estimator. When the
autoregressive parameter is close to unity, e ,series is highly persistent, the lagged levels
become weak instruments in the differenced equataonl yields biased estimates. Further, if the
variance of the individual fixed effect is largdateve to that of the idiosyncratic error-term,

using only equations in first differences will ydebiased estimates. Even for low values of the
autoregressive parameter, Monte Carlo simulaticage hshown that combining equations in

differences and levels implies significant effiagngains; see Blundell and Bond (1998). Our

preferred estimator does exactly that

3. Data

We use administrative data provided by Statistiemrark. The data set contains information
about a random sample of 20% of all Danish indigldun the period from 1995-2003. We
construct a balanced panel of individuals agedadl8% including 681,837 individuals. In the
estimation part of the paper we focus on individustween 55 and 65 years. 203,911 people in
the data set are aged 55-65 at some point in thel.géor each individual in the sample we know
the complete history of prescription drug purchaisetuding date, prices etc. These data are
augmented with socio-economic information on a@s, snarital status, number of children,
immigrant/native, education, occupation and gedgcab location. The data set has one

shortcoming: it does not hold information on diagisar other types of in-or out-patient care.

* One additional complication is that the dependemtable is censored at zero since some personstdmnsume
drugs. Not taking censoring into account can bea@ated with inconsistent estimates. No estimatastg that
simultaneously handles the endogeneity problenmsepted above while addressing the censoring issisection 5
we show evidence that the censoring problem idylit@ be less important than the endogeneity probleand we
therefore proceed ignoring the censoring problem.



Descriptive Satistics

In table 1, descriptive statistics on a subsehefvariables in the data set is presented. There ar
marginally more women than men in the 55-65 agelats as well as for the full sample. The
mean income for the full sample is DKK 255,058 &KK 246,532 for the 55-65 year olds.

[Insert table 1 here]

In figure 1, a local polynomial regression of theigl expenditure share on age is depicted. As
can be seen, there is a strong, positive relatiprisgtween the two. This may be explained by a
deteriorating health status at old age, but agdigushows, the average income is also falling
from age 60 and onwards. That is, this does nassacily imply that the elderly consume more
drugs, only that they allocate a larger fractionha&fir income to drug consumption. Inspection of
the actual levels (not reported) reveals that deimarguantitatively increasing markedly from

around age 50.
[Insert figure 1 here]
[Insert figure 2 here]

The non-parametric Engel curve for total presaniptiirug consumption is graphed in figure 3.
As can be seen, there is a negative, monotonitaeship between the expenditure share and

income.
[Insert figure 3 here]

Note that a quadratic form seems to be able taucaphe nonlinearities in drug demand. Given
that the elderly have a higher average expendsgbeze, the Engel curve relationship might
differ over age groups. In figure 4, two separatgdt curves are depicted: one for individuals
below 55 (‘young’) and one for individuals aged &5above (‘old’). The shapes of the two
relations are very similar, but the levels areatght (note the different scales). This suggests

that the older part of the age distribution reaotse to income changés.

[Insert figure 4 here]

> Deaton and Paxson (1998) also find that the inchewdth correlation becomes stronger as age pragess



4. Reaults

The estimation results for the sample of the 563¢/ear-olds are reported in table 2. Columns
(1) and (2) are OLS estimations of the Engel cundelinear income term is included in (1), and
income squared is included in (2). Both show a negaelationship between income and the
expenditure share just as we found in the non-petréanEngel curve in figure 3. Columns (3)
and (4) are the same as (1) and (2) but with incbeieg treated as endogenous. Lagged
differences of the endogenous explanatory varialdeused as instruments; see section 2. In the
linear case, treating income as endogenous doeafigat the parameter estimates. When we
include income squared, however, treating incomena®genous reduces the point estimates to
both income terms. Note that the test of the oeartiflying restrictions is rejected neither in (3)

nor (4) at the usual levels of significance, sugiggghat instruments are valid.
[Insert table 2 here]

Column (5) holds the OLS results for the estimatith income, income squared and a lagged
dependent variable as key explanatory variablesenMtompared to (2), including the lagged

dependent variable reduces the numerical sizeegbdimt estimates of the income terms to about
the half. The AR parameter is 0.62 indicating ahhdegree of state dependence. The OLS
estimate of the AR parameter is known to be upvisaded, Bond (2002). The within groups

estimate of the AR parameter in column (6) is O&As estimate is downwards biased, and so
the true degree of persistence in demand is boubhydbe estimates presented in columns (5)
and (6). In any case, estimating the relation bys@k within groups produces biased estimates

of the AR parameter as well as the coefficienth&income terms.

