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Chapter 1: Introduction

Like many other countries, the population of the Netherlands will age rapidly in the upcoming
decades. The share of elderly of the population will rise a result of increasing life expectancy. In
addition, the number of births has declined during the seventies. According to the latest prognosis
from Statistics Netherlands (henceforth called CBS) the number of people aged over 65 will grow
from 2,5 million in 2010 to 4,6 million in 2040; their share of the population will turn from 15 into 26
percent (Van Duin and Garssen, 2010).

37.6 percent of the total amount of 74,4 billion euro that was spend on health care in 2007 was
attributed to elderly (Slobbe et al., 2011). Despite this high share of costs for elderly, the share of the
population aged 65 and older has only limited explanatory power for health care expenditure levels.
The Netherlands Bureau for Economic Policy Analysis (henceforth CPB) for example assumes that the
public expenditure on health care as a share of GDP only increases with 1 percent per year as a result
of aging, whereas a 4 percent increase is assumed to be the autonomous real growth rate (Van Ewijk,
2011). The size of the future effect from aging on health care expenditure is topic of debate. Evans et
al. (2001:1) state: ‘... the direction of the trend is not in question, only the slope’. The growth rate of
elderly as a share of total population is much higher for the upcoming decades than the expected
growth rate for GDP. In the past this was the other way around. Offsetting factors might have played
a role; death rates might have fallen or health might have improved (Productivity Commission, 2005).
After all, spending on health care is assumed to not only bring along costs, but also benefits.

CPB (Van der Horst et al., 2010) has estimated public expenditure on public pensions and health care
by 2040. The costs of collectively provided health care will increase from 10 percent of GDP in 2008
to 13.3 percent in 2040. To compare: the share of GDP on public pensions will increase from 5
percent to 8,5 percent. Continuing rising costs might threaten the solidarity of the health care
system. Simultaneously as demand and expenditure for health care increases, the share of the
potential labour force is decreasing. Already this year many people turn 65 and retire. The potential
number of persons that provide health care services thus declines and a shortage is foreseen. Erken
et al. (2010) for example assume that by 2030 there will be a minimum of 540.000 and a maximum of
750.000 extra health care professionals required. As most health care services are highly labour
intensive, a future shortage might put upward pressure on wages, thereby exaggerating the
expenditure problem.

Within the Netherlands there are large differences with regard to the old-age dependency ratio per
region. Whether or not aging will explain rising costs in the future, on a regional level a possible
shortage of health care professionals needs attention. Expansion of health care capacity cannot be
done overnight and must be projected on beforehand. During an internship at accounting and
consultancy firm PwC in the period April- June it was investigated how interventions like e-health and
chain optimization could increase capacity and save costs. These kind of interventions require
cooperation between various stake holders and are mostly initiated on a regional level. Therefore, it
is important to gain insight in the future regional capacity and to test if interventions might have a
cost- or laboursaving effect. This thesis aims to give a preview for health care capacity on a regional
level if no interventions take place and a more in-depth analysis of the potential problem is done.

The aim of this thesis is to project which provinces’ health care capacity will be insufficient to keep
up with the aging process. This is done via an excel model for which the regional demographic



projection from CBS and The Netherlands Environmental Assessment Agency (henceforth PBL) is the
most important input for the model. Capacity is projected for primary and secondary care
consumption and production. In order to get more insight in the sort of health care consumption,
there is a specific focus on diabetes mellitus. Diabetes is the most prevailing disease in the
Netherlands and its importance is only expected to grow (Van der Lucht and Polder, 2011).

The main research question is: “How does aging affect health care capacity for diabetes services on a
regional level?”

This question can be split up in the following sub questions:
1.How does the aging process evolve on a provincial level?
2.What is the current regional capacity for diabetes care?
3.How does aging affect the demand side of health care?
4.How does aging affect the supply side of health care?

Structure of the thesis:

The thesis consists out of five chapters. After the introduction, chapter 2 will discuss the projected
regional demographic structure which was made by the CBS and PBL. This answers sub question 1.
Then, a selection of publications and literature on the determinants of health care expenditure and
supply of care workers is discussed. The health care market is characterized by restrictions,
heterogeneity, asymmetric information and valuation problems. The literature overview is aimed at
providing insight in the various factors that play a role and what difficulties must be kept in mind
when making a projection.

Chapter 3 explains what methodology is used to make the projection and describes the calculations
step by step. Focus is on diabetes mellitus, which is introduced for the first time in this chapter.
While describing the data and the way in which an excel model was constructed, sub question 2 will
be answered.

Chapter 4 describes and discusses the results and answers sub questions 3 and 4. Also consequences
from assumptions and data problems are discussed and a comparison is made with related studies.

Chapter 5 answers the main research question and concludes the thesis.

It is important to point out that the international literature on health care and aging is very
extensive. The selection provided for in this thesis is not claimed to be complete on the topic and
many of the publications were a starting point for finding other interesting studies.



Chapter 2: literature overview

An approach often used when making projections for health care consumption, is looking at what
factors have determined health care consumption levels in the past and see how these will develop
in future. The aim of this literature overview is to gain insight in the effects of aging and other
determinants on health care demand and health care supply. First, the Dutch health care system and
the expectations with regard to regional aging are briefly described. The different definitions of a
region are explained in the appendix.

Dutch health care system

In 2006 the Dutch health care system was reformed. Market elements were introduced in order to
increase efficiency and temper expenditure growth. There is both private and public insurance. The
Zorgverzekeringswet (ZVW, health insurance act) obliges all residents to buy a standard insurance
package from a private insurance company. In order to prevent risk selection the companies must
accept any participant and are compensated for high risk clients via a risk equalization scheme.
Solidarity is asked between people with a high and low consumption of health care. Low incomes
receive a subsidy on the insurance premium. Residents can voluntarily decide to buy additional
private insurance and there is a minimum compulsory excess. In addition to private insurance that
covers basic medical care, there is also a public insurance aimed at financing exceptional medical
expenses. This law is called Algemene Wet Bijzondere Ziektekosten (AWBZ) and finances long term
care or medical expenses for which private insurance will be too expensive, like nursing home care.

Supply is mainly of private nature and most private institutions have no profit motive. Health care
providers can be categorized in first line, second line and long term care. First line providers are easy
accessible and relatively cheap. For example the general practitioner (henceforth GP) is a first line
care provider. He or she can refer patients to second line care providers, like hospitals and other
institutions. Nursing homes are categorized in the third line providers (Ministry of Health, Welfare
and Sport, 2011). Insurance companies are expected to bargain about prices and volumes with care
providers. Care providers are expected to compete with each other on quality and price. A large part
of hospital care has been standardized in order to decrease the heterogeneity of products and
thereby facilitate the bargaining process. These standardized care packages are called Diagnose
Behandel Combinaties (DBC, diagnosis treatment combinations). The transition from fixed budgets
towards fixed prices so far resulted in declining prices for the freely negotiable part of hospital
production, but also in growing consumption (NZA, 2011).

In 2009 approximately 1.4 million people were working in the health care sector, which makes it the
second largest sector in the Netherlands. Its number of jobs has grown fast during the last ten years;
75 percent of all new jobs were created in the health care sector (Van den Berg et al., 2011). In
future not only new vacancies need to be filled, also the current workers will need replacement. For
a market to clear, supply must be able to keep up with demand.

Regional expectations of aging

A national and regional population projection appears every two year in alternating order. The
regional projection 2011-2040 from CBS and PBL is consistent with the national prognosis 2010-2060
from CBS. For the national prognosis life expectancy at birth for males is expected to increase from
78.8 years in 2010 to 84.5 years in 2040. For females it is estimated that life expectancy at birth will
increase to some lesser degree from 82.7 in 2010 to 87.4 in 2040. Also for people who have already



reached the age of 65 and 80 the life expectancy will keep on increasing. For a 65 year old person the
remaining life time is expected to be about 20 years for women and 16 for men. At the age of 80 the
remaining life years for females are 9 and for males this is 7 (Van Duin and Garssen, 2010).

The combination with relative low birth rates and positive net migration leads to the prognosis that
the population will grow from 16,6 million in 2010 to 17,8 million by 2040. For the regional prognosis
(De Jong and Van Duin, 2011) also domestic migration is an important component. In peripheral
regions the population will grow less fast and for the province of Limburg a decrease of the
population size is expected by 2030 already. In the Randstad, which is the collection of the provinces
Noord-Holland, Zuid-Holland, Flevoland and Utrecht, the population growth will be relatively high.
Within the provinces municipalities can shrink or grow, which causes regional differences on a lower
aggregated level as well. Mostly the peripheral municipalities will experience a population size
decrease (see figure 2.1).

Figure 2.1: Population growth per municipality 2010-2025
source: De Jong and Van Duin (2011: 7)

2010-2025 Changeinthe populationsize

i-10%,+) R
(-10%, -2,5%)
(-2,5%,2,5%)
(2,5%,10%)

(10%,+) 1B

Population per
municipality

© 2011. CBS/PBL

On a national level the number of people aged over 65 will grow from 2,5 million in 2010 to 4,6
million in 2040; their share of the population will turn from 15 into 26 percent. The shrinking regions
are also the areas where the number of elderly will be relatively high. All regions will see the share of
elderly increase, but regions that currently face the lowest level of elderly will be confronted with the
steepest aging process. There can be large differences within a province. The province of Utrecht is
an example of this. The region currently has a relatively low level of elderly people and the share of
elderly will increase in all its municipalities, regardless of whether their population grows or shrinks,
expect for Utrecht (city) and Amersfoort (VNG Utrecht, 2010: 10). Utrecht will be the city in the
Netherlands with the lowest share of elderly as a percentage of the total population: 21 percent in
2040 while for the Netherlands as a whole this will be 26 percent. Not just the share of individuals
aged 65 and older will increase, also the share of individuals aged 75 and older increases. The
potential labour force (PLF, population aged between 20 and 65) already starts declining in 2011; in



2010 its share was 61 percent of the population and it will decrease to 55 percent of the population
by 2030. In Flevoland and Utrecht the size of the PLF still grows, but the share of the PLF of the total
population decreases in all provinces. The demographic developments until 2030 per province are
showed in table 2.1.

Table 2.1: Demographic changes per province until 2030
Source: Statline, 2011a

pop. growth | share of elderly | Relative PLF Relative share of PLF
increase increase

2010-2030 2010| 2030|2007-2030 2010 2030 | 2010-2030 2010| 2030
Groningen 2,8% 31% 51% 165 358.026| 327.700 92 62% | 57%
Friesland 3,0% 17% 27% 173 381.692| 349.600 92 59% | 53%
Drenthe 0,3% 18% 28% 168 | 287.261| 252.800 88 59% | 51%
Overijssel 5,4% 15% 24% 164 | 673.224| 644.100 96 60% | 54%
Flevoland 27,8% 10% 20% 225 239.857| 273.000 114 62% | 55%
Gelderland 2,9% 16% 26% 175| 1.198.572 | 1.101.300 92 60% | 54%
Utrecht 12,0% 13% 21% 163 753.937| 769.300 102 62% | 56%
Noord-Holland 10,1% 15% 22% 157 | 1.665.783 | 1.659.600 100 62% | 56%
Zuid-Holland 9,4% 15% 22% 153 | 2.154.978 | 2.157.700 100 61% | 56%
Zeeland 0,3% 19% 28% 159 222.613| 199.000 89 58% | 52%
Noord-Brabant 5,3% 16% 25% 170| 1.488.306 | 1.409.000 95 61% | 55%
Limburg -2,5% 18% 29% 171 684.078 | 582.300 85 61% | 53%

Determinants of health care expenditure

Health care consumption can be very heterogeneous. As this thesis aims at projecting volume
increases, a distinction between costs and volume must be made. However, most studies look at
total expenditure only. Separately discussing determinants of demand and supply may cause some
confusion, as price, and so expenditure, is a result from the combination of demand and supply. The
basic ingredients for expenditure are, according to Koopmanschap et al. (2010:16): ‘... the number of
people in the need of health services, the duration of service use, the availability of services and the
costs of these services.” These ingredients are a result of many (common) factors and often difficult
to entangle. A series of factors is retrieved from literature and an attempt is made to categorize them
into factors that determine demand and factors that determine supply of health care. These can have

a macro- or microeconomic perspective.

Income

The Netherlands is not the only country facing a rapidly growing share of GDP spend on health care.
A cross country study from Newhouse (1977) showed that aggregate income itself is a major
determinant of high health care expenditure (HCE) levels. From a linear regression of per capita GDP
on per capita HCE for OECD countries it appears that the higher a country’s GDP, the higher its
expenditure on health. Over 90 percent of the variation was explained by GDP (1977: 4). Also, he
found that estimated income elasticity was larger than one. A debate on these results was mainly
about the use of exchange rates to transform the GDP of the OECD countries into dollars and the
meaning of income elasticity, because if income elasticity is larger than one this means that health
care can be regarded as a luxury good. Gerdtham and Jonsson (2000) elaborate on the difficulties
that come along with macroeconomic empirical studies. They mention for example there is hardly
any theoretical basis on which explanatory variables are chosen. Also, the definition of health care
and expenditure levels can differ among countries, which is hard to assess. Therefore finding the




right relationship between variables might be difficult, because it can vary per country. This is for
example the case if a country has a relatively high share of institutionalized elderly, due to
preferences. Missing data on specific variables adds to the problem of a small sample size, which is
common for macroeconomic studies. The use of panel data could overcome this problem and
provides for changes of the variables over time (2000: 19-20). Despite the criticism on Newhouse
(1977), Gerdtham and Jonsson conclude from a large group of successive studies published until
1999, that GDP has a significant effect on HCE. Despite some mixed results that show from their
literature study, they conclude that estimated aggregate income elasticity is at least larger than zero
and close to one, or even larger than one. ‘This result appears to be robust to the choice of variables
included in the estimated models, data, the choice of conversion factors and methods of estimation.’
(2000: 45). Van Elk et al. (2009) provide an overview of more recent studies that were published
between 1993 and 2006. GDP remains an important determinant for HCE (2009:26). In contrast with
the conclusion from Gerdtham and Jénsson they conclude that estimated income elasticity typically
is smaller than one (2009:12). From an empirical study by Barros (1998) it appeared that high initial
levels of health care spending were significant in explaining lower growth rate of aggregate health
care costs. This leads to the idea that western countries converge to a steady state level of health
care expenditure (1998: 537).

Technology

Van Elk et al. (2009: 27) also discuss why GDP can be related to HCE so strongly. Is there a latent
need for health care which an increasing GDP solves for? Or is there induced demand because new
technologies become available and an increasing GDP allows for these technologies to be used. But it
could also be argued that an increasing share spend on health care leads to a better health status of
the population, higher productivity and an increasing GDP, though that relation is less obvious
nowadays than it was a hundred years ago. Koopmanschap et al. (2010: 12) regard GDP as an
enabling determinant on population level, which implies that a higher GDP gives room for more
health care consumption. Not just GDP, but also medical technological progress is considered to be a
very important determinant in explaining health care costs. There are two ways empirical studies test
for technological progress; via growth accounting technique or by using a proxy for technological
change. Growth accounting technique was for example applied by Cutler (1996) who found that half
of the increasing HCE between 1940 and 1990 for the United States was left unexplained by
demographic changes, income, share of the population with insurance, labour productivity,
administration costs and inflation of factor prices. This remaining fifty percent of the variation could
be attributed to medical technology (1996:3). His rationale for this conclusion was that the low price
elasticity for health care services expressed by individuals, easily leads to the use of new
technologies. This is an incentive to develop even more technologies and reinforced the effect of
technology on costs. The assumption that the residual is representing the effect from technology can
easily lead to an overestimation of technological progress. Other authors tried to measure
technological progress by measuring the spending on R&D or by constructing some index for
technology. Okunade and Murthy (2002) found a positive and significant effect from health related
R&D on per capita HCE between 1960 and 1997 in the US. Daidone and Baker (2011) created a
technology index, by a weighted construction of hospital services, and estimated its effect on
hospital costs in the period 1996-2007 for the US. The authors corrected for time trends and hospital
characteristics, and found the index to have a positive and significant effect on hospital costs (2011:
10). Blank and Van Hulst (2009) measured the impact from technology on Dutch hospital costs for
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the period 1995-2002 via index numbers. The index numbers were specific for clusters of technology,
for example ICT. For some clusters a positive and significant effect was found, while for other
technology appeared to be cost-saving (2009: 678). In general technology is assumed to increase
productivity and to have a costs-saving effect, but in health care economics it is assumed that
technology leads to increasing costs. Van Elk et al. (2009: 27) assume technology to be merely an
addition to the current array of possibilities rather than a substitution.

Institutions

Besides GDP and technology, also institutional factors seem to matter. Capturing the design of a
health care sector into variables might be difficult, as countries have mixed institutional
arrangements. It should be kept in mind that some settings are a result of high HCE rather than a
cause, for example if budget ceilings are installed to contain costs. Gerdtham et al. (1992) shed light
on the effect of institutional variables on HCE differences among OECD countries by including a set of
dummies for institutional characteristics. The results are discussed in the overview article from
Gerdtham and Jonsson (2000). Lower health care expenditure levels were observed if primary care
acts as a gatekeeper. Also, cost-reimbursement, the absence of a fee-for-service remuneration
system and low levels of public sector provision of care coincide with relatively low levels of health
care costs (2000: 48).

Supplier-induced demand

Some institutional effects are a result of the peculiarities of the health care sector. One of these is
the difficulty to make a distinction between demand and supply. This is due to the information
asymmetry between patients and doctors. Also, prices are not that important for individuals who
need health care. Léonard et al. (2009) reviewed twenty-five empirical studies to investigate the
impact of the density of doctors on the level of health care consumption. They concluded that an
increasing number of doctors in general leads to a growth in the volume of services provided. Pomp
(2009) investigated the supplier-induced demand effect in Dutch hospital care and shows that supply
elasticity lies between 0.1 and 0.25, depending on the type of service. Its implications for
macroeconomic levels of health care expenditure can be large. Pomp (2009) for example calculates
that, given that the estimate of supply elasticity is correct, total health care consumption could
decrease by 1 percent if the number of specialists is limited in the regions where a disproportionate
number of specialists per capita exists (2009: 80). Up-coding is related to supplier-induced demand.
In case of up-coding specialists choose a more expensive treatment than necessary for the patient,
leading to price inflation. In an empirical study for Dutch hospitals by Hassaart et al. (2006) a sign for
up-coding is perceived, but it is mentioned by the authors that the dataset does not allow for
drawing a firm conclusion, because recent instalment of DBC’s might have caused a transition effect.

Relative price

The health sector is also characterized by its labour intensity. While other sectors apply capital in
order to increase productivity, for health care this works differently. As wages in the health care
sector are keeping up with wages outside this sector in order to be attractive for workers, relative
labour productivity in the health care sectors lags behind. This leads to a relative high price for health
care services and is called Baumol - effect. Van Elk et al. (2009: 14) mention literature that
investigates relative prices. ‘The available evidence for OECD-countries seems to suggest that an
increase in the relative price of health care causes larger real health care expenditures and a lower
volume of health care’ (2009: 14). The authors also perform their own analysis of per capita HCE for
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eight OECD countries in the period 1970-2003. Relative prices might give more insight in the volume
and price part of increasing HCE levels. A consumer price index (CPI) on health is only provided by for
some countries and therefore the authors constructed health price levels themselves by combining
wage levels and general CPI (2009: 37). Other explanatory variables are real GDP per capita, share of
population aged 65-74 and 75+ and the share of costs that is publicly financed (2009: 36). They found
a positive and significant effect of relative prices, both on the long run and for the Netherlands and
many other countries also in the short run. The authors explain that a relatively large effect might be
the result of fixed budgets during some time periods (2009: 31). Okunade et al. (2004) found positive
growth rates for relative price during the period 1986-1997 for a panel dataset of 25 OECD countries.
Only for the sub period 1993-1997 negative rates were found. Other variables included to explain the
growth rate of real per capita HCE were initial level of health care expenditure, GDP growth, growth
of relative supply of doctors, growth rate of share of elderly and children and growth rate of the
public share of health care spending. Also some dummies for institutional settings were included.
The growth rate of relative price levels had a significant and positive effect on the growth rate of
health care expenditure during the periods 1973-1977 and 1993- 1997, and for the entire period
1968-1997 (2004: 179).

Elderly as a share of the population

Average health care costs tend to increase with age. For the Netherlands Poos et al. (2008: 25)
constructed such an age profile by attributing health care costs to age groups for the year 2005.
Costs are defined by the Zorgrekeningen, which is a broad statistic from CBS that covers not only
public spending on care, but also for example private payments and child care. As the elderly have
relative high health care costs, an increasing share of elderly is expected to increase HCE
considerably. Many macroeconomic empirical studies insert aging as an explanatory variable, both
for HCE levels and growth rates. Gerdtham and Jénsson (2000) review a series of empirical studies
for aggregate HCE and conclude: ‘The effects of population age structure (..) are usually
insignificant.” (2000: 46). Van Elk et al. (2009: 28) however do find that six out of eleven studies
published between 1994 and 2006 found a positive and significant effect of aging on HCE or growth
rate. Also in their own study they found that a higher share of both the people aged between 65 and
74 and people aged 75 and older significantly lead to higher health care expenditure levels. The
Productivity Commission (2005), which is an advisory board of the Australian government, provides a
literature overview of empirical studies on aggregate health care expenditure published between
1990 and 2003. They mention that overall aging is not a significant variable, especially not when
income is included as well (2005: 6). They come up with several reasons for the limited effect of
aging in empirical studies. First, the pace of the aging process could have been relatively low in the
past compared with the growth rate of GDP, thereby being easily overwhelmed by GDP growth. The
growth rate of the share of individuals aged 65 and older per year from 1960-1990 was relatively low.
For twenty OECD countries the authors present an (not weighted) annual average rate of 0.9
percent. For the period 1999-2050 the expected (not weighted) annual growth rate of the share of
elderly for these countries is 2.7 percent (2005:7). In the future this higher aging rate might not be
overwhelmed by GDP so easily anymore. Secondly, the limited explanatory power of aging on HCE in
the past could be due to decreasing morbidity as a result of healthier life style. For example if less
people smoke. This might have shifted the age profile downwards and thereby decreased the aging
impact. A third possible explanation is that spending might have been constrained in order to save
costs, which offsets the effect of aging. Also, the definition of health care per country or time period
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matters. If costs for a type of health care that is typically consumed by elderly are not included in
total HCE, the effect from aging is less severe. Final remark made by the Productivity Commission is
that falling death rates might have reduced the expected impact of aging because it shifts the age
profile to the right (2005: 6). If the share of elderly has increased mainly due to longevity, the impact
from this type of aging is not as large as expected due to the ‘red herring’ effect that will be
discussed in the next section.

