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INTRODUCTION

Osteoporosis is defined, by consensus, as a systemic skeletal discase, characterized by low
bone mass and microarchitectural deterioration of bone tissue with a consequent increase
in bone fragility and susceptibility to fracture.” Tt is well known that there is an important
age-related decrease in bone mass and bone strength as witnessed by the exponential
increase of hip fractures with age,” Osteoporosis is ptimatily described in post-
menopausal women but men are not frec from jt, and a quarter of the hip fractures
oceuts in men.’

Osteoporosis and its direct consequences, fractutes, are major concerns for public health
since they are associated with increased death rates and with substantial disability.
Moreover, they represent an important cost for the public health budget. The European
Commission estimated in a recent report the cost of osteoporosis in the countries of the
European Union at € 3.5 billion annually for hospital health care alone,* and an American
study estimated the total health care expenditure attributable to osteoporotic fractures in
the United States at US8 13.8 billion (€ 12.4 billion} in 1995.° Without intervention, the
improved life expectancy and the demographic evolution will cause the number of hip
fractures worldwide to increase from around 1.7 million in 1990 to over 6 million in
2050.5 Therefore, it can be expected that medical expenditute will also increase in the
coming decades.

Osteoporosis, defined as a reduction in bone mass below a specified threshold, has been
shown to be a major determinant of fracture risk.” Bone mass can be measured with
sufficient accuracy and precision and it is currently the best available indicator of fracture
risk, other than age and gender. There is, however, a considerable overlap of bone
density values between people who develop fractures and people who do not.?

The central goal of this thesis is to study the cost of osteoporosis and fractures in the
Netherlands and to develop mathematical models for estimating fracture risk based on
Dutch epidemiological data, These models are then used in simulations to analyze the
effects of potential preventive measures against osteoporotic fractures, The most
disabling of these is the hip fracture, but also wrist fractures and fractutres of the
vertebrac are considered as osteoporotic fractures.® Also from a cost perspective the
importance of hip fractures appears to be overwhelming, and therefore the models focus
is on hip fractures.

Several treatments are currently available,? but to design effective and cost-effective
intervention strategies it is important to know who needs to be treated and when this
should be done. Ideally, we would like to have long-term data from intervention studies
to assess the effectiveness of different intervention strategies, but those studies would be
unacceptably long especially when considering hip fractures. Moreover, when the results
would finally be available they would most likely not be of interest anymore, since by
then new prevention techniques would be mote appropriate.

For the development of clinical guidelinés, decisions need to be taken now, To handle
the existing uncertaintes we choose a modeling approach. Modeling allows for the
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simulation of reality but should be used with caution, It is important that the
assumptions used are reasonable and suppotted by the best available evidence.

Most of the data used in the models described in this thesis were derived from the
Rotterdam study, a large population based prospective cohort study of the oceurrence
and determinants of disease and disability in the elderly.” The study is conducted in
Ommootd, a suburb of Rotterdam. It began in 1990, and 7983 men and women aged 55
years and over underwent bascline assessments and are followed-up longitudinally for
several discase outcomes including Fractures. In the domain of osteopotosis it is one of
largest studics in the wotld, and one of the few that also include men. Additionally, we
have used information from other sources, including Dutch registration data, and data
from literature.

Part 1 of this thesis focuses on the basic epidemiological information and on information
about the cost of osteoporosis and fractures. Chapter 1.1 is maindy a review of the
information on the epidemiology and cost of osteoporosis and fractures that was
available at the start of this research project in 1995,

Chapter 1.2 mkes a closer look at the impact of different fractures on the cost, and it
gives some indications on how a mote adequate dischatge strategy might be a direct way
for cost-containment. Additionally it discusses the potental impact of different
intervention strategies,

Chapter 1.3 describes a cost study that was performed within the Rotterdam Study
populaton, The aim of this study was to estimate incremental cost of medical care after
hip fracture and first vertebral fracture. This was done in a nested case cohort design
compating the health expenditure in fracture patients to the costs generated in a control
group that was comparable at baseline.

Part 2 is devoted to the development and validation of risk estimation models for hip
fractures. The conventional method of evaluating fracture tisk is by bone densitometry,
and the World Health Organization has even defined osteoporosis as a bone mineral
density that is more than 2.5 standard deviations below the average for young adults,"
Therefore, the models will be based on bone mineral density, age and gender,

In chapter 2.1 a risk model is theoretically derived, mainly based on Dutch daea. Such a
model needs validation, and this is done in chapter 2.2, Here, the risk model is validared
for its use as a general risk stratification tool, using the fracture follow-up data from the
Rotterdam Seudy.

Finally, in chapter 2.3 the performance of this risk model is evaluated as a prognostic test
for the prediction of hip fractures in the individual. The performance of the risk function
is compared to the mere prediction by age and gender, and to the use of the conventional
T-scote and Z-score BMD thresholds.

In Part 3, the previously developed short-term risk estimates for hip fracture are
extrapolated to model the long-term hip fracture tisk and the potential effects of
interventions to reduce this risk. For the purpose of this thesis, this was done for women,
but obviously the models could also be applied to men.
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In chapter 3.1, the short-term risk estimates are extrapolated to long-term and lifetime
risks at different ages. In this chapter the design of the models and the input assumptions
are discussed, and special emphasis is given to the uncertainties surrounding future bone
mineral density in the individual.

Finally, in chaptet 3.2 theoretieal intervention scenatios that aim at reducing the long-
term risk are modeled. Screening strategics are compared to a population approach
considering effectiveness, but also with a focus on cost-effectiveness and the burden
related to screening. By compating different interventions, changing the age of
intervention and taking into account the uncertainties about long-term bone mineral
density evolution, the expected dynamics of the interventions are analyzed. ‘This finally
leads to a series of conclusions that define the context in which prevention strategies can
become both effective and cost-effective.