The results for the GMM-SYS estimator that takdas iaccount the endogeneity of the lagged
dependent variable but still treating income asgerous is presented in column (7) where
Si¢—2,Sit—3,Sit—4 are used as instrumental variables for the lagggzentdent variable in the
difference equations anfils; ,_,is used as instrument for the lagged dependenablarin the
level equations. In this model, the autoregrespaeameter is more than halved (0.256)
compared to the OLS counterpart in (5). The GMMnaste of the AR parameter lies between
the OLS and within groups estimates in column (&) €6). Also, this is an informal test that the

GMM-estimator of the AR parameter is not misspedfiThe coefficients to the income terms



are comparable to those of the static model inTBg Arellano-Bond test for no autocorrelation
in the first differenced error-term is also repdrt&Ve report the tests of'12" and & order
autocorrelation. The identifying assumption of akyiuncorrelated errors would lead to negative
first-order serial correlation in the differencedogs, but no significant second or higher order
serial correlation should be present. The tesissitzt shows significant™lorder autocorrelation,
but no significant % or 39 order autocorrelation suggesting that the maoglabt misspecified.
The Sargan test of overidentifying restrictiongegected though. This latter test however has

been shown to perform poorly; see Arellano & Boh89q1).

We also wish to control for the possible endoggnafiincome in the GMM-SYS setup by using
lagged levels and differences as instruments; saenn (8). Specifically, we instrument the
income terms with y; . ,,¥;:-3,¥it—4 in the difference equatiofsand Ay;.—4iS used as
instrument in the levels equations (same proceguwised for the squared income term). The AR
parameter is very close to that of (7), and we ravke able to distinguish between the two
statistically. However, there is a significant retion in the numerical size of the point estimates
to both income terms. They are now both individuatatistically insignificant, yet jointly
significant. The Sargan test still rejects the @antifying restrictions, but the Arellano-Bond
test of no second-order auto-correlation in thst filifferenced error-term is not rejected at the
5% level. The estimates presented in column (8 tato account all the complications that we
listed in section 2, and this is our preferred skeestimates. We note that the Engle-curve
relationship is considerably weaker than what imftbwhen estimating it off cross section data

whether taking into account the endogeneity of memr not.

The results from this study are comparable to #seilts obtained by Alan et al. (2005). They
estimate static Engle curves for non-senior housshmn Canadian expenditure survey data and
reporf mean budget share elasticities with respect tonmcin the range [-0.0057;0] with more
significant responses for lower income househdidghis study the model with quadratic and
instrumented income terms, column 4 in table 2dpces mean budget share elasticities with
respect to income in the range [-0.019;-0,012] amdhe range [-0.0057;-0.0036] for the

® Including further lags do not affect the results.

"In table 4, page 141.
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preferred model, column 8 table 2. Also in our cimeresponse is stronger for lower incomes.
The Engle curve estimates from this study are mega not far from the estimates obtained in
their study, and the estimates from our dynamic ehage closer to their estimates. However,
our study suggest that estimates obtained fronnardic model estimated on panel data tend to
suggest smaller responses than what is indicabed tine estimates obtained from a static model.
The dynamic aspect may be important for descriltiveg adjustment in demand to changing

incomes. We shall return to this in section 5.

Before closing this section, we note that while prefer the estimates presented in column (8),
the IV estimates based on cross section data pgesséncolumn (4) pass the Sargan test. This
suggest that researchers who are equipped onlyonds section data while trying to estimate
Engle curves for prescription drug demand will tedteeh models to be well specified. Our
results suggest that this may not be the caseedtios 5 we shall compare the performance of
the models in an external validation test in otdgprovide additional evidence of what model is

to be preferred. Before doing this, we present sahastness checks.