Age

How can falling death rates shift the age profile to the right and decrease the expected aging effect
on HCE? The reasoning is retrieved from insights on the microeconomic relation between age and
average health care expenditure. Average health care costs that increase with age are often
considered to represent the underlying relation between mortality risk and health care costs. in
figure 2.2 the graph from Zweifel et al. (1999: 486) is provided and it can be observed that mortality
risk and health care expenditure move together to a large extend.

Figure 2.2: Health care expenditure per age and mortality rates
source: Zweifel et al. (1999:486)
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The authors suggest: ‘the observed relationship between age and HCE is in fact a relationship
between increasing age-specific mortality and the high cost of dying.’(1999:486). This idea got fed by
the observation that costs per age group are highly different for people who are in the last period of
life and people who are not. They are called decedents and survivors. Yang et al. (2003) described the
relation between age and expenditure per month for Medicare beneficiaries in the US aged 65 and
older. Decedents and survivors were considered separately, but also together. For decedents the
costs are attributed to the last months of life in the year before dying, for survivors the time until
censoring is used. Results showed that decedents on average were older than survivors and had a
larger share of widowed individuals (2003: 5). Average costs per month were higher for decedents,
notwithstanding the type of health care that was considered. Polder et al. (2006) analysed a large
dataset on health care consumption from 2,1 million individuals in the Netherlands that also included
consumption of nursing home care. In 1999 the ratio of costs for decedents per costs for survivors
was 13.5 (2006: 6). If health care costs are determined by whether an individual is close to death or
not, health care costs for decedents should not increase with age at time of death. Yang et al. (2003:
7) and Polder et al. (2006:7) show that health care costs for decedents tend to decrease with age at
time of death. When time to death is taken into account, monthly expenditure increased steeply in
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the last six months of life. Polder et al. (2006: 8) show that decedents and survivors show a different
age pattern for cure and care (see figure 2.3).

Figure 2.3: Average costs per age group for decedents (D) and survivors (S)
in 1999 for the cure and care sector.
Care does not include elderly care, but does include nursing home care.
source: Polder et al. (2006: 8)
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Decedents’ costs are higher than costs for survivors at all ages. For cure the ratio of costs for
decedents per costs for survivors decline over time. Polder et al. also observed a large deviation in
costs for decedents in general, which made them think that the cause of death would matter as well.
Costs of dying from a heart attack or injuries are relatively low, due to their unexpected appearance.
Dying from cancer causes the highest share of costs both on an aggregate level and among
decedents. Costs for dying from cancers also showed the largest deviation (Polder et al. 2006: 6).
Given the observations of highly different costs for decedents and survivors, Koopmanschap et al.
(2010) mention that there are two types of studies to test for the relation between age, mortality risk
and HCE: studies that look at health care costs for decedents only, or studies that look at HCE for
decedents and survivors. Both try to shed light on the relation between age and health care costs in
order to answer the question: will costs rise with age as people live longer?

Zweifel et al. (1999) published a study that was a starting point for the debate on whether aging can
be considered as a ‘red herring’ for health care expenditure growth, or not. The authors tested the
effect from mortality and age on health care expenditure for decedents. They used two datasets
from Swizz health insurance companies that cover the periods 1981-1992 and 1991-1994 in order to
observe the costs for consumers that died within a period of 2 and 5 years respectively. The
probability that an individual consumes health care services increases with age. Individuals with zero
consumption were excluded, which makes average health care expenditure per capita conditional.
Age, gender and a dummy for additional hospital insurance were included as explanatory variables
and the inverse of the Mill's ratio was included to correct for a possible bias as a result of the
conditionality on positive health care consumption. Time to death was taken into account via a set of
dummies for each quarter and year of the period before dying. The first dataset shows that age and
time to death had a significant and positive effect on health care costs of decedents two years before
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death. Age was not significant for elderly decedents (1999: 488). Time to death has a positive and
significant effect on costs, irrespective of whether the entire group of decedents was observed or
only elderly. Similar effects were found when looking at the period five years before dying for elderly
decedents; age was not significant in explaining costs, while the dummies for the last seven quarters
of life were. In order to properly describe the change in health care costs during the last quarters of
life, a polynomial functional form was tested. Zweifel et al. conclude: ‘These results suggest that the
terminal phase of life is costly independently of whether they occur at age 60 or 90." (1999:493).
With this publication the debate on whether aging is a red herring was born. The proponents of the
red herring theory state that the aging effect on future health care expenditure is overestimated,
because longevity will move the high costs at the end of life to higher ages rather than increase costs
with age.

Salas and Raftery (2001) had some comments on the methodology. First, they think an endogeneity
problem is present because health care consumption can affect time to death. Zweifel et al. (1999)
treat time to death as a weakly exogenous variable. According to Salas and Raftery this “ ... implies
that HCE in a given quarter cannot effect closeness to death in that quarter. ... [and] it raises the
guestion why such care is sought (and provided) in the first place.” (2001: 670). Secondly, there might
be multicollinearity between the variables age, age square and the inverse of the Mill’s ratio because
the latter one results from an analysis that used age and age square as explanatory variables as well.
As a result the coefficients for age and age square in the analysis of health care costs might be too
low (2001: 671). Zweifel et al. (2004) took into account these remarks and made another publication
on the effect of time to death. Survivors were included in the data in order to see if age and time to
death would have a different impact for decedents and survivors. They used observations for HCE in
one year only and (estimates for) time to death as explanatory variable in order to overcome the
endogeneity problem (2004: 653). A two-part model was used for selection of individuals that
consumes health care in order to get rid of the inverse of Mill’s ratio. Data again came from Swizz
insurance companies. One set covers health care costs for decedents, the other covers data both for
decedents and survivors. A significant and positive effect from age is found on health care costs for
survivors, but again its effect becomes insignificant once time to death is taken into account (2004:
665).

Other studies confirm the findings from Zweifel et al. (1999). A frequently mentioned study is the
one from Seshamani and Gray (2004: 303-314) in which the authors found a significant effect from
time to death on quarterly hospitalization costs in the UK. They replicated the study from Zweifel et
al.(1999) with data on hospitalizations for individuals aged 65 and older who died between 1970 and
1999. These were matched with data on hospital costs for the period 1997 to 1999. Individuals with
zero hospitalizations were excluded via a two-part model which was extended with several variables
like marital status. The probability of being hospitalized was significantly affected by age and time to
death. For quarterly health care costs time to death was positive and significant three years before
death. However, in contrast with Zweifel et al. the authors found that for males in the age group 65-
85 age also had a significant effect on hospital costs. The authors state this is due to the observation
that until the age of 85 the probability of being hospitalized increases with age. Afterwards this
probability decreases as there is a substitution effect with other types of care like elderly care.

Where these studies only considered total costs or cost for the cure sector, other studies looked at
whether time to death is of importance for other types of health care as well. Spillman and Lubitz
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(2000) find for the US that costs for long term care will develop differently as a result of longevity
than the costs for acute care. In the last two years of life the estimated costs for Medicare services
(cure) will decrease with age at death, whereas for nursing home care expenditure increases (2000:
1412). A person dying at a very high age might have cost as much or even more on nursing home
care than on Medicare. This leads to the observation that total health care spending does not
decrease with age at time of death, but even increases (2000: 1414). With simulating future health
care expenditure for two cohorts, which includes expected longevity, the authors show that though
longevity will cause long term care cost to increase, this effect will not be as dramatic as the effect on
costs from the increased number of elderly (2000: 1413). Stearns and Norton (2004) also investigated
the relation between age and health care expenditure and calculate that there is a positive bias from
omitting time to death from health care expenditure projections for future cohorts, as the
diminishing effect from longevity is ignored. They calculate that the projected expenditure when
ignoring time to death and using current life tables will be 9 percent higher than if time to death is
taken into account. If expected life tables for 2020 are used, the bias even increases to 15 percent.
This leads to the often repeated phrase by other authors, that ‘it is time to include time to death’ for
projection of health care expenditure (2004). Werblow et al. (2007) discern the aging effect for
health care expenditure while distinguishing seven types of services and conclude there is a ‘school
of red herrings’. The categories were ambulatory care (e.g. physician visits), nursing home care,
home care, hospital inpatient care, hospital outpatient care, prescription drugs and other types. Data
is used from Swizz insurance companies. For all types the costs for decedents exceeded those of
survivors. Also, both groups had most costs on different types of services. For the decedents most
costs were made for inpatient hospital care and nursing home care, whereas for survivors most
money was spend on ambulatory care and prescribed drugs (2007: 1112). Analysis of the costs
differences showed that, for all types of services, time to death was a significant variable for
explaining costs (2007: 1125) and its impact decreased with age (2007: 1120). The age profile for
consumers of long term care (aggregation of nursing home care and home care) however, was
different from the other types of care (2007: 1118). As a result, for long term care both age and time
to death are considered as important and significant variables explaining costs. Actually dying did not
have impact on costs of nursing home care, while for acute care dying did have an impact. The
authors conclude: ‘the one exception to the rule [that age is insignificant in explaining health care
expenditure] seems to be acute care provided to long-term care patients regardless of whether they
end up dying or surviving’(2007: 1125).

Wong et al. (2011) investigated whether time to death still has a significant effect on hospital costs if
costs related to specific diseases are investigated. The authors argue there is a ‘carpaccio of red
herrings’. Data from Dutch hospitals was used to test for the influence of time to death on hospital
costs for 94 disease groups (ISHMT categories) and eight diseases in specific. From their study it
appeared that ‘... proximity to death is not a good predictor for high hospital HCE for all diseases ...
(2011: 389). This observation is based on the ratio of decedents/survivors for each disease. If for a
certain disease this ratio is significantly smaller than one for most ages, proximity to death has less
influence on the HCE. Diseases known for their lethality show the highest ratio of decedents and
survivors at all age groups (2011: 389-391). Ratios which are greater than one, but still not as large
for the typically lethal diseases like cancers, may indicate that once the acute event is survived, the
disease changes into a chronic disease. This is for example the case for heart failure. Curable diseases
and chronic disease have ratios smaller than one. For most diseases the pike of the ratio is around
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the age of 50 (2011: 393-394). The successive age ratios measure the effect of age. It is a ratio of
current health care expenditure per expenditure from five years ago (2011: 386). If the successive
ratio for a disease is significantly larger than one, age has an effect on the specific health care
expenditure. But for most diseases the ratios are rather modest. The authors conclude that time to
death is a better determinant for hospital HCE than age, but it is only a rough measure of declining
health. ‘Conditional on having a disease and utilizing care for it, as the severity of disease is greater
towards the end of life, treatment is in most cases more intensive in the last years of life’(2011: 396).
Furthermore, the authors suggest that because costs can be very different per disease, disease
specific determinants of HCE can be used for taking into account epidemic transitions when making
projections (2011: 397).

Health

Time to death proved to be a better determinant for (acute) health care expenditure than age. But
will morbidity in turn have even more impact on HCE than time to death? Polder et al. (2006: 10)
describe that the share of costs that can be attributed to the last year of life for elderly increases
with age. Despite the importance of time to death for HCE, still only 11,1 percent of total health care
expenditure in 1999 could be attributed to the last year of life and the authors state that the greatest
part of costs is left to be explained by morbidity.

Dormont et al. (2006) observe an upward shift in the age profile during the period 1992-2000 for
France and show that time to death became insignificant in explaining the increase in health care
expenditure once morbidity was taken into account. An exogenous variable to measure for morbidity
was, according to the authors, the prevalence of chronic diseases, because they cannot be cured and
health care consumption will not affect the onset. The effect from morbidity on health care
expenditure was negative (-9.7 percent), which means that health has improved. A change in
practices, which include technological progress and changing preferences, was another important
variable in explaining the increase in HCE (12.9 percent). Demographic changes lead to a 3.4 percent
increase in costs. De Meijer et al. (2009) even ask if it is ‘time to drop time to death’ for projections
of long term care costs. Long term care costs consists of institutional elderly care and public home
care. When explaining expenditure levels on long term care for Dutch individuals aged 55 and older,
time to death became insignificant when disability and morbidity were taken into account. This
suggests that both age and time to death are proxies for morbidity. The fact that age continued to
have a significant effect on home care made the authors argue that either the application procedure
or the morbidity measure is imperfect (2009: 19). Morbidity was measured by cause of death, self-
reported health status, mental health, having a chronic disease and history of hospitalizations
(2009:8). Disability was measured by Activities of Daily Living (ADL) and mobility (2009:8).

Manton et al. (2007) describe the relation between disability prevalence and Medicare costs for the
US in the periods 1982-1999 and 1989-1999. Disability was measured by the number of ADL’s and a
set of Instrumental Activities of Daily Living (IADL) that an individual needed help on for a period of at
least 90 days. Also some physical and sensory limitations were included and variable describing how
much difficulty an individual had with performing some physical tasks (2007: 362). They find a
declining disability trend and expect from a continuation of this trend that it will decrease Medicare
spending. The authors assume that the increasing share of obese people will not have large effects
on the morbidity development in the US. Also, the authors believe that for elderly obesity will not
have such a large impact as on the young (377).
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For the Netherlands the health status has dramatically improved over the last decades, but health
care expenditure have kept on increasing (Van der Lucht and Polder, 2011). When looking at
determinants of health care expenditure, simply looking at the presence of diseases will not explain
why health care costs as a share of GDP have been increasing (Van Ewijk, 2011). The health status of
the population, and in particular of the elderly, has changed over time and caused life expectancy to
increase. Also, the sorts of diseases and disabilities have changed over time. The National Institute
for Public Health and the Environment (RIVM) refers to this as an ‘epidemic transition’ (Van der Lucht
and Polder, 2011). The increasing level of welfare diminished the possibility on dangerous infections,
but brought along prevalence of what appeared to be risk factors for cardiovascular diseases like high
blood pressure and cholesterol. In the past survival chances for people with cardiovascular diseases
were relatively small, because only when serious complications were already present, the disease
was diagnosed and treated. Nowadays, coronary heart disease for example is considered to be a
chronic disease and survival chances have increased, due to earlier diagnosis and improved medical
treatment. Other positive factors are a healthier lifestyle, less smoking, preventive drugs for example
for high blood pressure, new operation techniques like bypass surgery and faster organization of
health care in case of heart attacks or strokes. Due to the extra life years per person there is an extra
risk on developing diseases that ‘did not get a chance to develop’ in the past. Cancer is such a
disease. It has even replaced cardiovascular diseases as the major cause of death (Van der Lucht and
Polder, 2011). Death statistics however need to be interpreted with great care. Often it is difficult to
determine what disease an individual died from, because especially elderly often suffer from multiple
diseases at the same time.

Determinants of health care supply

Manpower in health care is expected to fall short in providing the amount of services demanded for
in the future. Demand and supply of manpower will determine wage levels and number of jobs. A
shortage in non-economic terms is simply expressed by the need for extra care workers. This can be
solved by increasing the supply of physicians or decreasing demand for them, but this approach
ignores market efficiency. In a complete free moving market shortages are expected not to persist in
the long run. If supply of services does not meet demand, wages must adapt in order to move back to
equilibrium. But wages cannot always move freely as there may be price ceilings, and supply of
manpower may be too little because training for providing services is legally required. A positive
shortage can be measured by the amount of services that is not provided, or by the number of extra
persons needed. A short term shortage arises during the movement towards a new equilibrium. A
long run shortage may result in waiting lists or decreasing quality of care (Feldstein, 2005: 331-333).

Feldstein (2005: 336) describes how Lee and Jones (1933) were the first to measure the shortage of
manpower by looking at a doctor’s tasks and the time spend on those tasks. With these they
calculated how many tasks can be performed by one fulltime working individual. The difference
between the current and required number of doctors is a measure for the shortage. This method
does not take into account possibly changing circumstances that affect the required services,
increased labour productivity or shifts in tasks among different type of health care professionals.
Another method of measuring a shortage is by looking at the current manpower/ population ratio.
The shortage is measured by the difference in the current ratio and the future ratio. This is a result of
demand and supply; it is an equilibrium situation. Simply trying to modify this ratio ignores the
underlying mechanism. Aging or life style changes may affect relative demand and thereby change
the required ratio. Another issue is that the ratio says nothing about the price of services. Again,
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changes in productivity are ignored (2005: 337-338). Feldstein also considers that manpower
shortages can be calculated via looking at the rate of return. If the return on training from medical
schools is lower than return on an economics study, a shortage of medical school students is
expected. Efficient market believers expect a shortage can only be temporary, but if there are market
failures (price regulations, entry barriers) a static shortage may be present (2005: 340).

Wages are important for the determination of manpower supply. Both scarcity and increased
productivity lead to increasing wages. Productivity in the health care sector lags behind other sectors
of the economy, which increases the relative price of health care services. Erken et al. (2010) write
that average annual labour productivity growth in the period 2000-2007 was 2.2 percent, whereas
for health care sector this was -0.4 percent. For their medium term projection 2011-2015 the CPB
assumes that labour productivity in health care will annually grow with 0.4 percent. Therefore, Erken
et al. (2010) assume that annual labour productivity until 2030 will lie somewhere between 0 and 0.5
percent. They state that the expected demand for manpower is determined by combining the
development of health care production with the expected labour productivity growth. They calculate
that a minimum of 540.000 and a maximum of 750.000 extra health care professionals are needed by
2030. As this required labour needs to flow from other sectors towards health care, there will be an
effect on the economy. Each year the economy will miss out on 10 percent of the economic growth
of 1.5 percent. By 2030 it will even increase to 15 percent per year (2010: 726-728).

Just like for health care demand, GDP is considered to be an important determinant for supply of
medical manpower as well. Growth of GDP correlated with the growth of health care supply for
many western countries in the period 1960-1998. But most of the growth took place for supporting
personnel and thereby the share of physicians has decreased (Cooper et al. 2011: 143). Both
longitudinal and cross section data showed the connection with GDP. Not for all specialties the
relation was the same when considering cross section data from 1995. Medical specialties where
mostly responsive to income effects. GP supply showed a slightly negative relation with GDP per
capita. The macroeconomic trend for aggregate number of physicians showed that a one percent
increase in GDP resulted in a 0.75 percent increase of physician supply (2011: 143-145).

Manpower can be considered as (the major) input for health care services. Differences in the
availability of manpower for several types of health professionals may lead to a changing
composition of manpower input for providing services. Therefore, efficiency gains can be retrieved
by allocating tasks to a more abundant type of health care professional. Cooper et al. (2011: 147-148)
mention in that non-physician clinicians (NPC) take over tasks from physicians. This becomes more
important as legal restrictions disappear and the number of NPC’s increases. They work mostly in
primary care where their substitution effect is largest, but they are needed more in non-primary care
where their substitution effect will be smaller (2011: 147-148).

Also substitution with informal care delivers is possible. Lakdawalla and Philipson (2002) investigated
how come that in the US from 1971 until the nineties the growth rate of nursing home residents has
declined while the number of elderly kept on increasing. They state this is because ‘... aging may
actually decrease the per capita demand for market care if it raises the supply of nonmarket care
produced by other elderly persons’ (2002: 296). The availability of informal care increases if there is
healthy aging and differences in life expectancy between males and females decrease. Typically
males die earlier than females, but if the difference in life expectancy decreases, there will be more
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husbands and wives alive simultaneously that can take care of each other. An increase in the ratio of
males/females with 10 percentage points leads to a decrease in the share of nursing home residents
by 16 percent (2002: 297).

Cooper et al. (2011) use a macroeconomic approach for projecting the future number of physicians in
the US until 2030. They use long term trends that determine the supply of physicians. Those are
economic growth, population growth, work effort of physicians and services provided by non-
physician care workers (2011: 142). The estimation starts with the current number of physicians and
the utilization of their capacity. For reasons of simplicity the number of graduated students from
medical school is assumed to be fixed and retirement patterns do not change. The total number of
physicians will grow, but the population will grow even faster, and the ratio of physicians per
individual slightly decreases (2011: 146-147). This ratio must be adapted by the change in a
physician’s work effort, because the average age increases and this is believed to slow down
productivity. Also the share of physicians that work part-time increases. Both factors decrease
effective supply. The ratio of physicians per head of the population is also adapted for the shifts in
services among several type of health care professionals (2011: 147-148). This substitution effect
overwhelms the effect from less work effort and decreases the shortage.

Dynamics and projections

Koopmanschap et al. (2010: 19) mention in the introduction of their overview paper of health care
expenditure factors that the relations have proven to be dynamic ones. As aging is a specific
circumstance, they believe it affects all determinants and relations. The several determinants are
categorized into illness/need, predisposing, enabling and societal. Variables can influence health care
expenditure from an individual or societal level. Predisposing variables describe what characteristics
of individuals lead to a more frequent prevalence of diseases. They are age, gender, household
composition and socioeconomic status. Enabling variables are factors that will influence the decision
by individuals to consume formal health care, or not. If, for example, a spouse exists, there is less
demand for institutional elderly care. Societal variables include for example technological progress.
All are summarized figure 2.4. Variables might not be exogenous and constant. Simply applying
formulas that explained health care expenditure in the past to new situations, will not automatically
lead to a good projection.

Figure 2.4: Variables that affect health care expenditure in an aging society
source: Koopmanschap et al. (2010: 12)
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In choosing the right determinants for a projection, the level of aggregation matters. The more
aggregated, the smaller the impact from health and morbidity and the larger the impact from GDP.
Forecasts on total expenditure therefore need to be made on a macroeconomic level, as it is the
government that decides the budgetary restriction. If consumption of services is of interest, this
would mean that a forecast on individual level must be made, as individuals determine the
composition of services demanded for (Getzen, 2006).