Sensitivity Analysis
Full sample estimation

Figure 4 pointed towards the possibility that threg@8 curve relation is not stable over different
age-groups. We therefore estimate our set of maetbe entire group of people below the age

of 65. The results are displayed in table 3.
[Insert table 3 here]

If we compare each specification to the counteratable 1, the income terms generally have
the same sign, but the absolute value has decreéagedround 50%. For our preferred

specification, GMM-SYS with endogenous income, #stimates are still very small, and the
individual coefficients are not statistically sijoantly different from zero. That is, based on a
simple comparison of the individual coefficientsg vare not able to distinguish the results
generated from the large sample from the resuhermg¢ed from the small sample for the GMM-

SYS model with endogenous income. However, thessmnthe individual coefficients have

11



changed. Note that the estimates of the autorageessarameter reported in table 3 are
comparable to those in table 2. Further, all thecgjgation tests regarding validity of the
instruments are rejected at trivial levels of digance. This is also the case for the Arellano-
Bond test of no second-order autocorrelation infitst differenced residuals for both GMM-
SYS models. The general pattern showing that theeletion between income and drug
expenditure gets stronger as age progresses ismmavith the findings of Deaton and Paxson
(1998) showing that the correlation between sgibreed health and income becomes stronger

with age when persons younger than 70 are considere
Censoring

Not all people have expenditures on prescriptiargsr This means that some of the observations
are censored at zero. In the 55-65 sample 23%eobliservations are censctednd this may
introduce bias in the estimates presented eatllefortunately no estimator exists that can
simultaneously handle all the complications lisied section 2 while also addressing the
censoring issue, see Arellano and Honoré (2003 eWer, to obtain a feel for the importance of
censoring we estimate the two static Engel curlagioms (corresponding to the results presented
in columns (1) and (2) in table 2) using a Tobitdmband compare these estimates to the OLS

counterparts. These results are shown in table 4.
[Insert table 4 here]

The OLS and Tobit estimates are very similar; tbmtestimates are only marginally different.
The coefficients in the linear specifications amvbver statistically significantly different, but
this is not the case when the squared term isdedult is questionable whether the differences
in the estimates offer any economic significance ke this as suggestive evidence that the

endogeneity issues outlined in section 2 are adtgramportance than the censoring.

8 In the sample including all persons aged 65 ongeu the degree of censoring is 26%.
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Individual versus household income

So far, the analysis has been based on individgalne. It is likely that couples will insure each
other mutually. To shed light on this, we estimidiie model using the income of the household
instead of the individual income; see table 5. Témlts show that the estimated coefficients for
the preferred model are very similar to the resusi;mg only individual income. We are not able
to distinguish between the coefficients statisljcand the point estimates are so small that the
difference is of no economic significance. We ndiwever, that the income terms are jointly
insignificant when using household income. Furthiee, Arellano-Bond test for no second order

autocorrelation in the first-differenced errorsegected.

[Insert table 5 here]

Gender differences

Another dimension along which results can potelytighry is gender. On average women have
lower income and a higher absolute level of drug &esults for subsamples of men and women
are presented in tables 6 and 7. The income regpesisnates are individually insignificant for
both women and men. The income parameters ardyjsighificant for women, but not for men.
However, plotting the estimated Engle curve retatiop (not reported) suggests that the

differences are of no economic importance.
[Insert table 6 here]

[Insert table 7 here]

Reimbursement reform in 2000

In 2000 the general population subsidy scheme ffiesqguiption drugs in Denmark was changed.
Before 2000, all drugs that were qualified receiaefixed percentage subsidy. After the reform
the drug subsidies became a function of individera¢l consumption, offering no subsidies for

low level of expenditures but with an increasingpsdy rate in yearly total expenditures; see

13



Simonsen et al. (2010). Specifically, drug expanditess than DKK 500 was not subsidized but
for expenditures above DKK 500, a 50% subsidy @tgd, increasing to 75% at DKK 1200 and
so forth. This implied a higher copayment for peopith relatively small expenditure levels. To
shed light on the effects of this reform for th&reation of the income response of demand, we
estimate the preferred model with an indicator oergst reform status and interact it with the
income parameters. These effects turn out to bgsmall and statistically insignificant (results
not reported). Further, as individuals with lowensumption pay relatively more for their drugs
under the new regime, we estimate the model wiith iadicator that is equal to one if an
individual is in the post-reform period and hadeapenditure level less than DKK 1,000 in 1999
and zero otherwise. This indictor is then interdciégth the income terms. These interaction
terms are statistically significant, but the estidacoefficients are very small and they do not
provide any meaningful economic significance.

5. External Validation

Several of the models that we presented paramstienages for in table 2 of section 4 for age
groups 55-65 pass standard specification testxif®adly, we found that the static model with a
guadratic Engle curve that was instrumented, colu@) passed the Sargan test for
overidentifying restrictions, while our preferrecbdel, column (8), did notAs mentioned, the
Sargan test is known to have low power, but isroftses anywa as a standard specification test
in cross section studies with endogenous regressaitsoveridentifying restrictions. Short of
having access to data as rich as ours this cou#dly) lead researchers to assume that such a
model is well specified. Yet, we have found thattistmodels can produce results that differ

substantially from those of dynamic models.

In order to investigate further the benefits of mloty drug demand using our proposed dynamic
specification we conduct an external validation teshe spirit of Todd and Wolpin (2006). The
idea of the test is to use the estimated modefsatke out-of-sample predictions of the demand

response to an exogenous change in income. An astindemand model ideally provides

° This model did pass the more focused test forutocarrelation in errors.
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information about how demand responds to a changedome and not about how income
responds to a change in demand. In our context mi@mauld cause income if, for example, an
adverse health shock leads to increased drug eipeysd and retirement thereby lowering
income. An external validation experiment shouldréfiore examine the effect of a change in
income that is not used for estimating the model iamot the consequence of a health shock.
We argue that a feature of the Danish public pensigstem provides exactly this type of

variation for a subsample of the persons entetiegsample used in the estimations.

The income of retirees typically consists of onenwre of three income sources: (1) Public
pension (2) private pension and (3) labor marketsfpss. While private and labor market
pensions are potentially related to historic heaitd earnings capacity, public pension is granted
to all Danish citizens from the day they turn 67 irrespecof their previous, current and future
labor market participation and health statusn 2000, the yearly amount paid out was DKK
72,096 (ca. US$ 12,000) per person if cohabitingnarried and DKK 98,700 (approximately
US$ 16,500) for singles.

The public pension scheme is supplemented by dy rdirement scheme making it possible to
retire at some point in the age interval 60-66. Vbearly amount paid out in this program is
DKK 148,200 (approximately US$ 24,700) in 2000.\B&tn the ages 60-66, this amount is to
be paid out for the first 2% years in the progrand hereafter reduced to DKK 121,420
(approximately US$ 20,200), to provide an incentiie postpone retirement. The early
retirement scheme was introduced in 1979, and ritreduction was motivated as a scheme
giving the opportunity for physically worn down inaluals to retire earlier. Using US data,
Rust & Phelan (1997) find that low health statuassociated with the decision to opt for early
retirement. Hence, we cannot be sure that earlyeneént and the accompanying change in

income is not related to an adverse change inthealt

The external validation experiment investigates tiwbiethe estimated models are able to explain
how demand develops from age 66 to age 68 wherpubkc pension is granted to all citizens
irrespective of their health. We consider the cleaimgncome from 66 to 68 rather than from 66

to 67 for a two reasons. First, the income datarthe calendar year but the public pension is

%n what follows, we describe the rules in effecttat time covered by the data.
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supplied from each person’s birthday and thereflmes not follow the calendar year for most
individuals. The full effect of the public pensiatherefore not recorded in the data until age
68. Second, private capital pensions are also @atcht age 67 and this may give a transitory

income that does not reflect the effect of the puténsion.