Variables must not only be chosen with an eye on the level of aggregation, also the time horizon of
the projection matters. Getzen (2000) discusses requirements for projections on a short term (1
year), medium term (5 years) and long term (50 years). For a short run projection, allocation of
spending will change rather than aggregate spending itself. The variables that will change will be
fairly predictable, partly because for example wages are fixed for some period. Most important
variables to look at when projecting next year’s health care expenditure are employment rate
growth, because this is committed on ahead, and the inflation rate. ‘Adding [...] extra variables and
details into a forecast model will tend to make it more complicated but less accurate’(2000: 60).
Important shocks for the individual will be absorbed by the group and have no significant impact on
the aggregate level. The simplest and best way for a one year forecast is by assuming an expenditure
increase at the same rate of last year’s. Getzen mentions three reasons why external variables can
best be ignored for short term forecasting: 1) variables that vary per person, but balance out overall
like births. 2) Variables that show a difference too small from the current trend to have an impact on
expenditure, like aging. 3) variables that are constrained by appointments that have already been
made, for example technology acquisition (2000:61). In the medium run variables like wages are not
so easily predicted anymore. Getzen suggests to look at the underlying factors. The effect of inflation
on the medium run can best be considered neutral and as population growth affects the projected
costs, HCE can best be expressed in real per capita expenditure. Also, budget restrictions by
aggregate income will play a role. Getzen states that the growth rate of aggregate income is probably
even the only variable that matters for projecting HCE and other variables will add no value (2000:
63). Technology will not bring about revolutionary changes on medium run. Also institutional
changes are implemented only gradually. For the long run projection these factors however do
matter. For such a long time period a shift towards other institutional settings or an epidemic
transition can take place, which is hard to foresee. Health care expenditure can best be expressed in
share of GDP (2000: 63). Getzen states that ‘The task of forecasting the long run thus is both more
difficult (because there is so little to go on) and easier (because there are only a few major underlying
factors to consider).”(2000: 64). Rule of thumb is that the time period of data analysed to predict
future costs must be three times as large as the horizon of the projection.

21



Chapter 3: Methodology

Because costs and prices come into existence on a national level, the regional projection for health
care capacity looks at volumes instead of expenditure. Capacity is determined by actual production
of health care services and required production. The focus on volumes makes it easier to calculate
capacity, because price and volume effects do not need to be entangled. Demand will be leading in
calculating the required production (see also the conceptual model in figure 3.1). This is facilitated by
current institutional settings, in which there are fixed prices instead of fixed budgets. Labour is a
major input factor for the production of health care services. Therefore, the shortage is expressed in
number of individuals and fte. It is assumed that GDP will be sufficient in a way that there are no
financial boundaries for the development of consumption and production.

Figure 3.1: Conceptual model
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Current demand = Current demand =
current supply current supply
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The demographic structure, that is age and gender, will serve as a predisposing variable in the model.
Furthermore, morbidity is a variable in the model. In order to decrease the heterogeneity problem of
morbidity, the preview is focusing entirely on diabetes mellitus. This also gives the opportunity to
capture epidemic changes, like the increasing number of obese individuals, since prevalence of the
disease is heavily influenced by life style factors. Diabetes is the most prevalent disease and it is
expected that it will stay so in the future. Relatively a lot of information is available about the
disease. Also, it is the most prevalent chronic disease, and chronic disease are expected to grow
importance for health care consumption in the future (Van der Lucht and Polder, 2011). According to
Dormont et al. (2006) the prevalence of a chronic disease can serve as an exogenous variable for
health care expenditure, because health care consumption has no impact on its onset. Diabetes
mellitus indeed is a disease that cannot be cured, though health care services do have an impact on
when (lethal) complications will arise. Also, the focus on diabetes mellitus gives the possibility to
investigate the effect from prevention and other interventions on development of demand and
supply of health services, which was important for the PwC research. Disadvantage from focusing on
one disease only is that it becomes more difficult to project the number of suppliers for specific

services.

For this thesis there was no suitable data available to do a regression analysis in order to estimate
the impact from various factors on future consumption and production of health care services.
Therefore, all relations and factors are derived from various publications and the impact from
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determinants that were mentioned in the literature overview is assumed to be zero, except for
diabetes prevalence and age and gender. The projection period is chosen to run until 2030. The
starting year is between 2007 and 2010, depending on the availability of data. This is a relative long
time projection horizon and following Cooper et al. (2011) and Getzen (2000) long term trends like
economic growth and population growth or income per capita and health system structures could be
used as variables. However, despite the long projection horizon, the level of aggregation is very low
and these variables will have not so much impact on consumption. Since the preview is performed on
a regional level and interest is in a potential difference between development of consumption and
production. Just like was advised in Getzen (2006) for such a low level of aggregation, a bottom up
method from the level of the individual will be used. An important disadvantage of a bottom-up
approach is that small deviations can have large consequences when results are levelled up. When
possible, regional data is used, but often regional values are estimated.

The conceptual model (see picture 3.1) assumes that currently demand and supply of diabetes care
services are in equilibrium; there is no latent demand for health care services and there are no
surpluses or shortages with regard to manpower. Though it is assumed that consumption and
production are currently in equilibrium, it is not predicted to what equilibrium the expected
divergence for the development of consumption and production until 2030 will lead. As Feldstein
mentioned that in an efficient market no long term shortages exist, the predicted shortage in 2030
can be regarded to arise in an inefficient market. It will be discussed in chapter 4 how market
efficiency can influence the developments. The result for consumption, production and required
production in 2030 will be given for an inefficient market.

Consumption and production will be measured via indicators for GP care and hospital care (see table
3.1). The reason for choosing an indicator for GP care is that quite recently for diabetes a chain-DBC
has been installed. In these chain-DBC’s the health care package for ‘non-complicated’ diabetes
patients is described according to the NDF care standards. The GP can decide to outsource some
parts of this care package, like for example a food control to the paediatrician. Also, primary and
secondary care providers should cooperate more intensely as a result of the chain DBC (Struijs et al.
,2009). But, as diabetes also leads to severe complications like ischemic heart disease, blindness and
kidney failure, also an indicator for hospital care must be used. Consumption of GP-care and hospital
care is described by the number of patients with at least one GP contact for diabetes per year and
the number of clinical care days for diabetes. The most important reason for choosing them is
because there is hardly any other data available, especially on a regional level. Also, clinical
admissions are of major importance for hospital expenditure (Slobbe et al. 2006) and therefore
clinical care days are assumed to be a good indicator for hospital consumption.

Table 3.1: Indicator overview

Consumption Supply
GP care Number of patients with at least one GP contact | GP fte on diabetes
per year.
Hospital care Number of clinical care days for diabetes Specialist fte on diabetes

Long term care like elderly care is not included in the projection, because there was simply too little
information about elderly care consumption for diabetes patients is available. When focusing on a
specific disease, it makes more sense to analyse GP care and hospital care than long term care,
because for long term care the limited ability to take care of oneself or some physical shortcoming
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causes demand for this type of care, and the specific disease one suffers from is of less importance
(Wong et al. 2008: 43).

Current and future consumption

The World Health Organization (WHOQO) defines Diabetes Mellitus (henceforth called diabetes) as a
chronic disease due to malfunctioning of the pancreas in producing insulin and / or inability of the
body to efficiently make use of insulin. Insulin is a hormone that processes the amount of sugar
(glucose) in the blood in order to create energy for the cells. So far, there is no cure for the condition.
Some different types of diabetes exist, but the most important ones are type 1 and type 2 diabetes.
The first group of patients simply cannot produce (a sufficient amount of) insulin. Type 1 diabetes
cannot be prevented and often starts at a young age. Type 2 patients cannot make efficient use of
insulin. This type of diabetes is believed to be preventable in many cases (WHO, 2011).

The latest information about how many people suffer from the disease is an estimate for 2007
provided by the RIVM (2011a). There were 740.000 non-institutionalized diabetes patients in The
Netherlands, which of 4 percent of the population. Approximately 90 percent of them has type 2 and
10 percent type 1 (see also picture 3.2).

Figure 3.2: Prevalence of type 1 and 2 per age group in 2007
source: RIVM, 2011a
200
F150 /[~
: //
2
-]
(=4
5100
[=]
i )/
@
2 50
L —————
0 =
0-14 15-24  25-44 45-64 65-74 75+
= type 1- males type 1 - females
= type 2- males = type 2-females

The estimation is based on five GP registrations in Nijmegen (province Gelderland). The number of
patients on January 1% are called point-prevalence and consisted out of 668.000 non-institutionalized
individuals (95% confidence interval of the estimation is 589.000 — 757.000). During the year another
71.000 patients were added, which is called incidence (95% confidence interval is 57.000 - 90.000).
Beside the national estimated prevalence of diabetes, also self-reported prevalence on a region level
is estimated (see table 3.2). This is done by CBS with the help of health surveys. For the period 2004-
2007 the self-reported total prevalence rate was 3.5 percent (standard deviation is 0.1 percent). For
the period 2005-2008 it was 3.7 percent (standard deviation is 0.1 percent). The prevalence rates per
region are corrected for differences in age and gender so that they can be compared with another.
The GGD region Kennemerland (province Noord-Holland) showed a significant lower share of
diabetes patients than the total prevalence rate. For the other regions no significant deviation from
the national prevalence rates was observed (RIVM, 2010a).
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Like already briefly mentioned in the introduction of this chapter, there is hardly any data available

about the prevalence of diabetes among institutionalized individuals. Also, there is a group of

approximately 250.000 individuals with diabetes that is not diagnosed yet and not aware of having

the disease. The symptoms are described in table 3.3.

Table 3.2: Self-reported diabetes prevalence per region

Rates per Standardized self-reported rates Rates per Standardized self-reported rates
province 2005-2008 (95% Cl interval) province 2005-2008 (95% Cl interval)
Groningen | 4,3 (3,1-5,5) Noord-Holland 3,4 (2,8-4,0)

Friesland 4,2 (3,0-5,4) Zuid-Holland 4.0 (3,6-4,4)

Drenthe 3,5(2,3-4,7) Zeeland 3,2 (2,0-4,4)

Overijssel 3,8 (3,0-4,6) Noord-Brabant 3,6 (3,0-4,2)

Flevoland 2,7 (1,5-3,9) Limburg 4,1(3,3-4,9)

Gelderland | 3,5(2,9-4,1) Netherlands 3.7 (3,5-3,9)

Utrecht 3,3(2,5-4,1) source: Statline, 2011b

Table 3.3: Symptoms of diabetes
source: Diabetesfonds, 2011 (translated from Dutch)

Type 1

Type 2

Being thirsty and high production of urine
Losing weight for unknown reasons
Miserable feeling

Hunger, or no feel for food

Unclear sight

Sickness and vomiting

Being thirsty and high production of urine
Tiredness

Sight and eye problems

Badly healing small wounds

Painful legs/shortage of breath while walking
Regularly returning infections

Hyperglycemic coma

Table 3.4: Relative point prevalence and incidence for diabetes in 2007 per
age group and gender
Source: RIVM, 2011a
Point prevalence rate per 1000 Incidence rate per 1000 individuals
individuals
Age males females males Females
group
[0-4) 0,4 0,4 0,4 0,4
[5-9) 0,3 0,2 0,3 0,2
[10-14) 0,2 0,2 0,2 0,2
[15-19) 0,3 0,2 0,3 0,2
[20-24) 0,4 0,3 1,4 1,1
[25-29) 0,6 0,5 2,3 1,7
[30-34) 0,9 0,8 3,9 2,9
[35-39) 1,6 1,3 6,9 4,3
[40-44) 2,7 2,2 11,7 7,3
[45-49) 4,4 3,6 14,7 10,3
[50-54) 6,7 5,5 22,3 15,5
[55-59) 9,4 7,6 26,6 18,2
[60-64) 11,9 9,7 33,6 23,1
[65-69) 14,0 11,4 26,3 18,1
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[70-74) 15,2 12,4 28,6 19,7
[75-79) 15,6 12,7 18,4 13,9
[80-84) 15,5 12,6 18,3 13,8
[85+) 15,3 12,5 18,2 13,7

If the GP suspects someone from having diabetes, he or she will order the HbAlc level in the blood.
Increased screening activities from GP’s on diabetes have caused the incidence to increase sharply in
the past. Most increases in incidence have to do with increasing risk factors. Age is such a risk factor.
As can be seen from the incidence rates in table 3.4, the incidence rate increases steeply with age. As
the share of elderly increases, this will ceteris paribus lead to a higher prevalence rate of diabetes.
Besides age, also genetics can lead to an increased risk on developing the disease. If relatives of an
individual have diabetes, the chance on developing diabetes becomes higher. Some ethnic groups
show much higher prevalence rates than other. These are for example Moroccans, Surinamers, Turks
and Hindustanis. Also the socioeconomic status determines the risk on diabetes, just like for many
other diseases and health status in general is the case (RIVM, 2011b).

Risk factors that can be influenced by interventions are life style related. One of the most important
factor for development of type 2 diabetes is overweight or obesity. The Body Mass Index (BMI),
which is weight in kilograms per square of the height in centimetres, tells if someone is overweight or
obese. A value of the BMI between 18 and 25 indicates a healthy weight. A value above 25 is called
overweight and if the BMI value is above 30 this indicates that an individual is obese. Among male
adults (aged 20 and older) overweight causes 31.1 percent of new diabetes cases and for obese
males it is even 37.4 percent. For females the percentage of the population that could be prevented
from diabetes if there would be no overweight or obesity is 25.3 and 38.6 percent respectively.
Especially fat centred on the belly is dangerous and also the duration of being overweight or obese
adds to the risk (Jacobs-van der Bruggen and Hoogenveen, 2005: 42).

Physical inactivity is another very important risk factor. Dries Hettinga, Head Knowledge and
Research of the Diabetesfonds, even stated that it is better to fat and fit, than to be non-fat but also
non-fit (interview, June 2011). Jacobs-Van der Bruggen and Hoogenveen (2005:45) estimate from
various international studies that adult men who are moderately active have a 1.14 times higher risk
on developing diabetes and adult females 1.18. These risks are corrected for BMI. Moderately active
means that an individuals is physically active for more than 4 hours per week. Inactive individuals
have less than 4 hours of physical activity per week. For them the risk on developing diabetes is even
higher; the relative risk is 1.53 for males and 1.36 for males. Also smoking and alcohol consumption
increase the risk on diabetes, but the authors write that compared with the impact from weight and
physical activity their effect is rather modest.

Nivel, which is an association for primary care suppliers, performed a multivariate linear regression
analysis on self-reported diabetes rates with regional characteristics. A positive and significant
impact was observed for females, higher age groups, share of non-western immigrant, proportion of
households with a low income and a moderate and strong degree of urbanization. A negative and
significant effect was observed for the proportion of single households (Nivel, 2011: 65).

Just like is the case for the determinants of health care expenditure, risk factors for diabetes are not
completely exogenous. Individuals who for example lack physical activity, might be overweight more
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often as well. Poortvliet et al. (2007: 25) calculated that in general the risk that an individual develops
diabetes is 1 out of 20. This general risk is expected to increase in the future because there will be
more elderly people and the share of obese individuals is increasing.

Future number of patients

For the Netherlands the RIVM projected that by the number of diabetes patients will increase from
620.000 in 2005 to 1.32 million in 2025. Changes in the demographic structure cause 26 percent of
this increase, but the data stems from 2003. The estimated number of patients in 2007 was not
available yet when making the projection. Migration and an increasing life expectancy are not taken
into account. 60 percent of the future increase is caused by development of overweight and
screening by GP’s in the past. The remaining 14 percent can be explained by a future increase in the
number of overweight and obese individuals (Baan et al., 2009). The projection is made with the
Chronic Disease Model (CDM) for which a separate module is developed to project the number of
diabetes patients (Baan and Shoemaker, 2009). It is not investigated how these 1.32 million diabetes
patients are spread over the regions. Also, no prevalence rates per age and gender are given by 2025.
Despite that the projection for the future number of diabetes patients from RIVM is widely accepted
and made with a sophisticated computer model, it cannot be used in this study and an alternative
method must be designed to calculate the future number of patients on a regional level.

Since self-reported diabetes prevalence per region does not significantly differ from self-reported
diabetes prevalence on a national level, it is assumed that the national level prevalence rates can be
applied to the regions. For chronic diseases the relative prevalence changes over time, because influx
(incidence) and efflux (mortality) are age and time dependent. Consequently, the share of diabetes
patients can decrease or increase. Dynamic models are assumed a static model uses prevalence rates
to project the future number of patients, whereas a dynamic model uses incidence and mortality
rates. the latter is more suitable for projecting the share of chronically ill patients because it can
include effects from changes in mortality and incidence (Hoogenveen et al. 1990:16). Most
prognoses ignore the difference between the two types of diabetes or focus entirely on Type 2,
because Type 2 forms the bulk of diabetes patients. This study will focus on both types together,
because separate incidence rates for type 1 and 2 are not available. A multistate life table model or
Markov model is used to determine the size of the future population and the share of diabetes
patients. Influx and efflux for various states is given in a transition matrix. Honeycutt et al. (2003) use
such a model for the calculating the future number of diabetics in the US by 2050, and use transition
rates specific for age, gender, race and ethnicity. Huang et al. (2009) model the development of US
diabetics and costs between 2009 and 2034. Inflow takes place via several BMI-categories. As costs
increase as a result of complications, also the duration of the disease for the prevalent group is
modelled. Ruwaard et al. (1993: 989-994) describe both a static and dynamic model which they used
to project the future number of diabetes patients in the Netherlands for the period 1980-2005. Their
dynamic model requires that initial prevalence, incidence, births, mortality rates and relative
mortality risk for diabetes are known. For the dynamic model two scenarios are used; constant and
increasing incidence rates.

For this thesis however simply diabetes and non-diabetes will be distinguished as the calculation of
the future number of patients is an instrument for answering a research question and not the answer
on itself. A dynamic model is used and Just like in Ruwaard et al. (1993) two scenarios are made;
constant and increasing incidence. As point prevalence rates, incidence rates, survival rates and
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relative mortality risk for diabetes is not available on a regional level, the national rates are assumed
to be applicable on the regional level as well. A complete demographic projection from CBS/PBL per
region is available and will be used. From 2011 until 2040 the size of the population (per 1000
persons) is projected per gender and age groups [0.4), [5-9), ..., [80-84), and [85+). Net migration and
increased life expectancy are included. Data is available from Statline per province(see also chapter
2).

This leaves only modelling of the share of diabetes patients. The share is modelled per 5 year period
from 2007 until 2032. The number of patients in 2030 is linearly estimated from the last two periods.
While using 5 year periods the entire cohort, that forms an age class of 5 year, moves towards the
next period. It is prevented that the partial movement of a cohort per year must be estimated; it is
not necessary to give a poor copy of the demographic projection from CBS. The non-diabetes
population per age group is assumed to be equal to the total population minus the diabetes patients.
For 2007 the share of diabetics is given by point prevalence (existing patients) plus incidence (new
patients). In upcoming periods the number of diabetes patients in all age classes is determined by the
surviving patients plus the new ones; only the first age class gets no inflow from survivors but only
from new patients. The matrix structure of the model is shown in figure 3.3.

Figure 3.3: Matrix structure of the diabetes prevalence model

Age class [0,4) Age class [0,4)

Age class [5,9) Age class [5,9)
Age class [10,14) Age class [10,14)

The inflow of new patients for all age groups consists of incident cases from the entire period. That

means that they are not just taken from the current year, but also from four previous years. Some of
the patients that were diagnosed with diabetes in the transition period has already moved to the
next age group when the period has ended. Births and net migrations are assumed to take place
evenly spread over the year and therefore the proportion of the diabetes population that moves to
the next age class during a year is assumed to be 1/5". This assumption makes it possible to let the
number of incident diabetics in each year decrease proportionately from earlier years.

In addition to these incident patients, all age groups except for the youngest cohort, receive the
already existing patients from the previous period that survived to the current age class. For this, the
average age of each cohort is used and given the year of birth the share that survives towards the
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next period is calculated. Births are assumed to take place evenly spread over a year and therefore
the average age for age class [0.4) is 2.5, for age class [5-9) it is 7.5, etc. The survival rate can be
calculated with the help of a birth generation specific survival table, that is provided for by CBS
(Statline, 2011c). Someone who is between 2 and 3 years old (or 2.5) in 2007, was born during 2004.
From the survival table it can be seen that the number of males that is still alive at an age of 2.5 years
in 2007 is 99.462 out of 100.000. The number of males that is 2.5 years old in 2007 that will become
7.5 years old in 2022 is 99.394 out of 100.000. The survival rate for a male born in 2004 is equal to
99.394 / 99.462, or 99.93 percent. The expected increase in life expectancy is taken into account. For
the age class [85+) no upper limit given, and the average age of this groups needs to be estimated
differently. It has been estimated via the population distribution of 2011 (Statline, 2011d). The
average age of males older than 80 was 87.5 and for females it was 88.5. These average ages for the
oldest cohort in each period is assumed to be fixed. In reality the average age for the oldest age class
may increase as a result of increased life expectancy.

But, as the survival rates must be applied to the diabetes population in each age group and not to the
non-diabetes population, they are not ready to use yet. Diabetes patients have a lower survival
chance than non-diabetics. With the CDM model RIVM estimates the difference in remaining life
time as a result of diabetes. For a 45 year old males diabetes patient for example, the remaining life
time is 9 years shorter than in case he would have no diabetes (Poortvliet et al., 2007:27). In order to
capture this effect, the survival rates are transformed into mortality risks and multiplied with the
relative risk on mortality for diabetes. Then the adjusted survival rates are equal to 1 minus the for
diabetes corrected mortality rates. No data on relative risk (RR) for mortality among diabetes
patients in the Netherlands was available, but via the literature overview from Baan et al. (2005) a
publication from Koskinen et al. (1998:766) was found in which relative risks for gender and some
age groups were given. The publication is from Finland and covers the period 1981-1985. The
distinguished age classes are [30-34), ..., [70-74). For the other age classes RR is assumed to be equal
to 1. RR’s are assumed to be constant over time, which implies that life expectancy of diabetes
patients increases proportionately with the life expectancy of the normal population.