[Insert figure 5 here]

We predict the expenditure share at age 66 aneé$&ctively and calculate the differeticén
figure 5, the model predictions are plotted togethéh the associated income changes. The
average income drop from age 66 to 68 is about 6B38wever, the spread is large, and the
graph has therefore been trimmed such that thandottom 10% of the income changes have
been left out. The graph shows the actual expemdithare changes together with those
predicted by the linear static model where incoméreated as endogenous (specification (3))
and our preferred GMM-SYS estimator where incomiegated as endogenous. As can be seen,
the predictions from the GMM-SYS estimator are maldser to the actual changes compared to
the linear specification. To assess the statis8aalificance we bootstrapped the procedure to
provide a confidence band for the predictions. As be seen, the actual changes lie within the
confidence band of the preferred model. The confidebands of the linear static model (not
reported) are so wide that it is not possible stidguish between the two modelhe static
model with a quadratic income term yields preditsigimilar to those of the linear static model,

both with income treated as exogenous and endogdgnotireported).

Individuals who have retired before age 67 in meages experience relatively small changes in
income when the public pension system kicks ininvestigate whether the model can handle
significant income changes, we also perform thease for the subsample of persons who are
recorded with labor income at age 66 and therefaree not opted for the early retirement
scheme, and are still present in the sample wheiil&i8 amounts to 9,083 individuals. Many of
these people will retire at age 67 and this mag bensequence of the public pension. However,

for this group the decision to retire and the aqeanying change in income is not likely to be

" When we predict the expenditure share at age 6&eed to know the expenditure share at age 67 wiednave
a lagged dependent variable in the model. As thitalsle would not be observed in a real experimeetuse the
expenditure share at age 66 instead.
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related to a discretionary change in health. Thearage drop in income is 5.3% from 66-67,
15.3 % from 66-68 and 18.0% from 66-69. This sutg®t the income change from age 66-68
is significant and that it reflects the permanembime drop associated with retirement. Density
plots of the income changes (not reported) conftimt this is not driven by extreme
observations. Again, we predict the expenditureeshiage 66 and 68 respectively and calculate
the difference. In figure 6, the model predicti@me plotted together with the associated income
changes. Also, this graph has been trimmed sudhthieatop and bottom 10% of the income
changes have been left out, and it shows the aeqpainditure share changes together with those
predicted by the linear static model where incoméreated as endogenous (specification (3))
and our preferred GMM-SYS estimator where incomdrésted as endogenous. The graph
clearly shows that the predictions from the GMM-S¥&imator are much closer to the actual

changes than the prediction from the linear spsatifon.

[Insert figure 6 here]

We take the evidence from the external validatisnsaggestive that our preferred model of
prescription drug use captures the behavioral &derst in drug demand following income

changes better than a standard cross section model.

6. Summary and Conclusion

In this paper we present an analysis of how theadheihfor prescription drugs is affected by
variations in income. Estimation of Engle curveatieinships for the demand for prescription
drugs is complicated because a central explanatorgble, the health capital, is unobserved and

because demand has dynamic aspects, for exam@adsesome drugs are habitual.

The analysis is based on a novel panel data sktimfitrmation about purchase of prescription
drug demand for a very large number of Danish iiddials over the period 1995-2003. Our
analysis focuses on a pre-retirement group age@®55%here both average demand for

prescription drugs and income vary markedly. O@fgared model that takes in to account the

17



aforementioned complications performs better iregernal validation test than models that can
be estimated on cross section data. Results imdtbat demand does respond to variations in
income but less so than what is suggested by sexgson estimates. This suggests that reforms
affecting incomes, for example reforms of publimgien provision, will affect demand for

prescription drugs.
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Tablesto beinserted in thetext

TABLE 1
DESCRIPTIVE STATISTICS

age <70years

Mean St.dev. Median
Age 43.91 13.22 43
Gender 0.4997 0.50 0
Income 255,057.60 187,138.40 232,021.90
Log income 12.28 0.63 12.35
Household income 441,473.70 618,201.80 420,721.00
Log household income 12.80 0.68 12.95
BExpenditure share 0.0037 0.0135 0.0008
Obs. 5,518,532
55< age <65years