Table 3.5: Relative mortality risks per age group
source: Koskinen et al.(1998: 766)
Males (95% Cl) | Females (95% Cl)

30-34 6.1(4.8;7.7) 12.8 (8.9; 18.5)
35-39 5.4 (4.3; 6.7) 11.1(7.8; 15.8)
40-44 5.7 (4.7; 6.9) 7.5(5.3; 10.7)
45-49 4.1(3.5;4.7) 5.6 (4.2; 7.5)
50-54 3.6(3.2; 4.0) 4.3 (3.5; 5.3)
55-59 2.7 (2.4;2.9) 4.2 (3.7, 4.8)
60-64 2.4(2.2; 2.6) 3.7 (3.4; 4.0)
65-69 2.3(2.1; 2.4) 3.4 (3.2; 3.6)
70-74 2.0(1.9; 2.1) 3.1(3.0;3.2)

All steps for calculating the future number of patients for the scenario in which incidence rates are
constant over time, can be summarized in the following formulas. The number of non-diabetic
individuals for age group | and year t is described by:

non — diabetes population;, = total population ;. — diabetes population,

The number of diabetic individuals for age group | and year t is described by:
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Future total number of patients will be the sum of patients from each gender and age group. When
incidence is kept constant over time, the dynamic model gives the same results as a static model that
applies current prevalence rates per gender and age group to the expected demographic structure of
the population in 2030. The total prevalence rate in 2030 is different from 2007 because the
demographic structure changes.

Table 3.6: Number of diabetes patients —scenario constant incidence
2007 2030
Abs. number | Rel. share | Abs. number | Rel. share
Netherlands 739.344 4,52% 1.033.893 5,85%

In the second scenario the future number of diabetes patients is modelled for the situation in which
the share of obese individuals increase. Often it is mentioned that overweight levels in the
Netherlands converge to the levels in the United States. In a study after the impact from an obesity
epidemic in the Netherlands from RIVM it is considered by Bemelmans et al. (2004) that the
convergence to US levels as the worst case scenario. In that case the Dutch share of individuals that
is overweight or obese in 2024 will be equal to the share for the US in 2000.

When a comparison is made between current Dutch (Statline, 2011e) and the United States (CDC,
2009a and 2009b) overweight shares, it can be observed that the share of males and females with
moderate overweight (BMI between 25-30) is already the same for both countries in 2007. The
reason that the share of the US population with total overweight (BMI above 25) is still higher than
for the Netherlands, is that the US has a much higher share of obese individuals (BMI above 30).
Literature suggests that the share of overweight individuals in the US is stabilizing the last few years
and only the average severity of overweight for those individuals is expected to increase, that is they
move towards obesity (Ogden et al., 2010).

Growth rates of the share of overweight individuals of both countries per gender are found by adding
trend line in excel with a linear functional form so that all data points are used and not just the first
and last observation in range. These growth rates, over the period 2000-2009 for the Netherlands
and in the period 1994-2007 for the US, show that the share of moderately overweight individuals
(BMI 25-30) is indeed more of less stable in the US and in the Netherlands. Prevalence of total
overweight (BMI> 25) increases as a result of a high growth rate of the share of obese individuals. As
this is the case for both countries, only attention will be paid to the development of obesity. The
growth rate of obesity in the US is much higher than the growth rate of obesity in the Netherlands. If
the Dutch obesity trend is continued it takes many years until he current US levels are reached. If the
US growth rates are applied this will happen much faster; in that case the US is 24 and 27 years
ahead on the Dutch for obesity among males and females respectively. As a result they are 30 and 33
years ahead on total overweight for Dutch males and females respectively. It should be kept in mind
however that growth rates depend on the selected period of observations and this affects the
calculated size of the time lag. For this thesis the worst case scenario is used. A time lag for obesity
among males of 24 years, implies that the Dutch obesity levels in 2007 will be equal to the US obesity
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levels from the same year by 2031. For females the US obesity levels are reached in 34. It is assumed

that this time lag accounts for all age groups (see also table 3.7).

Table 3.7: Obesity levels per age group and gender in the United States and the Netherlands.
source: National Center for Health Statistics (2010), Statline (2011e)

Age Obesity levels in the United | Obesity levels in the Absolute difference for the levels of
group | Stated in the period 2005- Netherlands in 2007 both countries in percentage points

2008

males Females Males females Males until 2031 | Females until 2034
20-34 25,4% 31,4% 5,3% 6,8% 20,10% 24,60%
35-44 35,9% 36,7% 10,1% 12,1% 25,80% 24,60%
45-54 35,9% 39,1% 12,1% 13,3% 23,80% 25,80%
55-64 40,4% 42,4% 13,7% 15,1% 26,70% 27,30%
65-74 36,6% 35,6% 14,4% 16,0% 22,20% 19,60%
75+ 25,6% 25,9% 8,2% 15,1% 17,40% 10,80%

In order to calculate the effect from the obesity increase on the incidence rates, the relative risk from
obesity per gender and age group is needed. This information is not available and therefore they are
estimated from Jacobs-van der Bruggen and Hoogenveen (2005:42). A minimum and maximum value
of the relative risk from obesity is given for males and females. Because the relative risk decreases
with age (Narayan et al. 2007: 1564), the maximum value is considered to represent the relative risk
for the youngest weight class, and the minimum value is considered to represent the relative risk for
the oldest age class. The age classes that were presented in the US data on overweight determine
which age classes are discerned in modelling the increased incidence. For the age classes in between
the risks is assumed to linearly decrease with age. The assumed relative risk from obesity per age
group is shown in table 3.8.

Table 3.8: Relative risk from obesity on incidence
Based on Jacobs-van der Bruggen and Hoogenveen
(2005)
Males Females
20-34 | 16,2 13,3
35-44 |13,18 10,86
45-54 | 10,16 8,42
55-64 |7,14 5,98
65-74 (4,12 3,54
75+ 1,1 1,1

The additional incidence per gender and age class is equal to the 2007 incidence rate multiplied with
the product of the relative risk and the absolute change in percentage points of the share of obesity.
The relative risk from mortality can be regarded as the quotient of the share of obese and the share
of the standard population that develop diabetes respectively. Of the total population from 2007,
including the 2007 share of obese individuals, the diabetes incidence is known. Since the share of
obese individuals from 2007 are included in the incidence number, interest is only in the percentage
point change of the share of obese individuals. The additional incidence is added to the initial
incidence rates from 2007. This step can be summarized in the following formula:
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incidence rate; 503, =
incidence rate; ;097 + RR; * incidence rate; 5007 * %A(0besity share;,007,ys —
obesity share; 2007, n1)

Because some age classes of initial incidence and relative risk are overlapping, the increased risk
from for example the age group 35-44 is applied to both the incidence age classes 35-39 and 40-44.
The incidence rates in 2007 are assumed to linearly increase to the new rates in 2031 and 2034 for
males and females respectively. The yearly incidence rates (see also table 3.9) per age class are
applied to the dynamic model. Results that are shown in table 3.10.

Table 3.9: Incidence rates per gender and age group in 2007 and 2030

Incidence rates in 2007 | Increased incidence Relative increase of the

(RIVM, 2011a) rates in 2030 incidence rate
Age group | Males Females | Males Females | Males Females
[0-4) 0,0004 0,0004 0,0004 0,0004 100% 100%
[5-9) 0,0003 0,0002 0,0003 0,0002 100% 100%
[10-14) 0,0002 0,0002 0,0002 0,0002 100% 100%
[15-19) 0,0003 0,0002 0,0003 0,0002 100% 100%
[20-24) 0,0004 0,0003 0,0014 0,0011 412% 379%
[25-29) 0,0006 0,0005 0,0023 0,0017 412% 379%
[30-34) 0,0009 0,0008 0,0039 0,0029 412% 379%
[35-39) 0,0016 0,0013 0,0069 0,0043 426% 328%
[40-44) 0,0027 0,0022 0,0117 0,0073 426% 328%
[45-49) 0,0044 0,0036 0,0147 0,0103 332% 285%
[50-54) 0,0067 0,0055 0,0223 0,0155 332% 285%
[55-59) 0,0094 0,0076 0,0266 0,0182 283% 239%
[60-64) 0,0119 0,0097 0,0336 0,0231 283% 239%
[65-69) 0,0140 0,0114 0,0263 0,0181 188% 159%
[70-74) 0,0152 0,0124 0,0286 0,0197 188% 159%
[75-79) 0,0156 0,0127 0,0184 0,0139 118% 110%
[80-84) 0,0155 0,0126 0,0183 0,0138 118% 110%
[85+) 0,0153 0,0125 0,0182 0,0137 118% 110%
Table 3.10: Number of diabetes patients —scenario increasing incidence

2007 2030
Abs. number Rel. share Abs. number Rel. share

Netherlands 739.344 4,52% 1.709.232 9.7%

Primary care consumption

Diabetes care consumption claimed 1.4 percent of the spending on total health care in 2007, or
1.036,7 million euro. 60.4 percent is claimed by medication and medical appliances, 14.1 percent on
hospital care and 13,5 percent on primary care, of which 80.2 percent by GP’s (Slobbe et al. 2011).
So, a sufficient number of primary care suppliers is important for diabetes patients. Whereas
practically all type 1 patients are treated in hospitals, type 2 patients receive at least 70 to 80 percent
of care from GP practices. Half of these patients is aged 70 or older. Care is not just provided by a GP,
but also by the assistant, diabetes-nurse or dietician (Nederlandse Diabetes Federatie, 2007: 13-25).
No regional data about GP care consumption for diabetes is available. CBS does have data on the
number of people per age group who had at least one GP contact for diabetes. In order to get a
smaller standard error, age classes of fifteen year are chosen instead of five year. It is assumed that
only diabetes patients have contact with their GP for diabetes. The share of the population with at
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least one GP contact for diabetes is transformed in the share of patients with at least one GP contact
for diabetes with the estimated prevalence rates from RIVM (2011a). See also table 3.10.

Table 3.11: Number of people with at least one GP contact for diabetes per age
group and gender in 2007
Source: Statline, 2011f

Per 1000 | Standard | Share of male | Per 1000 | Standard | Share of female
Age males deviation | patients females | deviation | patients
0-15 1 0 93% |1 0 91%
15-30 2 0 62% | 3 0 100%
30-45 9 1 69% | 7 1 71%
45-60 47 2 79% | 39 1 84%
60-75 126 3 86% | 115 3 87%
75+ 169 6 99% | 165 4 90%

The share of patients with at least one GP consultation is for female patients in the age group 20-30
was larger than 100 percent. This is probably due to the fact that the definition of diabetes used by
Statline includes not only type 1 and type 2 diabetes, but also pregnancy diabetes. This is a form of
diabetes that can arise when a women is pregnant, but in most case it disappears again. No
prevalence about pregnancy diabetes is available and therefore the share of patients with at least
one GP contact is adjusted downwards to 100 percent for this specific group.

The average number of GP contacts per diabetes patient in 2009 was 8 and is retrieved from the
website of Nivel (Verheij et al. , 2009). The average number of GP contacts is higher for patients who
are in a more severe stage of diabetes who have complications. Poortvliet et al. (2007:35) show that
in 2004 patients with complications on average had 12 GP consultations and patients with no
complications had 9. Again, no distinction is made between type 1 and 2. But since it is unknown
what share of each age group has complications (see also next section about secondary care
consumption), only the average number from 2009 is used and assumed to be true for all ages and
gender. As the number of contacts per patients is constant, only the number of patients with at least
one GP contact per year are included in the calculations.

Table 3.12: Diabetes primary care consumption on a national level

2007 2030 (scenario: 2030 (scenario:
constant incidence) increased incidence)
Diabetes patients with at least
one GP contact for diabetes 739.344 1.035.463 1.709.232

Secondary care consumption

The average number of GP visits increases if a patient develops complications. A GP mostly starts
initial treatment and monitors the disease, and when serious complications arise or if a patients has
multiple diseases simultaneously, the patient is referred to a medical specialist. Practically all type 1
patients are treated in a hospital, and also approximately 25 percent of type 2 patients is additionally
treated by a medical specialist (Nederlandse Diabetes Federatie, 2007: 24-25). In 2004 a large group
of 87 percent of type 2 patients had at least one contact with a medical specialist. Most consulted
type of specialists are cardiologists, internists and ophthalmologists (Poortvliet et al., 2007: 35).

Diabetes knows a variety of complications which can make secondary care consumption very
heterogeneous. Complications arise because diabetes patients are less able to regulate blood glucose
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levels and glucose molecules stay in the blood for too long. They can cause damage to blood vessels
and nerves'. The longer the duration of the disease, the more likely complications arise. As age is an
indicator for the duration of the disease, the share of patients with complications increases with age.
Ten years from onset, virtually all patients have complications and health care consumption goes up.
Between 40 and 56 percent of type 2 patients has complications. These can be split in chronic or
acute complications (Poortvliet et al., 2007: 25). An example of an acute complication is a diabetic
coma, resulting from a low blood sugar level. Chronic complications can be divided into micro and
macro vascular. In 1998 46 percent of type 2 patients had no complications, 22 percent had micro
vascular complications only, 15 percent had macro vascular complications only and 16 percent had
both (Redekop et al., 2001: 13). Most macro vascular complications were related to cardiovascular
disease; for example almost one out of five diabetes patients is treated for coronary heart disease.
Micro vascular complications were mostly neuropathy (19 percent), retinopathy (14 percent) and
nephropathy (11 percent) (Poortvliet et al., 2007: 25). The major complications are showed by figure
3.4,

Figure 3.4: Diabetes complications
source: International Diabetes Federation (2003: 72)
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Besides complications, also co-morbidity is a big issue for diabetes patients, as the disease often
coincides with diseases like eczema (19.2 percent) and COPD (8.9 percent) (RIVM, 2008).

! Not only poor regulation of blood glucose levels can cause complications. Also deviations from fat metabolism
in the blood (called hyperlipidemia) and high blood pressure increase risk. Control of glucose levels is
considered most important (Nederlandse Diabetes Federatie, 2007).
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Fakiri et al. (2003:199-209) tried to map health care consumption and patients characteristics for
diabetic individuals. By way of a survey 1998 data was gathered about 388 non-institutionalized
patients aged 15 and older. They categorized the individuals into four clusters with increasing
intensity of health care consumption. With regression analysis they investigated which factors
contributed to health care consumption. Those were for example the number of adults in the
household (as a measure of availability of informal care) and education level. They also took into
account the HbAlc levels and other specific factors that measure the patient’s condition. From the
analysis of the consumption pattern the authors found that almost all type 1 and type 2 patients had
at least one yearly contact with their GP. Also, almost all type 1 patients visited a medical specialist
and 73 percent of type 2 patients did. So, compared with the more recent data from Poortvliet et al.
(2007) in 2004 the share of type 2 patients visiting a medical specialist was somewhat higher. Type 1
and 2 patients did show some small differences with regard to the type of specialists they visited:
type 1 patients are treated more often by an internist (81 vs. 35 percent), ophthalmologist (63 vs. 42
percent), and surgeon (13 vs. 19 percent). Type 2 patients more often visited a cardiologist: 11
percent of type 1 patients vs. 16 percent of type 2 patients (Fakiri et al., 2003: 204).

Because of the complications, diabetes patients also have a higher risk on a hospital admission than
non-diabetes patients and the duration of the hospital admission is typically longer. Tomlin et al.
(2008: 247) described hospital admissions for 1.080 type 1 patients and 11.283 type 2 patients in
New Zealand during the period 2000-2003 (see also figure 3.5). For type 1 patients 43.4 percent of
admission was due to diabetes complications, and 56,6 percent for other medical problems. For type
2 patients this was 31.0 percent and 69.0 percent respectively (2008:247). Most complications
among the New Zealand type 2 patients were related to the blood vessels and caused ischemic heart
disease and heart failure?, similar like in the Netherlands. Among type 1 mostly a complication called
ketoacidosis, a too high acid level in the blood, caused hospitalizations. For both groups the duration
of the disease, HbAlc levels and the situation in which they are treated with insulin were among the
risk factors for hospitalization (2008: 249). Clinical admissions account for approximately 24 percent
of hospital costs for diabetes (RIVM, 2008b). In general the bulk of admission per years is consumed
by a relatively small group of patients (Wong et al. 2008). This is assumed to hold for diabetes
patients as well.

For the Netherlands, Poortvliet et al. (2007) write that each year 14 percent of all DM patients need a
hospital admission, whereas for the non-diabetes population this is 7 percent. If hospitalized,
diabetes patients have on average two admissions within a year. In the past years the relative
number of clinical admissions has declined and the relative number of day admissions has increased
(RIVM, 2010b). There is no clear distinction between day admissions and clinical admissions with
regard to whether complications are of macro or micro vascular nature. Neuropathy for example
might be a reason for clinical admission and kidney dialysis for nephropathy patients can require a
day admission. Macro vascular complications can result both in a day admission (for example for
angioplasty) or a clinical admission (for example in case of a heart attack).

? Ischaemic Heart Disease means that arteries around the hearth get narrow as a result of “fat
deposits”. This can obstruct blood flows and lead to shortage of oxygen for the heart muscle. (DWP,
2011).
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Figure 3.5: Percentage of patients with diabetes type 1 and type 2 per age
group who are being hospitalized with complications in New Zealand in
2000-2003
source: Tomlin et al. 2008: 247
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Similar data is available for the Netherlands, but no distinction between type 1 and type 2 is made.
The share of patients who had an admission during one year can be used as a proxy for the share of
patients with complications. For the Netherlands there are two sources of information on hospital
admissions for diabetes patients. In a RIVM rapport about the diabetes module in the CDM an
overview of secondary care consumption per gender and for the age groups [20-29), ..., [80+) is given
on a national level (Baan et al., 2005: 105). This data has been collected from various other studies
and both the year from observation or estimation and the source of information stays unclear.
Poortvliet et al. (2007) is among the sources. This consumption overview includes what share of
patients in a year has been hospitalized at least once. The other source of information is CBS, which
provides on a national level the share of the population with at least one hospitalization for diabetes®
per gender and 5 year age groups for several years (Statline, 2011g). The share of patients with at
least one diabetes hospitalization per year instead of the share of the population, can be calculated
via the prevalence data on diabetes from 2007. Figure 3.6 and 3.7 show a totally different picture:
The curve from Baan et al. (2005) is upward sloping, whereas the adjusted data from CBS leads to a
downward sloping curve (See figure 3.7). Clearly, it is more realistic that the share of patients with a
hospital admission increases with age. The CBS data probably gives an underestimation as a result of
labelling problems. Complications of diabetes are often ‘mistakenly labelled’. The distinction
between care that is directly linked to diabetes and care that is indirectly linked to diabetes can be
vague. If multiple labels can be put on an admission, the chance that diabetes is chosen becomes
smaller. Struijs et al. (2004: 36) have made a comparison between the label on referrals and
discharges for approximately 6000 chronically ill hospital patients in the period 2000-2001. For this
they made a connection between GP registrations on referrals and hospital registrations. It appears

3 According to ISHTM definition, this is an internationally used definition of diseases.
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that only 14 percent of DM diagnosed patients by the GP are registered as DM patients after being
discharged for a clinical admission. More often the patients was labelled with cardiovascular disease
(17 percent) or a disease related to the nerve system (11 percent). The different labelling was of
relative large proportions compared with other diseases. In case of arthritis patients for example, 60
percent of the patients still had the same label in the discharge registration, and for patients with a
stroke this was 51 percent (Struijs et al. 2004: 36). This means that though some hospitalizations are
a result of diabetes, they are not addressed to the disease but to the complication on itself. Also Mr.
Hettinga from the Diabetesfonds stated that for example 30 percent of all people who are
hospitalized for a heart attack appear to have diabetes (interview, June 2011). Also, there might be
an effect from pregnancy diabetes, as this might complicate the child-birth. Given the confusion on
whether an admission is a result from diabetes and whether or not pregnancy diabetes is included,
the data from Baan et al. (2005) is perceived as more realistic.

Figure 3.6: Diabetes patients with Figure 3.7: Diabetes patients with a hospital
hospitalization per age group (%) from RIVM admission per age group (%) from CBS
Source: Baan et al. (2005: 105) Source: Statline, 2011g and RIVM, 2011a
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Also with regard to the average number of admissions, the RIVM rapport gives the average number
of admissions per patient. From CBS the number of clinical and day admissions for diabetes can be
retrieved per gender and for the age groups [0-20), [20-45), [45-65), [65-80) and [80+) on a regional
level (Statline, 2011h). This data is available for the period 1981 till 2009 for clinical admissions and
for the period 1993-2009 for day admissions. Since the data for day admissions is unbalanced on a
regional level, it will be left out. It is difficult to compare the numbers from RIVM and CBS, as they
are defined in a different way.

Despite the concerns about what data is best to use in the projection, the CBS data will be chosen
simply because it allows to capture for regional differences. It is assumed that the regional
differences are significant and that the labelling problem that leads to a underestimation of hospital
admissions affects all provinces to a same degree. The share of patients with at least one
hospitalization is ignored and simply the average number of admissions is calculated for the total
patient group, not only the ones who are hospitalized. Another reason for choosing for the CBS data
is that for the data from Baan et al. (2005) it is unknown from what year they stem. The year of
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observation is important to know since the risk on a hospitalization for diabetes patients and the

duration of an admission has been decreasing over time.

Figure 3.8: Average number of hospital
admissions per hospitalized patient (RIVM)
Source: Baan et al. (2005: 105)

Figure 3.9: Average number of hospital
admissions per person (CBS)
Source: Statline (2011h)
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Regional differences are assumed to persist over time, though it is unclear what exactly causes them.

The projection assumes that the share of patients with a hospital admissions and the average

number of clinical admission per year is constant over time. With this assumption it is not necessary

to make a calculation in between for the share of patients with a clinical admissions and the average

number of admissions per hospital patient. This step would make less sense are the share of patients

with a hospitalization that was calculated based on the CBS data does not make sense. For each

province the total number of clinical admissions per age group in 2007 is divided by the number of

patients per age group. Multiplication with region specific future number of patients in the constant

and high incidence scenario’s leads to the projected number of clinical admissions in the future.

Figure 3.10: Average duration hospital
admission (days) RIVM
Source: Baan et al. (2005: 105)

Figure 3.11: Average duration hospital
admission (days) CBS
Source: Statline (2011h)
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As the duration of a clinical admission increases with age, the change of the demographic structure
will not only lead to more clinical admissions, but also to a disproportionate increase in the number
of clinical care days. Total clinical care days for diabetes will therefore give a better indication of the
burden of diabetes for medical specialists. Data about the duration of a clinical admission from RIVM
(figure 3.10) and CBS (figure 3.11) is rather similar, though the average duration is somewhat lower
for the latter. The difference might be a result of time (average duration has been decreasing in the
last decade) or wrong labels (admissions which are excluded from the statistic might drive down the
average number of clinical care days). It is assumed that both are not the case. As per province the
average duration is given, the Statline data will be used in order to again capture regional
differences.