Mean St.dev. Median
Age 59.47 3.14 59
Gender 0.4962 0.50 0
Income 246,532.40 221,648.00 204,373.50
Log income 12.21 0.68 12.23
Household income 422,129.60 315,622.90 368,957.00
Log household income 12.77 0.62 12.82
BExpenditure share 0.0059 0.0183 0.0017
Obs. 1,043,423

Selected descriptive statistics by age category.
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TABLE 2
EstimATION RESULTS 55-65 YEARS

oLs oLs v v oLs WITHIN GMM-SYS GMM-SYS
28LS 28LS GROUPS EXOG. ENDOG.
S @ @ 3 @ ®) (6) ) ®
INCOME -0.011 -0.053 -0.011 -0.042 -0.032 -0.051 -0.055 -0.013
(.0002) (.0036) (.0006) (.0070) (.0029) (.0064) (.0069) 0072)
INCOME SQ. - 0.002 - 0.001 0.001 0.002 0.002 0.0004
- (.0001) - (.0003) (.0001) (.0003) (.0003) (.0003)
St - - - - 0.618 0.118 0.256 0.296
- - - - (.0162) (.0215) (.0236) (.0265)
Wald/F test 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.002
Arellano-Bond test
1 - - - - - - -14.29 -14.58
2 - - - - - - 1.22 1.92
3 - - - - - - -0.35 -0.10
Sargan/OIR - - 2.80 0.79 - - 100.05 407.89
@ @ (23) (61)
Obs. 852,714 852,714 852,714 852,714 852,714 852,714 852,714 2,718b

Estimation on sample of 55 to 65 year olds. Corstiotlude: Sex, age, education, occupation, gedgcdpcation, immigrant/native and marital status.
Robust standard errors in parentheses. Bold inelicsignificance at 5% level. Wald/F test: p-valenf test of joint significance of income and incoste
Arellano-Bond tests for first-, second- and thindler serial correlation in the first-differencedideials. These are asymptotically distributed N{Qyider

the null of no serial correlation. Sargan testlod bver-identifying restrictions is asymptoticadigi sq. distributed under the null of instrumentidity.
Degrees of freedom are reported in parentheses.
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TABLE 3

EstiMATION RESULTS <65 YEARS

oLs oLs v v oLs WITHIN GMM-SYS GMM-SYS
2SLS 2SLS GROUPS EXOG. ENDOG.
S @ &) 3 @ ®) (6) ) ®
INCOME -0.007 -0.029 -0.006 -0.026 -0.023 -0.024 -0.026 0.003
(.0001) (.0014) (.0002) (.0028) (.0012) (.0017) (.0020) 0031)
INCOME SQ. - 0.001 - 0.001 0.001 0.001 0.001 -0.0002
- (.0001) - (.0001) (.0001) (.0001) (.0001) (.0001)
St - - - - 0.531 0.124 0.221 0.244
- - - - (.0100) (.0102) (.0109) (.0115)
Wald/F test 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Arellano-Bond test
1 - - - - - - -25.99 -26.09
2 - - - - - - 4.75 5.59
3 - - - - - - -1.54 -1.08
Sargan/OIR - - 13.00 7.41 - - 282.46 1217.51
@ @ (23) (61)
Obs. 3,987,166 3,987,166 3,987,166 3,987,166 3,987,166 3/B7, 3,987,166 3,987,166

Estimation on sample of individuals aged 65 andweTontrols include: Sex, age, education, occupatgeographic location, immigrant/native and marita
status. Robust standard errors in parentheses.imdihtes significance at 5% level. Wald/F testuglue from test of joint significance of incomedan
income sq. Arellano-Bond tests for first-, secoadd third-order serial correlation in the firstfdifenced residuals. These are asymptotically Histed

N(0,1) under the null of no serial correlation.dzar test of the over-identifying restrictions igmptotically chi sq. distributed under the nullinftrument
validity. Degrees of freedom are reported in paneses.