Table 3.13: Average number of clinical admissions per patient in 2007 per region
Source: Statline (2011h) and own calculations

Total number of | Average Average per 1000 | Average number per

clinical number per | persons, 100 patients

admissions 1000 standardized to

individuals age and gender
Limburg 614 5.5 5 10,7
Zeeland 252 6.5 5.8 12,9
Noord-Brabant 1.472 6 5.9 13,3
Utrecht 674 5.6 5.6 13,7
Gelderland 1.307 6.5 6.1 14,5
Noord-Holland 1.727 6.6 6.4 14,9
Netherlands 11.116 6.8 6.5 15
Overijssel 814 7.3 7 16,4
Drenthe 407 8.3 7.5 16,7
Zuid-Holland 2.603 7.5 7 17
Groningen 457 8 7.5 17,4
Friesland 540 8.3 7.8 17,9
Flevoland 249 6.5 7 19,7
Table 3.14: Regional differences for duration of a clinical diabetes
admission in 2007
source: Statline (2011h)
Province Average duration Province Duration for age
(days) in increasing group 65-80 (days)
order in increasing order

Flevoland 7,9 | Groningen 9,8
Friesland 9,1 | Drenthe 11,3
Noord Brabant 9,3 | Zeeland 11,6
Groningen 9,6 | Overijssel 11,8
Drenthe 9,6 | Friesland 12,8
Gelderland 9,6 | Utrecht 12,8
Limburg 9,6 | Zuid-Holland 12,8
Noord Holland 9,8 | Gelderland 13
Netherlands 10 | Limburg 13,1
Utrecht 10 | Noord-Holland 13,5
Overijssel 10,8 | Flevoland 13,6
Zuid Holland 10,8 | Netherlands 13,8
Zeeland 11,3 | Noord-Brabant 14,1
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Both the absolute number of clinical admissions and the number of clinical care days are given per
gender and for the age groups (0-20), (20-45), (45-65), (65-80) and (80+) in 2007. They are translated
into the relative number per patient in 2007 per gender and age group. The total number of clinical
care days in each scenario is the sum of the age and gender specific number of clinical care days. The
steps can be summarized in the following formula (in which age group is | and gender is g):

total number of clinical care days,yzo—scenario =
Y19 average number of clinical admission per patient; 4,007 * average duration; g7 *
number of diabetes patients; g ;030- scenario

Table 3.15: Diabetes secondary care consumption on a national level

2007 2030 (constant incidence) 2030 (increased incidence)

Clinical care days 110.975 170.071 262.835

Future production

The number of GP’s and medical specialists in 2030 is calculated via a dynamic model for future stock
of individuals. The future number of individuals is translated into fte to correct for part time working
individuals. When the fte for GP’s and medical specialists per region is known, the amount of fte
spend on diabetes care services is estimated. Simply assuming a fixed current ratio of total fte and
diabetes care consumption over time ignores the specific epidemic effect for diabetes; letting the
required workforce increase with the demand for diabetes care would lead to an overestimation.
This is also described by Feldstein (2005). If possible, the data to calculate the development of
manpower and production is selected from the same year of observation.

Supply of GP’s
Nivel, an organization for primary care suppliers, provides the number of working GP’s per province
in January 1* 2010 in number of persons and in fte (Hingstman and Kenens, 2010).

Table 3.16: Number of GP’s and fte per
province on January 1%, 2010
Source: Hingstman and Kenens (2010

Number of GP’s | GP fte
Groningen 298 247,8
Friesland 360 296,4
Drenthe 272 216,7
Overijssel 572 461,7
Flevoland 213 167,6
Gelderland 1091 849,5
Utrecht 713 523,7
Noord-Holland 1473 1135,7
Zuid-Holland 1853 1492,4
Zeeland 200 170,1
Noord-Brabant 1262 1018,7
Limburg 614 504,1
Total 8921 7084,5

The number of GP’s per age group of five years and gender is provided for on a national level
(Hingstman and Kenens, 2010). See also table 3.17. It is assumed that this age and gender
composition is the same for all regions.
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Table 3.17: Age composition of GP's on January 1st, 2010
Source: Hingstman and Kenens (2010)
males females Total
<35 164 3,0% 485 13,7% 649 7,3%
35-39 428 7,9% 806 22,8% 1234 13,8%
40-44 586 10,9% 750 21,2% 1336 15,0%
45-49 805 14,9% 569 16,1% 1374 15,4%
50-54 1216 22,6% 515 14,6% 1731 19,4%
55-59 1357 25,2% 322 9,1% | 1679 18,8%
60-64 786 14,6% 84 2,4% 870 9,8%
>64 47 0,9% 1 0,0% 48 0,6%
5389 3532 8921

With this age profile a matrix model is constructed. The structure of this model is shown in figure
3.12. Per five year period the current stock of GP’s in a specific age category moves towards the next
category. By using five year periods instead of yearly periods it is prevented that individuals from one
cohort must be spread over two age categories.

Figure 3.12: Matrix structure of the model for supply

Age class[30-35) Age class[30-35)

Age class[35-40) Age class[35-40)

Y

Inflow of the GP population takes place only via the youngest age group, as individuals older than 35
are not expected to become a GP anymore. Per gender the relative inflow from GP’s is determined
by the share of the GP’s aged 30-35 of the total population aged 30-35 in 2010 (see table 3.18). Per
province this share is calculated, as regional differences are assumed to persist over time. A more
precise projection would take into account the number of students, the duration of the education
and the possibility to drop out during the education or (im)migration of GP’s. But that detailed
information is not available on a regional level, and it is assumed that these effects are constant over
time and captured in the observed share of the youngest GP’s per potential labour force. The only
way to leave the GP population is by dying or to retire. In order to model the outflow that results
from death, birth year specific survival probabilities are used in a similar way as the diabetes
prevalence model. Per five year period all GP’s that belong to the age group [60-64) leave the GP
population, as it is assumed that GP’s retire at 65.
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Table 3.18: Relative inflow rates for male and female GP’s per region
Initial relative supply: | GP’s [30-35) | Initial relative supply: GP’s [30-35)
inflow male GP’s in / inflow female GP’s in /

2010 Pop.[30-35) |2010 Pop. [30-35)
(increasing order) (increasing order)

Zuid-Holland 0,030% | Flevoland 0,089%
Overijssel 0,031% | Noord-Holland 0,089%
Noord-Holland 0,031% | Zuid-Holland 0,090%
Groningen 0,032% | Overijssel 0,094%
Flevoland 0,032% | Utrecht 0,095%
Noord-Brabant 0,032% | Netherlands 0,097%
Netherlands 0,033% | Noord-Brabant 0,099%
Utrecht 0,033% | Groningen 0,100%
Gelderland 0,036% | Gelderland 0,105%
Friesland 0,037% | Zeeland 0,112%
Zeeland 0,037% | Friesland 0,116%
Limburg 0,039% | Drenthe 0,119%
Drenthe 0,041% | Limburg 0,119%

With regard to inflow, it is known that most GP’s start their education at an age of 30
(Capaciteitsorgaan 2010b: 30). At the beginning of year 2015 the entire group of GP’s aged [30-35)
will move towards the next age class. This age group is larger at the beginning of 2015 than it was in
2010, because GP’s of this age group that had not finished their education by 2010 are added to the
group during the transition period towards 2015. Therefore, the number of GP’s that survived
towards the age group [35-40) in 2015 will be larger than the number of GP’s in the age class [30-35)
in 2010. GP’s in education that are added to the GP group [30-35) during the period 2011-2014 are
typically the oldest individuals of that age group, as they will go straight to the [35-40) age category
in 2015. In 2015 the group of GP’s aged [30-35) is constructed from the GP’s in education that flew
into the GP stock during the previous four years and still belong to the [30-35) GP group by then. This
means that typically the youngest individuals from the period 2011-2014 are added to this group.
Also for the years 2020, 2025 and 2030 the youngest GP group is constructed in this way. The steps
can be summarized in the following formula:

) _ 4 3
GP'S30-35¢ = (share * popsg_3s¢ + ¢ * share * popzg_zs,¢+1 + ; * share * popso_3s¢42 +

2 1
5 * share * popzg_3s,r43 + ¢ * share * popzo_3s,c44) * (1 —morty,)

Just like in the diabetes prevalence model, it is assumed that the average age is also the median age
in each category. Therefore, the addition to the group 30-35 during the period 2011-2014 takes
decreasing proportions (fifths) of the new GP population. The new group of GP’s for the age group
30-35 in 2015, 2020, 2025 and 2030 is constructed from increasing proportions (fifths) of the new GP
population in four previous years and the current year. For the other age groups the number of GP’s
is simply equal to the survived GP’s from the previous age group five years ago.

GP’Sl,t = GP’Sl,t—l * (1 — mOTtl_Lt_l)

Because data is from 2010, the number in 2030 does not need to be linearly estimated as was the
case for the number of diabetes patients. The total number of GP’s consists of the sum of GP’s per
age group and gender. But, as only 15 percent of the female GP’s and 44 percent of the male GP’s
works fulltime, the full time equivalent will be lower than the number of GP’s. As the inflow of GP’s
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mostly consists of women, and it is assumed that the average size of the workweek for both genders
will not change over time, this will have a decreasing effect on total GP fte over time. From the share
of males and females that works part time and the total supply of fte, it is calculated that a part time
job on average counts for 0.62 fte. This size of the workweek is the same for males and females.

The part of fte that is spend on providing care to diabetes patients is estimated by looking at the
number of patients with at least one diabetes consultation per total number of patients that had at
least one GP contact for any disease. The data on the share of the population in 2007 that had at
least one GP contact for diabetes or any other disease is retrieved from CBS (Statline, 2011f). This
estimation shows that on a national level 3.25 percent of GP patients has at least one contact for
diabetes. It is assumed that this holds for all regions. This does not take into account the higher
average number of diabetes patients relative to non-diabetes patients, but prevents that another
calculation must be made in between with increases the standard error. The ISHTM definition of
diabetes is used, just like for consumption of clinical care days. The share of GP fte on a national level
is 0.63 percent. This share is assumed to be the same for all provinces, as no regional data is
available.

A second scenario for GP manpower is made by letting the relative share of the potential labour
force that flows into the GP population grow by 2 percent per year. This growth accounts for both
males and females and will lead to a higher supply of GP fte on diabetes care. The results are shown
in table 3.19.

Table 3.19: Supply of diabetes care by GP’s on a national level
2010 2030 (constant 2030 (increased relative inflow,
relative inflow) yearly growth rate = 2%)
Number of GP’s 10.679 15.236 18.006
fte 8.330 11.003 12.988
fte on diabetes patients 52,24 69,01 81,45

Supply of medical specialists

For medical specialists no regional numbers are known. The national number of registered medical
specialists in 2008 is provided for by a report from the Capaciteitsorgaan (2010a), which is a
committee that advises the government on medical training capacity. The share of the registered
specialists who are actually working is estimated by the Capaciteitsorgaan at 90 percent. Also the age
composition of the registered specialists is given (2010a: 17). See also table 3.21. If the specialists
aged 65 and older are deleted from the population of specialists, still more than 90 percent of the
registered specialists is left. But as for other age groups it is hard to make an assumption about how
many of them are actually working as a specialist, it is assumed that the remaining registered
specialists are all active.

Total hospital personnel per GGD region in 2008 is provided for by a series of regional publications
from Prismant (2009), see also table 3.20. With the numbers per GGD region the numbers per
province can be calculated (see the appendix). Only for the province of Zeeland no numbers are
available. The total number of hospital personal on a national level in 2008 is provided for by CBS
(Statline, 2011i). The national number of hospital employees is higher than the sum of hospital
employees per region, and therefore it is assumed that this difference is the number of people on
the payroll of hospitals in Zeeland.
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Table 3.20: Hospital personnel
per province in 2008
Source: Prismant, (2009a-y)

Number of people
Groningen 14.756
Friesland 7.119
Drenthe 4.509
Overijssel 15.632
Flevoland 2.704
Gelderland 31.067
Utrecht 22.236
Noord-Holland 42.318
Zuid-Holland 50.406
Zeeland* 34.796
Noord-Brabant 28.831
Limburg 13.676
Total 268.050

*estimated number

The share of medical specialists on a national level per number of hospital employees can be
calculated and used to estimate the number of specialists per region. But not all specialists are
contracted by a hospital. In 2007 43.7 percent of the specialists was autonomous and 56.3 percent
was on the payroll of a hospital (Capaciteitsorgaan, 2010a: 17). In 2008 there were 19.073 active
specialists, of which 10.681 were on the payroll of a hospital. As a share of total hospital personnel
this is 4 percent. The number of specialists per region can be estimated by assuming that in each
region 4 percent of hospital personal is formed by specialists and that these specialists form 56.3
percent of the total number of specialists in that region. In this way the current stock of specialists
per region in 2008 is estimated. It is assumed that the stock of hospital personnel and the stock of
medical specialists and their age composition for 2008 is the same for 2007.

Table 3.21: Age composition of medical specialists in 2008

Source: Capaciteitsorgaan (2010a: 17)

Age category males females total
25-29 0 0% 0 0% 0 0%
30-34 342 3% 467 7% 801 4%
35-39 1457 12% 1549 24% 2994 16%
40-44 1635 13% 1530 24% 3166 17%
45-49 2167 17% 1203 19% 3376 18%
50-54 2306 18% 806 13% 3109 16%
55-59 2142 17% 518 8% 2651 14%
60-64 1850 15% 256 4% 2117 11%
65-69 634 5% 58 1% 687 4%
70-74 101 1% 6 0% 114 1%
75+ 38 0% 0 0% 38 0%
Total 12.673 6.400 19.073

A similar matrix model (see figure 3.12) as for the number of GP’s is used for the medical specialists.
Inflow is possible only via the youngest age group (See table 3.22) and outflow takes place via dying
or retirement. The youngest age group for specialists is [25-29), but as this class forms zero percent
of the medical specialist population this class is ignored and the age class [30-34) is regarded to be
the youngest. Again the share of the specialist per gender and per population of the age group (30-
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35) is assumed to be constant over time. It is assumed that this share includes effects from students
that drop out of education, delay or immigration. Survival rates are somewhat different, because the
youngest group for the GP’s in 2010 had a different year of birth than the youngest group of medical
specialists in 2008. As most specialists retire at 64 and the percentage of those who continue to work
is unknown, the retirement age for all specialists in this model is set at 65. The future number of
medical specialists per region is the sum of the specialists per age group. Because the five year period
lead to 2032 instead of 2030, the number in 2030 is assumed to lie linearly between 2027 and 2032.

Table 3.22: Relative inflow rates for medical
specialists per gender and region in 2007

Initial relative Spec. [30- | Initial relative Spec.
supply: inflow 34) supply: inflow [30-34)
male specialists |/ female /

in 2007 Pop. specialists in Pop.
(increasing [30-34) 2007 (increasing | [30-34)
order) order)

Flevoland 0,028% Flevoland 0,035%
Drenthe 0,043% Friesland 0,051%
Friesland 0,048% Drenthe 0,058%
Noord-Brabant | 0,048% Overijssel 0,077%
Overijssel 0,054% Gelderland 0,079%
Zuid-Holland 0,055% Netherlands 0,091%
Limburg 0,058% Utrecht 0,113%
Noord-Holland | 0,059% Noord-Holland 0,126%
Netherlands 0,064% Zuid-Holland 0,135%
Gelderland 0,066% Groningen 0,147%
Utrecht 0,068% Noord-Brabant 0,162%
Groningen 0,102% Limburg 0,172%
Zeeland 0,411% Zeeland 0,797%

Once the number of medical specialists per region is known, the decreasing effect on total fte from
increasing labour participation of females must be included. In 2007 a male specialist on average
works 0.94 fte, whereas a female specialist works 0.82 fte (Capaciteitsorgaan, 2010). It is assumed
that this average size of the workweek is constant over time for both genders.

The share of specialists fte on diabetes is calculated by looking at the share of diabetes clinical care
days in total clinical care days. With the use of care days rather than the number of admissions, the
relative high number of clinical care days per admission of the disease is taken account of. For the
Netherlands this percentage is 11.269.736/ 111.203 = 0.99 percent of all specialists fte, regardless
the specialty. The share can differ among regions with a minimum of 0.72% in Limburg and maximum
of 1,19 % in Zuid-Holland (see also table 3.23). The number of clinical care days for diabetes was
standardized for age and gender via the estimated regional prevalence of diabetes. Specific types of
medical specialists are not taken into account because diabetes patients consume from a range of
specialisms and including types will only needlessly lead to small numbers.

A second scenario for specialist manpower is made by letting the share of the population that flows
into the specialist population grow by 2 percent per year. This growth is the same for male and
female specialists and lead to a higher supply of fte on diabetes care. The results on a national level
are summarized in table 3.24.
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Table 3.23: Share of medical specialist fte
spend on diabetes in 2007
province Share of clinical care days
for diabetes out of total
clinical care days
Groningen 1,07%
Friesland 1,06%
Drenthe 1,12%
Overijssel 1,14%
Flevoland 0,89%
Gelderland 0,94%
Utrecht 0,90%
Noord-Holland 0,95%
Zuid-Holland 1,19%
Zeeland 1,08%
Noord-Brabant 0,80%
Limburg 0,72%

Table 3.24: Supply of diabetes care by medical specialists on a national level

2007 2030 (constant relative | 2030 (increased relative inflow,
inflow) yearly growth rate = 2%)
Number of medical specialists 19.821 17.680 20.902
Fte 17.759 15.413 18.216
Fte on diabetes patients 175,2 152,1 179,7

Required supply

It is assumed that current production meets current demand and there is no latent demand or latent
production capacity. The number of GP’s and specialists is required to increase with the increase of
the two consumption indicators. The required manpower is calculated via the ratio of current
manpower per current production (or current consumption). The ratio of current consumption per
current manpower represent productivity and is assumed to be fixed over time. For GP care the
regional amount of fte in 2007 is retrieved from Nivel (Hingstman and Kenens, 2007) and used in
order to match with GP care consumption in 2007.

The expected shortage depends only on the difference between required input of manpower and
actual input of manpower. There are two scenarios for both of them, which leads to four different
situations and expected shortages. From this four possibilities only three are selected. The basic
outcome is the one for the situation in which incidence rates and relative inflow rates are constant
over time. The most optimistic and pessimistic scenario are used to construct a lower and upper
bound for the outcome. Most optimistic is when the incidence rates are constant over time and the
relative inflow rates are increasing. The most pessimistic outcome is when the incidence rates
increase over time and relative inflow rates are constant.
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Table 3.25: Productivity of GP’s and medical specialists per region in 2007
source: Hingstman and Kenens ( 2007), Statline (2011h) and RIVM (2011a)

Initial GP Number of Initial specialist Total number of clinical
productivity patients per GP | productivity care days for diabetes
(decreasing order) | fte in 2007 (decreasing order) | per medical specialists
fte on diabetes in 2007
Limburg 117,3 | Flevoland 1.263,40
Zeeland 116,7 | Drenthe 1.201,00
Drenthe 110,1 | Friesland 1.024,80
Noord-Brabant 110,1 | Limburg 933,2
Overijssel 108,3 | Noord-Brabant 922,3
Gelderland 106,4 | Overijssel 774,1
Groningen 105,1 | Zuid-Holland 718,9
Zuid-Holland 103,4 | Gelderland 670,1
Noord-Holland 103,0 | Noord-Holland 647,2
Friesland 102,7 | Utrecht 524,9
Utrecht 96,5 | Groningen 437,4
Flevoland 76,5 | Zeeland 117,8

Shortages of fte on diabetes are expressed in index numbers. They are translated into number of
persons by using the fte-division between males and females given the two possible scenarios for
relative inflow. The shortage is also expressed in the expected number of patients that does not
receive care as a consequence of the shortage. For this, the difference between required production
and actual production, also for the optimistic and pessimistic scenario, is translated into number of

patients via average consumption per patient.

47




Chapter 4: Discussion
This chapter will first describe the results. Then, the impact from assumptions and missing variables
will be described. Finally, this thesis is compared with related studies.

Results -GP care

Tables 4.1 and 4.2 show absolute and relative values of the indicator for GP care in 2030 per region.
The index numbers show that demand increases at a faster rate than supply of GP care, expect for
the province Drenthe. The largest absolute increases for consumption take place in Zuid-Holland,
Noord-Holland and Noord-Brabant. Despite that these regions also show the largest absolute
increase in supply of GP fte, the largest shortages will arise here as well. But when taking into
account current population size and supply of GP care, the three provinces are the regions in which
the shortage is the least severe. Expected consumption relative to current consumption increases the
most for Flevoland and Utrecht, relative supply increases most for Drenthe and Limburg. The highest
relative shortage is expected in Flevoland, Overijssel and Friesland.

Since the scope of the shortage depends on the population prognosis from CBS/PBL and initial
differences with regard to relative inflow rates and productivity, the development of these values will
be described separately for all provinces. Terms like “low”, “moderate” and “high” indicate the score
from a region relative to the other regions; the regions are grouped in these three categories. For
clarity a quick reminder of chapter 2: The population size increases in all provinces, except Limburg.

The potential labour force decreases for most provinces and it share decreases in all provinces.

Groningen: This northern province falls short approximately 2 GP’s on diabetes by 2030, and even in
the optimistic scenario a small shortage persists, though of ignorable size. In the pessimistic scenario
approximately 11 extra GP’s on diabetes care are needed. The province has a low decrease of the
potential labour force and a high increase in the share of elderly. By 2030 the share of elderly for
Groningen is in the top four. Since relative inflow of males is low and for females it is only moderate,
Groningen belongs to the two provinces with an absolute decrease in supply of GP’s. Initial
productivity of these GP’s is low. But because the increase in consumption is also low, the absolute
shortage is low. Relative to the current capacity the shortage is high.

Friesland: This is the province in the up-northern part of the Netherlands which lies next to
Groningen. Both show an absolute decrease of GP fte on diabetes, despite the fact that Friesland has
high relative inflow rates for both males and females. The potential labour force decreases a lot,
while the share of elderly shows high growth as well. Just like for the other regions, consumption
grows faster than demand. Initial productivity is low. The absolute shortage is moderate, but the
relative shortage is expected to be high. The number of required GP’s on diabetes is comparable with
Groningen.

Drenthe: This third up-northern province is the only region in which demand does not grow faster
than supply. Consumption increase is low, because the share of elderly increases only moderately.
Supply increases despite a fast shrinking potential labour force. Probably, this is a result from the
high relative inflow of both male and female GP’s and high initial productivity. Still, demand for GP
care is expected to be larger than the supply of it. A low absolute shortage will exist; approximately 1
extra GP is needed. The relative shortage is moderate.
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Overijssel: This is a province right under the three regions that were just mentioned. The expected
shortage in number of GP’s on diabetes is moderate; approximately 3. Expected consumption and
expected supply of GP care is average, though relative increase of the supply is low. There is a low
relative inflow from males and females and initial productivity is moderate. Relative to the current
capacity the shortage in 2030 belong to the top four largest relative shortages.

Gelderland: Consumption is expected to increase a lot for this province in the mid-east part of the
Netherlands. A large increase in the share of elderly is predicted, but relative to its current
consumption of diabetes care the expected future consumption increases at a moderately level. A
fast increase in the share of elderly is predicted, while for the potential labour force it is only
moderate. In combination with the large population size, moderate relative inflow rate for both
males and females and moderate initial productivity, the absolute shortage is high. 5 extra GP’s on
diabetes care are needed by 2030. In the optimistic scenario supply is able to keep up with the
increased demand and no shortage arises. Relative to current capacity the expected shortage is
moderate.

Flevoland: This province was created in the eighties and currently has the lowest share of elderly.
Because the aging process also affects this rather young province, the relative increase in the share
of elderly is the largest of all provinces. The share of the potential labour force decreases fast, but
still is on a moderate level by 2030. Both absolute consumption and supply do not increase that
much, but from a relative point of view they do. As initial productivity is low, and relative inflow for
males and females is moderate and low respectively, the supply cannot keep up with demand and a
medium absolute shortage of 5 GP’s is expected.

Utrecht: This is a region that is centrally located in the Netherlands and belongs to the Randstad. The
current share of elderly is low, and therefore the province is among the fastest aging provinces. The
relative increase of consumption in Utrecht is the second highest, after Flevoland. Since the share of
the potential labour force continues to be high in 2030, absolute and relative supply show a
moderate and high increase respectively. Despite medium relative inflow levels for both males and
females and a low initial productivity, the expected absolute shortage will be low (approximately 1
GP) and so will be the relative shortage. In the optimistic scenario no shortage is expected.

Noord-Holland: This north-west province also belongs to the Randstad. The share of elderly in 2030 is
low and the share of the potential labour force decreases moderately. Both the absolute and relative
increase in consumption is high, whereas for supply the absolute increase is high but the relative
increase is modest. As a result of the population size, the absolute shortage is very large, but relative
to the current capacity it is only moderate. Inflow rates for male and females are low, just like the
initial productivity. In the optimistic scenario there is no shortage.

Zuid-Holland: This province lies just below Noord-Holland and also belongs to the Randstad. The
same results can be observed, but relative increase of consumption and initial productivity are
moderate, and therefore the relative shortage is low. 7 extra GP’s on diabetes are required and in
the optimistic scenario there is no shortage.

Noord-Brabant: This province has a moderate population increase, share of elderly and decrease of
the potential labour force. Despite these average scores, the absolute and relative increase of
consumption are high. The absolute increase of supply also is high, but relative to the current supply
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it is modest. The absolute shortage is very high, just like the other provinces as a result of the large
population size, but from a relative point of view it is only modest. This is caused by the moderate
relative inflow rates for both males and females and the high initial productivity. No shortage is
expected in the optimistic scenario.

Zeeland: This is the most south-west province. The relative increase in the share of elderly is low and
for the absolute and relative consumption in 2030 a low increase is expected. The increase in the
number of GP’s is low, the relative increase is modest. A surprisingly high inflow rate for both males
and females is observed and a high productivity. This province comes short approximately 1 GP, but
none in the optimistic scenario. The expected shortage is low, both from an absolute and relative
point of view.

Limburg: This is the only region in which the population size decreases already by 2030, and it is also
the only region in which no shortage of GP’s is expected. The share of the potential labour force
decreases fastest and the share of elderly changes only modest. Consumption and production both
show a modest absolute increase. Relative to current levels, consumptions shows a small increase
and supply a high increase. Combines with the high relative inflow rates and high initial productivity,
absolute expected shortage is zero.

Table 4.1: Relative development of the indicators for GP-care in 2030 per province

Index = 2007 for diabetes patients that GP fte on diabetes 2030 | Shortage of GP fte on | Share of patients that
diabetes patients consume GP care in 2030 diabetes does not receive GP
that consume GP care
care
Index = 2010 for GP
fte on diabetes

. Constant Increasing Constant | Increasing Optimistic- basic| Optimistic-
Province . L . . . N S

incidence incidence | rel.inflow | rel. inflow Basic | pessimistic pessimistic

Groningen 138 221 95 107 112 (100-179) 10% (0-38%)
Friesland 141 224 83 68 114 (103-181) 11% (3-39%)
Drenthe 136 216 173 142 112 (102-177) 9% (2-38%)
Overijssel 143 232 113 127 113 (100-183) 10% (0-39%)
Flevoland 198 336 117 134 147 (128-249) 28% (19-51%)
Gelderland 143 230 113 126 110 (99-177) 8% (0-38%)
Utrecht 152 249 118 134 102 (90-168) 2% (0-35%)
Noord-Holland 147 240 115 131 109 (96-178) 7% (0-38%)
Zuid-Holland 143 233 117 134 109 (95-177) 7% (0-38%)
Zeeland 130 205 114 126 106 (96-167) 5% (0-35%)
Noord-Brabant 144 232 116 130 110 (98-178) 8% (0-38%)
Limburg 133 209 119 134 99 (88-156) 0% (0-31%)
Netherlands* 144 232 116 162 121 (86-200) 17% (0-50%)

* The values for the Netherlands were not found by summing up the values from the regions, but
calculated for the Netherlands as a whole.

From these descriptions it can be concluded that the severity of the potential shortage is determined
by the ability from a region to adapt to the aging process. All initial values were kept constant in this
model and especially for the regions in which a relatively fast aging process is expected but where
current productivity or relative inflow rates are low, the largest relative shortages are expected.
Especially in the north-east part of the Netherlands are relative large shortages of GP care capacity
for diabetes patients expected. In Flevoland however diabetes services are expected to be
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endangered most due to a lack of GP’s. Flevoland has a relatively low inflow of GP’s and will be
confronted with the fastest aging process of all. Also, the initial number of diabetes patients per GP is
very low. In order to adapt to the future demand, Flevoland should accelerate the attraction of GP’s
and increase productivity. In the optimistic scenario not just Limburg, but also Utrecht, Zeeland,
Noord-Holland, Zuid-Holland, Gelderland, Noord-Brabant and Groningen will not be confronted with
a shortage of GP’s for diabetes services. The north-east part of the Netherlands will have a lack of
GP’s: Friesland, Overijssel and Drenthe.
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Table 4.2: Absolute development of the indicators for GP-care in 2030 per province

Number of diabetes patients with at Number of total GP fte Shortage (fte on Shortage (expressed | Shortage (number of patients
least one GP visit diabetes expressed | in fte) not receiving care)
in number of GP’s)
Province 2007 2030- 2030- 2007 2030- 2030- 2030 | 2030 2030 |2030 2030 2030
constant increased constant |increased Basic | Optimistic- | Basic | Optimistic- | Basic Optimistic-
incidence |incidence inflow inflow pessimistic pessimistic pessimistic
Groningen 22.641 31.308 50.122 324 309 345 2 (0-11) 1 (0-8) 3374 (109-22187)
Friesland 26.025 36.570 58.285 590 489 401 2 (1-13) 2 (0-10) 4392 (1094-26106)
Drenthe 20.968 28.554 45.269 209 361 295 1 (0-9) 1 (0-7) 3046 (526-19762)
Overijssel 42.697 61.043 98.934 512 580 653 3 (0-21) 2 (0-16) 7031 (303-44922)
Flevoland 10.713 21.244 35.992 191 223 256 5 (3-15) 3 (2-11) 6791 (4606-21539)
Gelderland 77.676 111.377 178.851 975 1.104 1.233 5 (0-38) 4 (0-28) 10496 (0-77969)
Utrecht 42.094 63.901 104.921 639 756 859 1 (0-23) 1 (-3-17) 1393 (0-42413)
Noord-Holland 99.209 145.780 238.532 1.321 1.520 1.725 6 (0-52) 4 (-2-38) 11434 (0-104186)
Zuid-Holland 131.614 187.951 306.918 1.663 1.947 2.228 7 (0-67) 5 (-4-49) 14860 (0-133827)
Zeeland 16.822 21.892 34.521 179 205 226 1 (0-6) 0 (0-4) 1235 (0-13864)
Noord-Brabant 95.187 137.116 220.650| 1.131 1.314 1.474 6 (0-45) 4 (-1-33) 13001 (0-96535)
Limburg 49.451 65.726 103.541 550 657 738 0 (0-16) 0 (-3-12) 0 (0-37240)
Netherlands* 635.098 912.462 1.476.530 | 7016,4 9259,4 12987,9 17 (-16, 79) 12 (-11-58) 179161 | (-165657, 852929)

* The values for the Netherlands were not found by summing up the values from the regions, but calculated for the Netherlands as a whole.
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Results- hospital care
Tables 4.3 and 4.4 show absolute and relative values of the indicators for hospital care in 2030 per
region. Again the development of the variables will be described per province.

Groningen: In Groningen the expected shortage of medical specialists is moderate; 7 extra are
needed. The decreasing share of the potential labour force is low and inflow rates for both males and
females are high. The absolute amount of medical specialists on diabetes decreases and productivity
per fte is low. But, as the aging speed is moderate, and though the initial number of clinical
admissions is high, the number of clinical care days is low, also for elderly. As a result, consumption
increase is low and the expected absolute and relative shortage are both medium.

Friesland: For this region the aging speed is very high and the share of the potential labour force
quickly decreases. Also the inflow rate for both male and female specialists is low. As a result, the
supply decreases and consumption increases. Still, the absolute shortage is low and only 4 medical
specialists are lacking. The initial average number of admissions is high, but productivity is high as
well and the average number of clinical care days is low and for elderly only moderate. As a result,
the absolute shortage may be small with only 4 specialists, but relative to the current capacity this
shortage is high.

Drenthe: Both the absolute and relative shortage of medical specialists on diabetes is low for
Drenthe. This is a result from low increase of consumption, high productivity and a moderate and low
scores on average number of admissions and average number of clinical care days respectively. The
potential labour force decreases steeply and the inflow rates for males and females are low, and
therefore absolute supply decreases.

Overijssel: In this province the potential labour force does not decrease that fast, but as the inflow
rate for males is moderate and for females it is low, total supply decreases. The aging process is
moderate and the average number of clinical care days is high, as a result the absolute and relative
consumption increases to a medium level. As productivity is average as well, this results in a
moderate shortage of 9 specialists. Relative to current capacity this is a large shortage.

Gelderland: This province will face a fast aging process. The average number of admissions and
clinical care days is moderate, productivity is moderate and therefore there is a high increase of
consumption. The share of the potential labour force decreases at a moderate pace, and male inflow
rates are high, but because supply decreases, the absolute shortage will be high. Compared to the
current capacity the shortage is average.

Flevoland: Flevoland faces a steep aging process, and also the share of the potential labour force is
changing quickly. Inflow rates are low and supply is more of less constant over time. Relative
consumption increases a lot because the initial number of admissions and clinical care days for
elderly patients is high. Despite the increase in the relative consumption, the absolute consumption
increase is low and only 1 extra specialist is needed. This is a result of high productivity and a low
average number of clinical care days. Though in the end the absolute shortage is low, the shortage
relative to current capacity is high.

Utrecht: The potential labour force in Utrecht is not decreasing that fast as for other regions and also
the share of elderly grows only slowly. The inflow rate for male medical specialists is high and for
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females it is average. Still, both the absolute and relative shortage is expected to become high; 12
specialists. This results from a decreasing supply while demand keeps growing. Relative consumption
increases a lot, because productivity is low and the average number of clinical care days is high.

Noord-Holland: Also for Noord-Holland the aging process is not severe. The relative decrease of the
share of the potential labour force is medium and supply increase is high, both absolute and relative.
Despite the heavily increasing consumption and low productivity, the absolute shortage is medium
with 10 extra medical specialists required and low compared with the current capacity.

Zuid-Holland: For Zuid-Holland a similar pattern can be described; a high increase in the supply of
medical specialists, both absolute and relative, as a result of a hardly decreasing share of the
potential labour force and moderate inflow rates for male and female specialists. Consumption
relative to the current level shows only a medium increase, though the initial average number of
admissions is high and so is the average number of clinical care days per admission. Productivity is
moderate. Al together, the absolute shortage with 22 specialists is high and relative to the current
capacity it is moderate.

Noord-Brabant: The share of elderly and the potential labour force decline at a medium level for this
region. Productivity is moderate and the average number of admissions and clinical care days is low,
but the average number of clinical care days for elderly patients is high. Total consumption increases
a lot, also from a relative point of view. Supply increases fast as well, because female inflow rates are
high. For males these are low. The absolute shortage is high with 18 specialists, but relative to the
current capacity it is moderate.

Zeeland: This province has high inflow rates for both male and female specialists. Also, the aging
speed is low and the decrease of the share of the potential labour force is moderate. Total supply
decreases, but consumption is low. Despite the low productivity, the absolute shortage of 12
specialists is moderate and the relative shortage is low.

Limburg: Limburg will age quickly and sees her share of the potential labour force decline at a fast
rate. Still, the relative increase in consumption is low and also the average amount of admissions is
low. Productivity is very high and so are female inflow rates. Therefore, both the absolute shortage
and the relative shortage are low. In the basis scenario Limburg has 2 medical specialists short, in the
optimistic scenario the number is approximately zero, which is unique.

For hospital care, the results are very different from GP care. Whereas for GP care consumption the
development of the total amount of diabetes patients was of most importance, the consumption of
hospital care will depend mostly on the share of elderly diabetes patients as average consumption
steeply increases with age. Also for supply some more extreme outcomes can be observed, because
the regional differences with regard to the inflow rates for male and female specialists are much
more pronounced than they were for GP’s. From the index numbers it can be observed that demand
for clinical care days increases faster than the supply of medical specialist fte. Demand for clinical
care days increases in all provinces as a result of aging. The largest absolute increase can be observed
for Zuid-Holland and the smallest for Zeeland and Drenthe. Supply from medical specialists fte on
diabetes decreases in all provinces, except in Flevoland (stays more or less the same), Noord-Holland,
Zuid-Holland, Noord-Brabant and Limburg. This is due to the large differences between inflow rates
for males and females, which did not cause a total decreasing fte for GP’s, but does for medical
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specialists. The largest shortage can be observed in Zuid-Holland, the smallest in Flevoland. When

taking into account current demand and supply, expected consumption increases most in Utrecht,

and the increase for supply is highest in Limburg. For the regions in which supply increases, relative

supply cannot keep up with the increase in relative consumption. The relative shortage is most

severe in Utrecht and least severe in Limburg. If the inflow rates are assumed to grow with 2 percent

per year, the only region where total supply of fte will still be decreasing is Friesland, which combines

low inflow rates with a fast decreasing share of the potential labour force. In the optimistic scenario

the size of the shortage in Limburg will be very small, whereas all other provinces still have a
sufficient shortage. From these descriptions it can be concluded that initial productivity has a large

impact on the size of the expected shortage.

Table 4.3: Relative development of the indicators for hospital care in 2030 per province

Index = 2007 for Total number clinical Specialist fte on diabetes | Shortage of Share of patients that
consumption of care days for diabetes in | 2030 specialists fte on does not receive
clinical care days 2030 diabetes clinical care days
Index = 2007 for
specialist fte on
diabetes
Province Constant | Increasing | Constant Increasing | Basic Optimistic- | Basic Optimistic-
incidence |incidence inflow inflow pessimistic pessimistic
Groningen 147 216 89 106 165 (139-242) 39% (28-59%)
Friesland 144 223 80 94 180 (153-278) 44% (35-64%)
Drenthe 130 208 85 100 154 (130-246) 35% (23-59%)
Overijssel 154 241 88 104 176 (148-274) 43% (33-64%)
Flevoland 178 304 99 119 179 (150-306) 44% (33-67%)
Gelderland 153 232 90 107 169 (143-257) 41% (30-61%)
Utrecht 174 267 93 112 186 (156-285) 46% (36-65%)
Noord-Holland 157 246 103 124 152 (127-238) 34% (21-58%)
Zuid-Holland 152 239 102 123 148 (123-234) 33% (19-57%)
Zeeland 140 204 98 118 143 (118-207) 30% (16-52%)
Noord-Brabant 157 237 101 123 155 (128-234) 35% (22-57%)
Limburg 137 208 109 133 125 (102-190) 20% (2-47%)
Netherlands* 153 237 87 102 177 (150-273) 43% (33-63%)

* The values for the Netherlands were not found by summing up the values from the regions, but

calculated for the Netherlands as a whole.
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Table 4.4: Absolute development of the indicators for hospital-care in 2030 per province

Number of clinical care days Number of specialist fte spend | Shortage (number | Shortage (fte on | Shortage (number of patients
on diabetes of specialists) diabetes) not receiving care)

Province 2007 2030- 2030- 2007 2030- 2030- 2030 |2030 2030 |2030 2030 2030

constant |increased constant |increased | Basic Optimistic- | Basic | Optimistic- | Basic Optimistic-

incidence |incidence inflow inflow pessimistic pessimistic pessimistic
Groningen 4.448 6.554 9.627 10,2 9,1 10,8 7 (5-15) 6 (4-13) 13.947 (9.945-33.983)
Friesland 4.980 7.175 11.108 4,9 3,9 4,6 4 (3-8) 3 (2-7) 18.326 (14.285-43.023)
Drenthe 3.923 5.111 8.178 3,3 2,8 3,3 2 (1-5) 1 (1-4) 11.269 (7.454-30.906)
Overijssel 8.905 13.754 21.483 11,5 10,1 12,0 9 (7-20) 8 (6-18) 29.846 (22.602-72.800)
Flevoland 1.971 3.501 5.983 1,6 1,5 1,8 1 (2-4) 1 (1-3) 10.744 (8.059-28.289)
Gelderland 12.705 19.440 29.463 19,0 17,1 20,3 14 (10-31) 12 (9-27) 51.654 (37.770-126.052)
Utrecht 6.762 11.795 18.040 12,9 12,0 14,4 12 (9-26) 10 (8-22) 33.724 (26.174-79.162)
Noord-Holland 16.903 26.454 41.535 26,1 26,9 32,3 10 (10-43) 14 (9-37) 56.648 (34.749-160.770)
Zuid-Holland 27.981 42.543 66.994 38,9 39,8 48,0 22 (13-61) 19 (11-53) 69.743 (40.109-203.869)
Zeeland 2.845 3.991 5.799 24,1 23,7 28,5 12 (6-29) 10 (5-25) 7.394 (3.853-20.564)
Noord-Brabant 13.755| 21.610| 32.614 14,9 15,1 18,3 18 (14-23) 8 (5-20)| 54.970| (33.929-145.843)
Limburg 5.905 8.067 12.291 6,3 6,9 8,4 2 (0-7) 2 (0-6) 14.672 (1.777-56.383)
Netherlands* 110.975| 170.071| 262.835 89.2 116.4 262.9 134 | (102-302)| 116| (89-263) 13.947 (9.945-33.983)

* The values for the Netherlands were not found by summing up the values from the regions, but calculated for the Netherlands as a whole.
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When summing up the regional values, it can be seen that the sum of shortage and surpluses per
region is inconsistent with the shortage that was calculated for the Netherlands as a whole. For GP’s,
in the basic scenario, the shortage on a national level is 12.2 fte whereas the sum of shortage and
surpluses from all regions is 28.3 fte. The difference of 16.1 full time jobs is considered to be a result
from rounding errors and to some extend from the assumed initial age structures and inflow rates for
GP’s. In the optimistic scenario there is a surplus of 11.2 fte on a national level, and the surpluses and
shortage of the regions sum up to a surplus of 10.2. The difference is 1 full time job, which is smaller
than in the basic scenario. For the pessimistic scenario the shortage on a national level is 57.8
whereas the sum for all regions is 232.3. The differences between inflow rates per region become
much larger when a growth rate of 2 percent per year is assumed. This makes clear that the different
structure of the national amount is causing the deviation.

Also for medical specialists there are deviations between the supplies calculated on a national level
and the sum of supply from all regions. The shortage on a national level is much higher than the
shortage of the sum of the regions for all scenarios. this is due to different initial values per region,
different inflow rates and the effect from the assumed 2 percent growth per year. For the optimistic
scenario the difference is the largest(27.9 fte), and for the basic scenario it is smallest (26.9 fte). The
deviations are not that extreme as for the GP’s, which is a result from the assumption that the
relative amount of specialists per regions is estimated via the hospital personal, whereas for GP’s the
initial total amount was observed.

When the sum of regional shortages and surpluses is compared with the sum of only the shortages, it
becomes clear that mobility of GP’s among the regions could lead to a lower total shortage. For GP’s,
the sum of the shortages per region is equal to 3.0 fte in the optimistic scenario. If surpluses from
some regions can move towards the regions where a shortage exists, all shortages can be solved. For
the basic scenario and the pessimistic scenario this does not count. In the basic scenario only
Limburg has a small surplus, and moving that towards other regions has hardly any effect on the total
sum of shortages. In the pessimistic scenario there are nowhere surpluses so the effect from mobility
is zero. When the shortage is expressed in number of GP’s instead of full time equivalents, the
shortage on a national level is 17, whereas the sum of shortage and surpluses per region would lead
to a total shortage of 39. In the pessimistic scenario the deviation is larger; a shortage of 318 GP’s
when summed up and a shortage of only 79 GP’s when calculated for the Netherlands as a whole. In
the optimistic scenario the summed regions lead to a surplus of 13 GP’s, whereas on a national level
a surplus of 16 GP’s is estimated. If there is no mobility at all among the regions, the surplus of GP’s
in the optimistic scenario for the Netherlands as a whole changes into a shortage of 4 GP’s. For the
basic and pessimistic scenario there is no benefit from mobility possible, as the small surplus for
Limburg in the basic scenario is less than one GP. For the medical specialists there is no such effect,
as no regions have a surplus.