TABLE 4
OLsvs, ToBIT ESTIMATION
oLS TOBIT oLS TOBIT
S @ 2 3 4
INCOME -0.0113 -0.0121 -0.0535 -0.0527
(.0002) (.0003) (.0036) (.0008)
INCOME SQ. - - 0.0018 0.0018
- - (.0001) (.00003)
Censored obs. 193,716 193,716 193,716 193,716
Uncensored obs. 658,998 658,998 658,998 658,998
Total obs. 852,714 852,714 852,714 852,714

Estimation on sample of 55 to 65 year olds. Comtietlude: Sex, age, education,

occupation, geographic location, immigrant/natinel anarital status. Robust standard
errors in parentheses. Bold indicates significaatcg% level.
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TABLES

EstimATION RESULTS 55-65 YeEARsSHouUSEHOLDINCOME

oLs oLs v v oLs WITHIN GMM-SYS GMM-SYS
2SLS 2SLS GROUPS EXOG. ENDOG.
S @ &) 3 @ ®) (6) ) ®
INCOME -0.004 -0.033 -0.003 -0.034 -0.026 -0.040 -0.043 -0.007
(.0001) (.0056) (.0003) (.0111) (.0052) (.0100) (.0104) 0047)
INCOME SQ. - 0.001 - 0.001 0.001 0.001 0.001 0.0003
- (.0002) - (.0004) (.0002) (.0004) (.0004) (.0004)
Sta - - - - 0.638 0.110 0.256 0.278
- - - - (.0343) (.0431) (.0482) (.0504)
Wald/F test 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.757
Arellano-Bond test
1 - - - - - - -7.68 -7.52
2 - - - - - - 2.67 3.32
3 - - - - - - 0.51 0.06
Sargan/OIR - - 4,05 3.73 - - 381.46 1100.37
@ @ (23) (61)
Obs. 852,714 852,714 852,714 852,714 852,714 852,714 852,714 2,718b

Estimation on sample of 55 to 65 year olds usingsebold income. Controls include: Sex, age, edonatccupation, geographic location,
immigrant/native and marital status. Robust stathéarors in parentheses. Bold indicates signifieaatc5% level. Wald/F test: p-value from test ahfo
significance of income and income sg. Arellano-Boests for first-, second- and third-order seri@relation in the first-differenced residuals. Teese
asymptotically distributed N(0,1) under the nullred serial correlation. Sargan test of the ovenidging restrictions is asymptotically chi sq. tdibuted
under the null of instrument validity. Degrees odddom are reported in parentheses.
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TABLE 6

EstimaTiON ReEsuLTS 55-65 YeArs -WOMEN

oLs oLs v v oLs WITHIN GMM-SYS GMM-SYS
2SLS 2SLS GROUPS EXOG. ENDOG.
S @ &) 3 @ ®) (6) ) ®
INCOME -0.016 -0.046 -0.015 -0.033 -0.028 -0.045 -0.051 -0.015
(.0004) (.0046) (.0010) (.0092) (.0036) (.0079) (.0084) 0043)
INCOME SQ. - 0.001 - 0.001 0.001 0.001 0.001 0.0003
- (.0002) - (.0004) (.0002) (.0003) (.0003) (.0004)
Sta - - - - 0.620 0.124 0.256 0.301
- - - - (.0181) (.0242) (.0275) (.0311)
Wald/F test 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Arellano-Bond test
1 - - - - - - -12.59 -12.80
2 - - - - - - 0.49 1.05
3 - - - - - - 0.14 0.42
Sargan/OIR - - 4,94 3.47 - - 80.32 250.49
@ @ (24) (62)
Obs. 427,814 427,814 427,814 427,814 427,814 427,814 427,814 7,814p

Estimation on sample of women, 55 to 65 year dldmtrols include: Age, education, occupation, gapgic location, immigrant/native and marital status
Robust standard errors in parentheses. Bold inelicsignificance at 5% level. Wald/F test: p-valenf test of joint significance of income and incoste
Arellano-Bond tests for first-, second- and thindler serial correlation in the first-differencedideials. These are asymptotically distributed N{Qyider

the null of no serial correlation. Sargan testlod bver-identifying restrictions is asymptoticadilyi sq. distributed under the null of instrumentidity.
Degrees of freedom are reported in parentheses.
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TABLE 7