Besides the assumption that there is no mobility of GP’s per region, many assumptions were made
and it is important to further discuss the consequences from these assumptions on the results. The
four basic ingredients of the model are the demographic structure form CBS/PBL, the regional
differences for initial consumption and supply, the assumption that these differences will persist over
time and the use of an optimistic and pessimistic scenario. All will now be discussed.
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Ingredient 1: Expected demographic developments

The demographic developments are dependent the expectation that historical trends are continued
and regional differences persist. The most important assumption of this study is that the regional
demographic population projection from the CBS/PBL is true, as it is input for all calculations. For the
national prognosis 95 percent confidence intervals are available, but for the regional level there are
none. The longer the projection period, the more uncertain outcomes become.

There are large regional difference with regard to fertility, mortality and health, and migration.
According to estimates from CBS, the national average life expectancy at birth in the period 2005-
2008 is 80,1 years. Some GGD regions” show significant differences with this national average as can
be seen from figure 2.2. With a p-value of 0.01 the regions GGD Drenthe, GGD Zeeland and many of
the GGD regions in the west part of the Netherlands show a relative high life expectancy at birth.
Causes of differences in regional life expectancy are differences in educational level, ethnicity and
welfare (Van der Lucht and Polder, 2011.).

Figure 4.1: Regional difference for life expectancy at birth
source: RIVM (2010c) translated from Dutch
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For the regional demographic projection it is assumed that relative regional trends for fertility persist
in future. An example of a variable that explains fertility is the amount of single women, as fertility
mostly stems from couples.

* There are 28 GGD regions, which determine the geographical area for local health care services. They were
installed in 1990 by the ministry of welfare, health and culture (Statline, 2011k).

58



Figure 4.2: Regional differences for fertility
source: Statline (2011j) translated from Dutch
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The potential labour force is highly influenced by migration and mobility. The PEARL model
distinguishes long distance and short distance movers, and takes into account destinations and how
these are influenced by housing facilities. Especially on an aggregate level of municipalities, this leads
to high insecurities. In general migration exaggerates the aging problem, as immigrants mostly move
to the areas with a high population density and also many young individuals move for example
towards the Randstad for work and education (De Jong and Van Duin, 2011: 12).

For this study the comparison between the number of elderly and the potential labour force is of
most interest, as elderly are considered as major consumers and supply is taken care of by the
potential labour force. This information can be captured by the old-age dependency ratio, which is
the ratio of elderly and the potential labour force.

Table 4.5: Development old-age dependency ratio

Source: Statline (2011a)

province 2010 | 2030 | province 2010 2030
Zuid-Holland 23% 37% | Noord-Brabant 26% 45%
Noord-Holland 23% 39% | Groningen 25% 45%
Zeeland 28% 47% | Gelderland 26% 48%
Overijssel 26% 44% | Limburg 28% 52%
Utrecht 22% 37% | Flevoland 16% 36%
Friesland 46% 80%

Drenthe 34% 59% | Netherlands 25% 43%
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The relative increase of the old-age dependency ratio is well above the national average for the
provinces Flevoland, Limburg and Gelderland, whereas is it smallest for Zuid-Holland, Noord-Holland
and Zeeland.

The smaller the region, the larger the error. In this study a region is defined by provinces. This level of
aggregation is higher than the initial regional projection per municipality and decreases the utility
from the specific projection, but on the other hand it makes it more reliable. Hospital data on a
municipal level is not available as not all municipalities have a hospital. For purpose of demographic
development a province is a very suitable definition of a region, but per indicator another definition
might be more suitable. For example for supply the educational area might be more suitable,
because it is a major determinant for relative inflow of GP’s and medical specialists. For hospital
consumption the geographical patient circle might be a good alternative (because there might be
patient mobility). Because data for diabetes on any regional level was hard to find and all different
aspects are combined in one study, provinces are considered the best definition of a region.

Ingredient 2: Initial values of the parameters differ per region

The initial values for consumption and production are a starting point for this thesis. It is assumed
that observed regional differences are all of significant size. Not for all parameters a regional
difference could be observed, other than for demographic structure. GP care consumption specific
for diabetes, was levelled down from a national level via the demographic structure and no regional
differences otherwise can be observed or assumed. This would make a regional projection less
valuable. But, since for supply the stock of current GP’s and fte was available on a regional level, the
combination of consumption and production can indicate where shortages can be expected on a
regional level as from the labour supply and initial assumed productivity at least some regional
difference is captured. For hospital care this problem is less severe, as the consumption indicator for
diabetes was region specific. The supply side was only partially region specific, as the regional stock
of hospital personal was available.

Initial consumption of diabetes care services

The provinces Flevoland and Friesland had the highest relative number for clinical admissions for
diabetes in 2007, the provinces Limburg and Zeeland the lowest (See also table 3.13). There can be
several reasons underlying these differences. First of all, the data is not standardized for age and
gender, but only for the diabetes population. Since the diabetes population is each region is
dependent only on the demographic structure of that population, it is assumed that this does not
bias the relative shares of clinical admissions too much. However, in reality the diabetes population
might have a demographic structure that differs from the one on a national level. The number of
elderly patients or the share of patients who have the disease for a very long time might be higher in
some regions than in others, causing the average number of clinical admissions to be higher as well.
Another reason for different relative consumption of clinical admissions is that the diabetes
population in some regions is in worse average shape than in other regions due to other factors than
age. This can happen naturally or can be result of differences in quality of treatment, for example if
glucose levels are not controlled properly, lack of early diagnosis or a high prevalence of another
disease like asthma (which is believed to be influenced by environmental circumstances) which
worsens the condition of a diabetes patient. Diabetes patients might also have a worse health status
because they for example do not quit smoking or do not lose weight. From figure 4.3 the relative
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amount of people that dies from diabetes can be observed per region. If the health status of diabetes
patients is bad, it is likely that the relative amount of deaths from diabetes is high as well and the
relative consumption of clinical admissions will be high. This is not shown by the figure.

Figure 4.3: Regional differences for deaths from diabetes
source: RIVM (2010a) translated from Dutch
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Also the most prevailing type of complications might be different per region; If a region has a
relatively high level of diabetics with micro-vascular complications like eye problems, the type of
health care demanded will be different from a region in which diabetics relatively have a lot of
cardiovascular problems. Another major assumption is that all diabetes patients are included in the
diabetes population. Diabetics living in a nursing home are excluded from the estimated diabetes
population, but if they need a clinical admission the doctor from the nursing home will send them to
a hospital and so they are included in the statistic for clinical admissions for diabetes. Consumption
of GP care for diabetes includes patients with pregnancy diabetes. This explains why the share of
patients with at least one GP contact for females aged 15-30 is larger than 100 percent.

Another reason might be that there is mobility of patients. Some regions might attract ‘more
complex patients’ from other regions because they have some specific expertise, or because the
hospital just across the border of the province is simply more nearby. Also, there might be capacity
differences between regions which can have a push or pull effect on patients. Or the labelling
problem for clinical admissions does not affect all regions to the same degree. Another might be
tourists. The province Zeeland is confronted with mass tourism during the summer months, which is
not included in the population but could demand diabetes care services (Capaciteitsorgaan 2010b:
20). The effect from this tourism on capacity is unknown.
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The province Zeeland and Zuid-Holland show the highest average duration of a clinical admission for
diabetes, whereas Flevoland and Friesland show the lowest number of average clinical care days (see
table 3.14). Most of the reasons that were just mentioned to cause regional differences for the
average number of clinical admissions might be valid as well in explaining regional differences with
regard to the average duration of an admission. An additional reason might be that in some regions
there are waiting lists, which causes the condition from a patient to get worse while waiting and
results in a longer duration of the admission. Or a hospital has less eye for comorbidity issues which
are common for elderly and therefore the duration of the clinical admission is longer. Also, a relative
short duration of a clinical admissions might be a result of better facilities for patients that need help
after they have been discharged from the hospital. In that case a hospital does not need to postpone
discharge until that help is arranged.

Initial stock and relative inflow of GP’s and specialists

The current stock of GP’s might have a different age composition per region, which causes the stock
to be depleted earlier on or later on than the national age composition implies. For medical
specialists not only the age composition, but also the share of medical specialists that is on a payroll
of a hospital and the share of medical specialists among hospital personnel might be different and
lead to a different stock of medical specialists than was calculated in this study. Some hospitals for
example might have more overhead personal or nurses relative to specialists, this might deviate the
result. Also the assumption for the share of each gender that was applied to all regions for both GP’s
and medical specialists might bias lead to a bias in total fte per region. The number of hospital
employees that was estimated for Zeeland is probably an overestimation, as it is not very likely that
the total number is larger than Gelderland, as the latter has a much bigger population size. This bias
also affects relative inflow rates for medical specialists in Zeeland and initial productivity.

Relative inflow rates for both GP’s and medical specialists were calculated with the assumption that
the age composition of the current stock is the same in each province. However, if a region has many
old workers, the initial inflow rates might be low, whereas it will be the other way around if the share
of young workers is relatively high. The same goes for gender. The regional differences for relative
inflow rates are assumed to capture the fact that some regions have less medical schooling facilities.
These regions are more dependent on inflow of medical specialists from other regions. Academic
hospitals are the most important medical schooling facilities. These important educational areas,
called OOR’s, are not equally divided over the country: 5 out of 8 are located in the Randstad
(Capaciteitsorgaan, 2010a: 27). See also figure 4.4. Regions without a medical schooling facilities
have extra trouble if the total available number of medical manpower decreases. Also if the relative
share of female inflow is larger than in other regions there is problem, because more inflow will be
needed to keep up capacity as a result of the part time jobs women tend to have. These concerns
about regional labour markets has been described for the North-Eastern part of the Netherlands in
the rapport “R factor revised”. In 2008 this OOR had 68 percent more vacancies than other regions
(Toegepast Gezondheids Onderzoek, 2009:7). Indeed, when comparing figure 4.4 and the relative
inflow rates of medical specialists, the regions with an academic hospital do have the highest inflow.

Regional initial inflow rates can also assumed to be a measure for attractiveness of a region for
health care professionals. Females GP’s for example often work in highly urbanized areas and areas
where GP’s work in groups instead of solo. The share of group practices differs per region and causes
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differences in relative female inflow. The provinces with the largest share of GP group practices in
2009 were Flevoland, Utrecht and Drenthe. The lowest share of this type of GP practice could be find

in Friesland and Zeeland (2010b: 18-19).

Figure 4.4: Location medicine training facilities in the Netherlands

Circles present medical training areas (OOR’s in Dutch), round points are hospitals with education and
training facilities, square points are academic hospitals.

source: Nederlandse Federatie van Universitair Medische Centra, 2005
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Initial share of fte on diabetes

For GP care there are no differences for initial share of fte that is spend on diabetes, as for all regions
it is assumed that this is approximately 3.25 percent. There might be regional differences as a result
of the share of type 1 patients (less GP demand) and elderly who have diabetes (more GP demand).
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Regional differences might also result from the existence of expertise centres or research groups that
attract relatively many specialists related to diabetes or diabetes patients.

Initial productivity

Productivity in 2007 per region is the result of the parameters that just have been discussed. If all
these different values for the parameters can be justified, the differences in productivity can be
caused by some factors. They might result from differences with regard to the availability of
substitutionary care workers. In this way, the share of time that a GP needs to spend on a diabetes
patients can be less than in other regions. For specialists the share of diabetes clinical care days as of
total clinical care days for all diagnosis is used; a change in productivity might be caused by false
labelling of these clinical care days. If the average duration of a clinical admission is low, the
productivity of a medical specialists might be higher. The average distance towards GP patients might
result in a lower productivity, as GP’s need to spend more time on travelling. Indirectly the share of
fte spend on diabetes is probably higher, as only one indicator is used.

Ingredient 3: Initial values of the parameters are constant over time

Except for the scenarios, all initial values are assumed to be constant over time and no trends from
the past are included. As determinants of demand for health care prove to be dynamic, the this
might affect the outcome.

Constant relative consumption of diabetes care services

The need for clinical admissions (or the frequency or duration) may decrease over time as a result of
improved health care. Feldstein (2005: 41) notes that health care services have improved over time
shown by declining mortality rates for example for cardiovascular disease. This is also what Van der
Lucht and Polder (2010) describe. The need for clinical admissions might also decrease if the health
status of the diabetes population gets better. This can be a result from increased care, but will also
happen if the share of patients that embraces a healthy life style increases. But, a healthier life might
also lead to a longer life and risk on developing other diseases.

Relative consumption of clinical care days changes over time if cohorts with many complications die,
and new cohorts arise. Also, the type of complications might change over time; nowadays diabetes
patients for example have far less food amputations than in the past. This decreases the number of
clinical admissions. Also, specialization of hospitals and bargaining power from insurance companies
might lead to more mobility of diabetes patients, causing shifts among the regions in the upcoming
decade. Regional differences might fade away over time if the problem of false labelling becomes
less in some regions.

Clinical admissions for diabetes in general show a declining trend (see figure 4.5), though the number
of (diagnosed) diabetics has only been increasing (Baan et al. 2005: 37). The time series for the share
of admissions however cannot be linked to the number of diabetes patients because data lacks and
without a linkage to the diabetes population an analysis of the trend makes less sense for use. The
trend for relative hospitalizations can be a result from less demand, or changed demand. Some
substitution effect can be discerned when looking at the trend of the relative share of day
admissions, which is increasing. Not just for diabetes care, but for all sorts of health care services the
number of clinical admissions is declining as more and more services require a day admission only.
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With a decreasing difference between life expectancy of males and females, it is likely that some care
is substituted by informal care as at higher ages more often a spouse is still alive to. It might decrease
the duration of a clinical admission or supports the patient in following life style advices or
medication adherence.

Figure 4.5: Development relative number of
admissions for diabetes on a national level
source: Statline (2011h)
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The share of patients with at least one GP contact per year is not likely to be constant over time, as
the share of type 1 patients (who are typically treated by the internist instead of a GP) as of the total
diabetes population decreases over time. Because only incidence rates for type 1 and type 2 DM
together are available, this could not be modelled. Also, the diabetes protocol describes that 100
percent of the diabetes patients should have four contacts with their GP per year (Nederlandse
Diabetes Federatie, 2007). Also, if health care improves and the complications phase of diabetes
patients is postponed, this might lead to increased GP consumption because GP’s treat the patient
mostly during the chronic phase.

New technological developments, like the transplantation of insulin producing cells for type 1
diabetes patients (LUMC, 2009), could become more widespread. Such new developments can mean
a huge improvement for the patients, but will also increase expenditure and claims manpower. Also,
consumer preferences and institutional changes might change the relative consumption from
diabetes care services. If for example higher private payments for some services are installed (for
example for therapy to get rid of smoking addiction) or if non-price rationing is introduced in order to
contain costs, consumption will change.

Constant relative inflow levels of GP’s and medical specialists

Inflow levels can change over time if there is domestic migration for GP’s and medical specialists. This
is assumed not to happen, or at least not to have an effect on the stocks per region. As relative
inflow levels are assumed to capture the effect from the regional availability of training facilities,
they might change if new education areas come into existence. It is not likely that a new academic
hospital will be built, though facilities in the current important education areas might get an
increased capacity or get more spread over the regions via dependences. Also, if salaries are adapted
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in order to attract specialists or GP’s towards a specific region, the relative inflow levels might
change. Less likely, but also possible, is that relative inflow levels change as a result of a reallocation
policy (for example via handing out a fixed number of work-licenses per region). Initial inflow levels in
all regions can be affected by economic growth. Not only does economic growth influence the
financial room for increasing salaries, a job in the health care sector might also become more
attractive during economic downturns because the sector is less cyclical than for example financial
services. More students might choose for medical schooling and relative inflow can increase. The
trend that more and more women become GP or medical specialist is not included in the model. If
this trend continues, the available fte will not increase proportionately because women on average
work less hours. If they will start working more hours, the supply of fte will increase. Also the trend
of male care workers that have part-time jobs is not included.

Constant share of fte spend on diabetes and constant productivity

Development of other diseases might be at the costs of time spend on diabetes, or the other way
round. If the productivity of diabetes care lags behind the productivity of health care services for
other diseases, the share of fte spend on diabetes can increase. Or time spend on overhead might
increase, at the cost of actual patient contacts. Also a change in consumption towards less time
consuming types of diabetes care might cause the share of fte spend on diabetes to decrease over
time. Fte spend on diabetes might decrease if less time consuming services are demanded than
before. An example is that the fte of the group of medical specialists spend on diabetes may
decrease if high blood pressure for diabetes patients is prevented via medication as this decreases
the expected number of patients that develop eye problems and lead to a lower number of eye
operations for diabetes.

The calculation of the share of the fte spend on diabetes is an estimation based on only one type of
services. Not only is data about other types of services for diabetes patients lacking (on a regional
level), also the weight from these services in total fte is unknown. The use of only one parameter for
consumption of GP care and one for hospital care is a huge simplification and if the composition of
services consumed by diabetes patients changes, the share of fte spend on diabetes might be
increased or decreased. For example, if less patients get a hospital admissions, also the number of
specialist consultations will decrease, as part of them are a preparation for admission or a check after
the patient has been discharged.

Required supply depends on the initial productivity per region and the absolute change in
consumption. Scarcity of health care workers that leads to increasing wages, exaggerates the relative
price effect, but in the same time motivates to increase productivity. Erken et al. (2010) mention that
in the past some ups and downs of productivity can be observed. Therefore, in a more realistic
scenario at least some productivity growth can be expected. This growth can be the result from more
efficient ways of working, for example via ICT, but also from spending less time per patient. It is not
necessarily an improvement of quality of care as well. Another way in which productivity can
increase is by shifting tasks to complementary care workers. It is likely that the tasks of GP’s and
medical specialists may change in the future. Especially for GP’s there is a shift of tasks to assistants;
per GP fte there currently is 0.86 fte of assistants. In 2001 already 45 percent of GP’s had an assistant
specialized in diabetes (Poortvliet et al., 2007). The introduction of the chain DBC for diabetes can
lead to a more efficient use of input factors as well, since only the care services are described. An
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example would be that not the GP, but a pedicure does the yearly diabetes foot check-up. After a
year of trials with chain care for diabetes a first evaluation rapport from RIVM concludes that it is too
early to detect improvements in care or costs (Struijs and Baan, 2009).

Ingredient 4: Two scenarios

A pessimistic and optimistic scenario has been created in order to provide some boundaries for the
results. The pessimistic scenario lead to increased consumption, whereas the optimistic scenario lead
to increased supply. For both some assumptions were made that influence the results.

Incidence scenario

A basic assumption for the future number of diabetes patients is that the non-diabetes population is
equal to the total (projected) population minus the (projected) diabetes population. This is not
exactly the case, because diabetes patients have a relative mortality risk that is larger than one.
Therefore, the higher the share of the population with diabetes becomes, the more people die
earlier than was foreseen and this will have a decreasing effect on the total population. But since the
decreasing effect on the population size is considered to be only very small and the uncertainty
about the future regional demographic structure on itself is already quite high, adding this effect
from the share of diabetes patients will hardly have any effect.

Relative mortality risks for diabetes used in this thesis stem from the eighties and are observed in
Finland. It is assumed that they hold for the current and future Dutch situation as well. Given the
developments in health care since that period, it is likely that these relative risks are outdated since
health care has improved. If the rates are constant over time, the life expectancy of diabetes patients
is increasing proportionate with the life expectancy of non-diabetics. If the rates decrease, the life
expectancy of diabetes patients will increase disproportionately, and the total number of diabetes
patients will increase.

In the most pessimistic scenario, the Netherlands is following the United States with regard to
obesity. Simply applying US incidence rates per age group to the Dutch population with some time
lag will lead to strange predictions as the current incidence rate among elderly in the Netherlands is
higher than for the American elderly (see also table 4.6). Increased incidence as a result of obesity
might move the bulk of incident case to younger age groups and as a result less elderly might get the
chance to develop diabetes because they die earlier. It can also work out the other way around:
higher expected life span might move the pike of diabetes incidence, which is currently at the age of
75, towards a higher age class, because people are longer at risk of developing diabetes when they
do not die in between. Also, one can debate the effect of initial prevalence on the relative risk: there
can be some diminishing marginal effect from the share of obese people.

Table 4.6: Incidence per 1000 individuals per age group
in 2007 for the US and the Netherlands
Source: CDC (2011)

18-44 45-64 65-79
United States 4.2 12.8 12.9

Netherlands 2,5 13,2 18,2
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The obesity impact from the United States on diabetes is therefore calculated in an indirect way;
Dutch obesity rates increase with ‘US speed’. The perspective is not that the Netherlands are twenty
years behind the US, but that the US is approximately twenty years ahead of the Netherlands. US
obesity levels per gender over the past ten years are used to calculate the yearly growth rate.
Currently, for all age groups the US obesity rates are higher than in the Netherlands. Since incidence
increases most for the middle-aged and less for the elderly (see also table 3.9), this scenario does
increase the aging effect, but this effect is overwhelmed by an even larger increase in diabetes
prevalence among the middle-aged. When looking at the average number of clinical care days per
patient, this number is smaller for the increasing incidence scenario than the constant incidence
scenario, because the weights from the different age groups have changed. The increasing incidence
scenario can therefore best be reviewed as the situation in which a lot of capacity is claimed by new
non-elderly patients which merely add to the aging problem than increases the aging effect on itself.

The development of obesity in the most pessimistic scenario was based on a brief analysis of some
US data. The growth rate depends on the observed period, and this was determined by the
availability of observation periods. The number of years that the US is ahead on the Dutch with
regard to obesity is simply assumed to be equal for all age classes. Of course, this time period may be
larger for some age classes than for others. Also, it is only assumed that the increase in obesity has a
linear functional form, which might not be true. Table 3.7 shows that only the difference of the share
of obese elderly females is relatively small. Children are not included, which is a shortcoming of the
model. Also, it is assumed that the share of obese and overweight people is the same for all regions,
whereas in reality there are regional differences. But since these are not available per age class, the
choice was made not to include these regional differences when calculating the increased incidence
rates.

The duration of overweight and obesity has influence on the relative risk on diabetes, but is ignored
in this thesis. In the increasing incidence scenario the future number of diabetes patients increases
due to a future increase of the share of obese individuals. In this way, only the expected
development of the number of obese is of influence on the incidence rates, whereas in reality there
will also be an effect from increased obesity in the past on incidence rates in the future. In this
scenario there is no lagged effect on the development of incidence rates from previous obesity
trends, and therefore the calculations are biased.

Also, the methodology by which the information on overweight and obesity was gathered by CBS, via
health surveys, might lead to biases as they are based on self-reported length and weight. The
prevalence of overweight and obesity therefore probably is an underestimate (Baan et al. 2005). For
the relative risk from obesity only a minimum and maximum value was given in a report from Baan et
al. (2005). These have been applied to a self-chosen minimum and maximum age class and were
linearly estimated for the age classes in between. The functional form of the relation between age
and relative risk from obesity is unknown. Probably the absolute relative risk per age class is wrong,
though the direction probably is correct as the impact from BMI on diabetes incidence is decreasing
with age (Narayan et al. 2007:1564).
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Growing inflow scenario

Relative inflow rates for medical specialists and GP’s can change over time due to various reasons
(see discussion earlier on). The scenario assumes that a two percentage growth per year is a realistic
maximum scenario because the number of jobs in the total health care sector has grown with 2,1
percent per year in the period 1980-2001 (Bos et al. 2004: 28). The four scenarios made by Bos et al.
(2004) include an annual increase of the number of jobs and lie between 0.6 and 1.8 percent per
year. Therefore, 2 percent annual growth of the relative inflow is assumed to be an optimistic
scenario for the general supply of doctors. Of course, the percentages mentioned in the CPB
publication might be a result of strong growth for nurses and other type of health care sector
professions, but it is assumed this is not the case. This assumption might lead to an overestimation of
the inflow growth of specialists and GP’s because they might have grown at a slower pace. On the
other hand, from data by the Capaciteitsorgaan (2010a:11) it can be calculated that the share of
registered medical specialists of the population has increased with 2,17 percent each year between
2000 and 2010. In the optimistic scenario this trend continues. The number of registered GP’s
relative to the population has grown in the period 2000-2010 with an annual growth rate between
1.4 and 1.5 percent per year (2010b: 36). An increasing inflow growth rate with 2 percent might be
somewhat exaggerated. Because of inflow is estimated on a regional level, the standard error with
regard to their development might become very large.

Comparisons with related studies

An example of a long term study with a high level of aggregation is the CPB publication from Bos et
al. (2004). The national share of health care workers as a share of the total workforce is projected for
several scenarios that differ with regard to GDP growth and institutional settings. The health care
sector expenditure as a share of GDP are expected to increase from 8.7 percent in 2001 (this is
exclusive expenditure on medical drugs and administration) to 13.3 percent in 2040 (2004: 25). The
share of health care workers as of the total workforce can be derived from the expenditure share of
GDP after a correction for lagged productivity. The share of health care workers increases from 10.8
percent in 2001 to possibly a minimum of 16.4 percent and a maximum of 18.5 percent in 2040
(2004: 28). These percentage represent 1.25 and 1.7 million jobs respectively. The authors mention
that all scenarios demand a policy to stimulate people to work in health care, as only the number of
jobs (demand for care workers) are projected, not the supply of care workers. See also figure 4.6.
Also research firm Prismant (RegioMarge, 2009: 20) gave a long term projection for demand of care
workers in 2030. While in 1969 approximately 350.000 people worked in the care and welfare
market (7.7 percent), by 2008 it had increased to 1.1 million (14.9 percent). When this trend
continues, the authors expect that in 2030 there will be approximately 1.47 million jobs for care and
welfare (19.9 percent). Because absolute supply of car workers decreases due to a declining labour
force, the relative supply must increase (2009: 21). An increasing relative supply of care workers is
exactly what this thesis simulates with the second scenario. The study from Prismant does not
calculate how many of the jobs are probably fulfilled.
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Figure 4.6: Share of health care workers as of the total workforce until 2040
source: Bos et al. (2004: 32)
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An example of a long term prediction with low levels of aggregation is the prognosis from the
Capaciteitsorgaan for required training capacity of medical specialist (2010a) and GP’s (2010b). The
combination of a long term projection and low levels of aggregation does make sense if the long
education of doctors is taken into account. An adaptation to the capacity of medical schools does not
simply require that the fixed number of students that may study is increased, but takes time because
the budget and training capacity needs to be increased as well. Therefore the adaptation needs to be
anticipated on beforehand and the projection period is relatively long. In 2010 the foundation did a
prognosis for the future number of medical specialists until 2030. Development in the past and
expected demand for 27 medical specialists was calculated. Between 2000 and 2010 the total
number of registered specialists increased from 14.717 to 19.073. The prognosis carefully takes into
account the number of doctors that enter and leave medical schools, also per specialism. If the
current absolute in- and outflow is extended to 2030, the number of specialists will be 25.740
persons (2010a: 31). In estimating the required number of medical specialists by that time, the
authors use expected hospital production by 2030. Not only demographic changes, but also several
trends that has been observed in the period 1992-2009 for hospital production and increasing
numbers of part-time workers are extended. Per specialism the effects are calculated, as for example
aging will affect some more than others. Depending on the scenarios that are discerned, a number
between 19.265 and 25.085 specialists is required by 2030 (Capaciteitsorgaan, 2010a: 60). The
required number specialists in this thesis cannot be compared with the demand for specialists as it is
calculated by the Capaciteitsorgaan because only demand for diabetes services is included. In this
thesis the total number of available specialists in 2030 lies between 17.680 and 20.902 persons. This
number is much lower than the 25.740 specialists mentioned by the Capaciteitsorgaan. A reason for
the difference is that this thesis takes into account the size of the potential labour force. Another
difference is that the methodology in this thesis is less detailed and it is assumed that current
average hospital consumption will stay constant over time. The calculation of required number of
specialists is a result of the assumption that the number is only determined by development of
clinical care days for diabetes.
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For GP’s the Capaciteitsorgaan does not expect shortages on a national level. They use three
indicators for a potential regional shortage of GP’s; the size of the population relative to the fte of
GP’s, development of absolute GP’s (increase, stable or decrease) and the share of GP’s older than 55
(expected outflow). 11 out of 42 WGR areas (this a geographical classification used for the planning
of facilities, for example schools) have a potential problem for one out of these three indicators, and
only some part of the province Noord-Holland has two. Given the projected increase in GP care
demand, the Capaciteitsorgaan states that the mobility of GP’s will be of more importance than
capacity (2010b: 19-23).

Focusing on the entire labour force of the health care sector would be too vague to project specific
shortages, but modelling only medical specialists and GP’s is also a limited approach. In 2007 the
medical specialists and GP’s formed less than 10 percent of the total number of health care workers
(Lommers et al., 2010: 17). Their productivity is dependent on complementary care workers like
nurses and assistants. This especially is important for diabetes, for which an integrated care process
is set-up. This thesis has only one indicator for primary care consumption and supply and thereby
ignores the complementary care workers, like dieticians and assistants. For adult patients the NDF
advices for example to have one full time diabetes nurse per 400 patients and one dietician per 600
patients for the quality of diabetes care (Nederlandse Diabetes Federatie, 2007: 10).

Another disadvantage of this thesis is that only regional demographic changes with regard to age and
gender are taken into account. The VAAM study from Nivel is more detailed as a range of primary
consumption is described, analysed and projected until 2014 with a linear regression model. Their
cross section dataset not only includes age and gender per region, but also the number of single
households, income groups, degree of urbanization and proportion of non-western immigrants
(Nivel, 2011: 51). The results per region (not per province unfortunately) are accessible via an online
application. Not just current and future consumption is described, also the current supply of these
primary care services is described, for example the fte of GP’s, dieticians and assistants. As discussed
in the previous paragraph, this matters for diabetes care as well. Absolute consumption now only
depends on the age and gender of diabetes patients, but no life style or regional characteristics are
included. The VAAM study does include regional characteristics to health care consumption, as they
are influencing the need for diabetes care services. Disadvantage of the VAAM study however is that
it does not model development of supply and secondary care consumption is not included. Also life
style effects are not included.

The method used in this thesis to calculate the expected consumption of diabetes health care
services is similar to the Chronic Disease Model from RIVM. The CDM models the prevalence of more
chronic diseases than only diabetes. The diabetes module is extensively described in Baan et al.
(2005), of which a lot of information has been used and discussed in this thesis. The diabetes module
is more complete than the prevalence model in this thesis, because the impact from diabetes and
other risk factors for cardiovascular complications is modelled as well. This is useful in modelling
expected hospital consumption, because focusing on for example cardiovascular disease contrary to
a focus on complications from diabetes prevent that many admissions are omitted because they
either are no result from diabetes or not labelled as a result from diabetes. As was already briefly
mentioned, the CDM predicts a number of 1,32 million diabetes patients by 2025. The factors that

5 . . . .
The online application can be found at www.nivel.nl/vaam
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are included and influence prevalence are past and future development of overweight and obese
individuals and more intense screening. Factors like smoking and physical inactivity are only included
for modelling of the prevalence of cardiovascular disease and other diseases that are partly caused
by diabetes.

Age / time to death

In this study only the demographic structure was used as an aging effect and the age profile for
consumption was kept constant over time. Wong et al. (2011) conclude that the impact from time to
death and age on hospital expenditure shows large variation when looking at specific diseases.
Would inclusion of time to death as a variable lead to different outcomes for consumption of hospital
care for diabetes?

Diabetes Mellitus is somewhere in the middle class when comparing the decedents/survivors ratio
for female hospitalized patients at several ages with other diseases. At age 35 the average
decedents/survivors ratio of expenditure was 37, and it decreases to an average ratio of 10 at the
age of 80. To compare: for lung cancer the ratios were 1028 and 146 respectively and for TIA the
ratios were 7 and 3 respectively. All ratios are significantly larger than one. This implies that time to
death has impact on hospital expenditure on diabetes. When investigating the pure effect from age
on expenditure, the authors look at the 5 year successive age ratios for female hospitalized diabetes
patients. For diabetes these ratios are 1.38, 1.26 and 1.10 at ages 70, 75 and 80 respectively, of
which the last ratio is statistically insignificant. For lung cancer for similar ages the ratios are 1.20,
0.78 and 0.47, of which the middle ratio is insignificant and the latter one is significantly smaller than
one. For a TIA the ratio are 1.45, 1.65 and 1.53, and all of them are significantly larger than one. This
implies that age is not such an important variable in explaining hospital expenditure on diabetes than
it is for a TIA, but that in comparison with lung cancer age does have some impact. The results from
Wong et al. (2011) show that diabetes is a lethal disease once a patient starts having complications
and needs to be hospitalized for it. It is assumed that there are no labelling issues that affect this
outcome. Age is of less value for predicting hospital expenditure for diabetes than time to death.

But given that volume is predicted in this study rather than expenditure, will time to death still be a
better proxy for consumption than age? The type of clinical admission is not further specified in this
study and costs are ignored, despite that costs of a clinical admissions can vary per type of
complication. Therefore, time to death is assumed not to influence the number of hospitalizations
and clinical care days as much as it influences expenditure. Age is a better indicator for future
consumption than time to death given the definition of consumption that is used in this study. What
further would complicate the inclusion of time to death as a variable for predicting future
consumption is that the highest age class for average production has no upper limit and that nothing
is said about the probably spread of health care consumption within an age class. As an increase in
life expectancy is included in the demographic projection and the relative mortality risks are kept
constant over time, the complications phase is prolonged. Given the lack of an upper limit, a
prolongation of the complications phase and constant relative consumption for the oldest age class,
average consumption for that group of patients will somewhat decrease. If the assumptions were
different, the complications phase might also be postponed or both postponed and extended. If
longevity could be included, most likely the consumption profile of clinical admissions for diabetes
will change.
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And how will time to death influence consumption of GP care? Since the average consumption is
independent from age in the methodology in this study and only the likelihood of GP care
consumption increases with age, including time to death as a variable will have no effect on GP care
consumption, given the definition used in this study.

The labelling problem makes an analysis of time to death on consumption of diabetes care services
more complicated as it is more difficult to find out what consumption can be attributed to diabetes.
But, also there is an effect from comorbidity on hospital costs. Wong et al. (2008) compare
expenditure on hospital admissions per person for diabetes mellitus among others. The profile that
they observe is dependent on the chance that a person is hospitalized. The authors mention that
average costs are higher if there is comorbidity, and the type of comorbidity has a large impact on
costs as diseases of the skin, eyes, kidneys and urinary tracts are expensive. Diseases from the
respiratory system have less impact on costs (2008: 27).
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Chapter 5: Conclusion

As elderly typically consume more health care, the upcoming aging process is expected to let health
care consumption steeply increase. This not only raises concerns about future expenditure levels, but
also about whether there will be sufficient number of people working in the health care sector to
provide these services. Expectations about the demographic structure in twenty years differ a lot per
province. Therefore, also for consumption and production large regional differences can be
expected. Whereas expenditure levels are merely a national level discussion, capacity problems as a
result of manpower shortages can differ per region. As measures to increase capacity must be
undertaken in time, it is important to gain insight in where the largest shortages will arise.

All provinces of the Netherlands will see their share of elderly and potential labour force be affected
by aging. In central and mid-western provinces the population aged between 20 and 65 will increase
during the upcoming decades, but the share of the potential labour force will decrease everywhere.
As a result, the old-age dependency ratio can differ considerably: in 2030 it will be highest in
Friesland (80 percent) and lowest in Flevoland (36 percent). Regions that currently face the lowest
share of elderly, will be confronted with the steepest aging process. The relative increase of the old-
age dependency ratio is well above the national average for the provinces Flevoland, Limburg and
Gelderland, whereas is it much less severe for Zuid-Holland, Noord-Holland and Zeeland.

A partial equilibrium model for consumption and production of diabetes health care services is used
to model future demand and supply of GP care and hospital care. With current productivity the
required manpower in the future is estimated. Consumption is measured in volumes rather than
expenditure, so that price and volume effects do not need to be entangled. The projected
demographic structure per province from CBS/PBL is used as a predisposing variable. Also morbidity
is taken account of, and in order to decrease the heterogeneity problem that this factor brings along
there is a special focus on diabetes mellitus. Diabetes is typically a chronic diseases that will gain
importance in an aging population. It cannot be cured and the disease is lethal once complications
arise. Consumption and production are measured by indicators. During the chronic phase of diabetes
merely GP care is consumed and during the complications phase more often hospital care will be
consumed.

It is assumed that current capacity is fully utilized in all regions and no latent demand exists. In order
to estimate current capacity for diabetes care per region, values for average number of patients,
their consumption and the number of main suppliers for the two specific services are estimated. It is
assumed that relative prevalence of the disease is equal for all provinces. Per province the number of
patients in 2007 is calculated. With this prevalence the regional number of patients was calculated
and the average consumption could be estimated. Consumption of GP care and hospital care is
measured by the share of patients with at least one GP contact for diabetes per year and the average
number of clinical admissions and number of clinical care days per admission per patient per year
respectively.

Not for all parameters a regional difference could be observed, other than as a result of
demographics. The combination of region specific and general data however gives an indication of
current capacity. Current relative consumption and production are combined with the regional
population prognosis from CBS/PBL. An advantage of this method is that regional differences can be
taken account of, but a disadvantage is that small deviations have large consequences when they are
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levelled up. Since no time series data on health care consumption per patient was available, trends in
consumption are not included. Also the trend of increasing female inflow rates for production is
ignored.

In 2007 approximately four people per hundred individuals suffered from diabetes and by 2030 this
will have increased to nearly six as a result of changes in the demographic structure. Given the
methodological characteristics of this study, this increase shows different results for demand of
hospital care and GP care. For GP care consumption the development of the total amount of
diabetes patients was of most importance, and hospital care consumption depended mostly on the
share of elderly patients as average consumption increases with age. Consumption of diabetes
services provided by the GP will increase steepest in Flevoland and Utrecht. The least severe increase
is expected in Zeeland and Limburg. For hospital care the provinces where relative consumption will
increase most are similar as those for GP care, though the lowest relative increase is observed for
Drenthe. In order to see what happens in a pessimistic scenario, it is assumed that an obesity
epidemic will take place and incidence rates increase. In this situation the prevalence rate of diabetes
increases from four to almost ten percent. The bulk of incident patients moves to younger age
groups and thereby decreases the relative effect from aging on diabetes. This does not considerably
change the ranking of provinces with regard to the largest and smallest relative shortages for GP care
and hospital care.

Manpower is an important production factor and the future supply of health care services therefore
depends on the number of potential care workers. Relative inflow rates are multiplied with the
projected size of the youngest age group in order to model yearly inflow. These inflow rates differ
between males and females. The effect on total fte that can be spend on diabetes depends on the
average size of the workweek. Inflow rates from females are typically higher, but as females also
have more part-time jobs, fte increases at a lower rate than the number of care workers. In
Groningen and Friesland the fte on GP care decreases and in Drenthe a relative increase in fte is
much higher than for the other provinces. For fte of medical specialists only an increase is observed
in four provinces and the largest relative decrease is observed for Friesland.

Initial productivity determines if supply can meet up with demand. GP productivity was determined
by the number of diabetes patients per fte spend on diabetes. It was highest in Limburg and lowest in
Flevoland. Hospital care productivity was determined by the number of diabetes related clinical care
days per fte spend on the disease. This was highest in Flevoland and lowest in Zeeland, though the
low value for Zeeland results from an overestimation of medical specialist fte. The ability of a region
to adapt to the expected increase in demand for diabetes care services determines how large the
shortage will be. To see what will happen in the optimistic situation in which an adaptation process
takes place, the relative inflow rates will grow with two percent each year. This only worsens the GP
fte in Friesland, but works out positively on fte for medical specialists in all regions. Disadvantage
from focusing on one disease only is that it becomes more difficult to project the number of suppliers
for specific services. An advantage of the methodology is that relative inflow rates can be assumed to
capture the attractiveness of a region for health care providers.

So, how will aging affect health care capacity for diabetes services on a regional level? Given the
development of demand and supply of diabetes care and the initial productivity, the largest GP
shortage can be expected in Zuid-Holland, but relative to current capacity the largest shortage is
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expected in Flevoland. GP capacity in Limburg will not suffer from aging. For hospital care the largest
shortage is expected in Zuid-Holland, and relative to current consumption Utrecht will face the
largest change. In the most optimistic scenario, that is if there is no obesity epidemic and relative
inflow rates increase, only Limburg will not face a serious shortage for medical specialists. For GP
care the most optimistic scenario implies that no capacity problems are expected in eight provinces.
These results were calculated with a model that defined aging as the increasing share of elderly and
investigated the effect from this factor is isolation from other effects. Many studies after health care
expenditure levels in the past show that the effect from the share of elderly on expenditure levels
was probably overwhelmed by many other effects. For consumption the estimated effect from the
share of elderly can therefor best be interpreted as the minimum development.

The method via which the capacity shortages are calculated, can be characterized as a naive model,
as no effect from longevity on consumption profiles is included. Given the lethality of complications,
time to death becomes more important than age. But given that volume is predicted in this study
rather than expenditure, the type of clinical admission is not further specified in this study, costs and
variation of costs per type of complication are ignored, and this leads to the assumption that time to
death does not influence the number of hospitalizations significantly. In the model age is assumed to
be a better indicator for future consumption than time to death given the definition of consumption
that is used and the large age classes of the consumption profile for clinical admissions. If the
assumptions were different, the complications phase might be postponed, extended, or both
postponed and extended as a result of longevity and there would be an effect on the age profile of
consumption for clinical admissions by diabetes patients. For GP care time to death, given the
methodology used, will have no effect on the consumption, as the average consumption of GP care is
independent from age and only the likelihood of GP care consumption increases somewhat when
people grow older.

Projections for the population on a regional level include a highly insecure assumption about
domestic migration, and therefore the uncertainty of the prognosis is larger than the national
population prognosis. The limited selection of sectors, indicators and the many assumptions also add
to the conclusion that the effect from aging that was calculated in this study will give only a highly
stylized projection for what can be expected with regard to health care capacity per province. One
could say that though the scope of the results is probably wrong, though the direction in which
results show is realistic. Though it is assumed that consumption and production are currently in
equilibrium, it is not predicted to what equilibrium the expected divergence for the development of
consumption and production until 2030 will lead to. What the equilibrium situation will become
depends on costs. Manpower capacity in the end is determined mostly by financial capacity. In that
perspective the expenditure growth levels on a national level, regardless of whether they are a result
from aging or other factors, determine how much room is left for absorption of a manpower
shortage on a regional level and whether interventions to bridge the gap between demand and
supply are cost effective.
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Appendix 1. Regions (based on Statline, 2010k)

Province COROP-region GGD-region
Groningen Delfzijl en omgeving Hulpverleningsdienst Groningen
Oost-Groningen
Overig Groningen
Friesland Noord-Friesland GGD Fryslan
Zuidoost-Friesland
Zuidwest-Friesland
Drenthe Noord-Drenthe GGD Drenthe
Zuidoost-Drenthe
Zuidwest-Drenthe
Overijssel Noord-Overijssel GGD Regio Twente
Twente GGD lJsselland
Zuidwest-Overijssel
GGD Gelre-lJssel
Gelderland Achterhoek
Veluwe
GGD lJsselland
Hulpverlening Gelderland-Midden
Arnhem/Nijmegen
GGD Regio Nijmegen
Zuidwest-Gelderland
GGD Rivierenland
Flevoland Flevoland GGD Flevoland
Utrecht Utrecht GG en GD Utrecht

GGD Midden-Nederland

Noord-Holland

Het Gooi en Vechtstreek

GGD Gooi en Vechtstreek

Groot-Amsterdam

GGD Amsterdam

Agglomeratie Haarlem

IJmond

GGD Kennemerland

Kop van Noord-Holland

Alkmaar en omgeving

GGD Hollands-Noorden

Zaanstreek GGD Zaanstreek/Waterland
Zuid-Holland Agglomeratie 's-Gravenhage GGD Den Haag
GGD Zuid-Holland-West
Agglomeratie Leiden en Bollenstreek GGD Hollands-Midden
Oost-Zuid-Holland
Delft en Westland
Groot-Rijnmond
GGD Rotterdam-Rijnmond
GGD Zuid-Holland-Zuid
Zuidoost-Zuid-Holland
Zeeland Overig Zeeland GGD Zeeland

Zeeuwsch-Vlaanderen

Noord-Brabant

West-Noord-Brabant

Midden-Noord-Brabant

GGD West-Brabant

Noordoost-Noord-Brabant

GGD Hart voor Brabant

Zuidoost-Noord-Brabant

GGD Brabant-Zuidoost

Limburg

Midden-Limburg

Noord-Limburg

GGD Noord- en Midden-Limburg

GGD Regio Nijmegen

Zuid-Limburg

GGD Zuid-Limburg
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