EstimATION RESULTS 55-65 YEARS-MEN

oLs oLs v v oLs WITHIN GMM-SYS GMM-SYS
2SLS 2SLS GROUPS EXOG. ENDOG.
S @ &) 3 @ ®) (6) ) ®
INCOME -0.006 -0.039 -0.005 -0.029 -0.032 -0.045 -0.050 -0.003
(.0002) (.0066) (.0005) (.0105) (.0060) (.0112) (.0121) 01@2)
INCOME SQ. - 0.001 - 0.001 0.001 0.002 0.002 0.0001
- (.0003) - (.0004) (.0002) (.0004) (.0005) (.0004)
Sta - - - - 0.589 0.074 0.225 0.256
- - - - (.0356) (.0432) (.0393) (.0426)
Wald/F test 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.455
Arellano-Bond test
1 - - - - - - -7.22 -7.04
2 - - - - - - 2.26 2.65
3 - - - - - - -1.04 -1.00
Sargan/OIR - - 0.78 0.01 - - 179.97 650.50
@ @ (24) (62)
Obs. 424,900 424,900 424,900 424,900 424,900 424,900 424,900 4,90

Estimation on sample of men, 55 to 65 year oldit@s include: Age, education, occupation, geobiapocation, immigrant/native and marital status.
Robust standard errors in parentheses. Bold inelicsignificance at 5% level. Wald/F test: p-val@nf test of joint significance of income and incoste
Arellano-Bond tests for first-, second- and thindler serial correlation in the first-differencedideials. These are asymptotically distributed N{Qyider
the null of no serial correlation. Sargan testlod bver-identifying restrictions is asymptoticadilyi sq. distributed under the null of instrumentidity.
Degrees of freedom are reported in parentheses.
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Figuresto beinserted in the text

FIGURE 1
KERNEL REGRESSIONOF EXPENDITURE SHARE ON AGE
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Local polynomial regression of age on the expeméitshare. Cross-section, year 2003. Dashed lineQ%%
confidence interval.
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FIGURE 2
KERNEL REGRESSIONOF LOG INCOME ON AGE
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Local polynomial regression of age on the log ineo@ross-section, year 2003. Dashed lines are 35#%tdence
interval.
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FIGURE 3
KERNEL REGRESSIONOF EXPENDITURE SHARE ON LOG INCOME
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Local polynomial regression of log income on thesgription drug expenditure share. Cross-sectiear 2003.
Dashed lines are 95% confidence interval.
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FIGURE 4
KERNEL REGRESSIONOF EXPENDITURE SHARE ON LOG INCOME BY AGE GROUP
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Local polynomial regression of log income on theggription drug expenditure share by age. Youngratigiduals
below the age of 55 and old are individuals agedid0. Cross-section, year 2003. Dashed lines9afé
confidence interval.
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FIGURE 5
EXPENDITURE SHARE CHANGES FROM AGE 66 TO 68 FoR FULL SAMPLE
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Plot of the predictions from the GMM-SYS estimaaod the linear static model with income treatedradogenous.
The dotted line is the actual expenditure sharegbs. The graph only depicts 80% of the distrilbutid income
changes. 10% in the top/bottom has been left d# Bonfidence bands for GMM-SYS predictions areoresal.

These are bootstrapped using 1,000 replications.
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FIGURE 6
EXPENDITURE SHARE CHANGES FROM AGE 66 TO 68FOR SUB SAMPLE OF WAGE EARNERSAT 66
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Plot of the predictions from the GMM-SYS estimaaod the linear static model with income treatedradogenous.
The dotted line is the actual expenditure sharegbs. The graph only depicts 80% of the distrilbutid income
changes. 10% in the top/bottom has been left d# Bonfidence bands for GMM-SYS predictions areoresal.

These are bootstrapped using 1,000 replications.
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