Part 4 concludes this thesis with a general discussion of the results, including suggestions
for further research.
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PART 1

BURDEN OF ILLNESS OF OSTEOPOROSIS







1.1 OSTEOPOROSIS IN THE NETHERLANDS: BURDEN OF
ILENESS

This chapter is an abbreviated version of a report that was published as: De Laet CEDH, V'an Hont
BA, Pols HAP Osteaporosis in the Netherlands; A burden of Wuess study. 1996 Institnte for Medical
Technology Assessment, Rotterdant. 1t was re-edited for this thesis and redundant detatls were ompitted,
The full resuits can be fonnd in the original repont,

1.1.1 INTRODUCTION

In this chapter, we an overview is given of the publicly available quantitative information
about osteoporosis in the Netherlands, and of the costs associated with it. It is based on
information that was available at the start of our research in 1995. Although the main
subject is osteoporosis, the focus is on fractures, as these are clinically the most relevant
outcome events. The data were collected from publicly avaitable data sources and from
international literature, Information is mostly about the year 1993 (the reference year), but
on a few occasions information from other yeats had to be used. When this is so, it is
clearly indicated. No primary data collection was carried out for this chapter, except for
the section on bone mineral density where recent data from the Rotterdam Study were
used. Convetsion of cost from Dutch puilders to Euro was done using the official
conversion coefficient (2.20371 guilders for € 1).

The information in this chapter was collected from the following dara sources:
Central Burean for Statistics (CBS)

The CBS'* (Centraal Bureau voor de Statistiek) is the official Dutch organization that
covers the national registration of a wide vadety of stadstics, including demography,
registration of causes of death, etc. Some of this information is published in yearly and
monthly publications. Other information, such as causes of death related to osteoporosis
was specifically obtained from CBS for this study.

Fonndation for Health Care Information (SIG)

‘The SIG? (Stichting Informatiecentrum voor de Gezondheidszorg) is a national registry
collecting various health care related data. All of the hospital admissions in acadernic and
general hospitals within the Netherlands are included in this registration as is most of the
nutsing home information. Both published infottmation and files specifically obtained
from SIG for the purpose of this study were used.

Lustitute for Medical Statisties (IMS)

IMS* is a company that collects data on health care use by sampling General Practitioners
and Medical Specialists and asking them about the patient contacts they had within a
given week, The reason for encounter, diagnosis, patient demographics, and therapy was
recorded. Furthermore, data from pharmacies were sampled to estimate the actual sales
of drugs. It is clear that, due to this sampling technique, this information can be expected
to be less precise than the information from the previous data sources.
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Home Health Care Service Rotterdam

'The Home Health Care Service Rotterdam® (Thuiszorg Rotterdam) collects information
on all home health care activities in the city of Rotterdam. This registration was used to
estimate the use of home health care in the Nethetlands, assuming that data from
Rotterdam could be extrapolated to the whole of the Netherlands.

Litevature

Whenever specific data for the Netherlands were lacking, data from the international
literature were used for formulating assumptions, Whenever this is done, it will be clearly
indicated in the text,

In section 1.1.2 the epidemiology of osteoporosis and fractures will be described. In the
subsequent sections, the use of health care, the mortality and the medical cost of the
treatment of osteoporosis and fractures will be covered. To take into account the
uncertainties surrounding the cost estimates, we will present a minimal and a maximal
estimate. When, due to the unavailability of data, assumptions were made in the original
report that could be compared to data that became available afterwards, this will also be
mentioned.

1.1.2 THE EPIDEMIOLOGY OF OSTEOPOROSIS AND FRACTURES

Denography

As in most Westetn countries, the population of the Netherlands is aging, The size of the
population increased from 10 million to 15 million in the period 1950-1990 mainly due to
the post-war baby boom. At the same time there was a gradual increase in the proportion
of eldetly people. Over the next decades this latter trend will continue, The Dutch
population is primarily white Caucasian, and the incidence of osteoporosis is known to
be different in other races. No ethnic specific information about osteoporosis is available
for the Netherlands,

‘The Netherlands Central Bureau of Statistics (CBS) produces, on a regular basis,
forecasts to predict the future composition of the population. Those forecasts are known
as the high, medium and low variant, but their basic assumption is that there will be no
drastic changes in neither behavior, policy, {medical) technology and that there will be no
major catastrophes, It is what is called a surprisefree forecast. The forecasts ate based on the
trends from the near past. The CBS forccasts are updated each year, on the basis of the
latest developments. For this chapter, we used the 1994-2050 forecast.’

Different vatiants of these forecasts are published. The medium variant is the most likely
development, In the low vatiant birth rates as well as immigration and divorce rates are
lower, while mortality, emigration and mattiage rates ate higher. Opposite assumptions
are used in the high variant. In the elderly population of interest in this chapter, however,
the difference between the several varfants is very small. These persons are born, and
only changes in mortality rates and migration effects their numbers.
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Bone mineral densily and the definition of ostesporosss

The bone mineral density (BMD) reference data in this chapter come from the first
phase of the Rotterdam Study that was conducted between 1990 and 1993, Baseline
BMD measurements (Lunar DPX-L densitometer) were performed in 5814 ambulatory
subjects (2446 men) aged 55 yeats and more.”

Osteoporosis was defined by the World Health Organization as a bone mineral density
(BMD) of 2.5 SD below the mean for young adults,” while a BMD between 2.5 SD and
—1 S was defined as osteopenia. This number of standard deviations under the mean
for young adults is referred to as the T-seore. To determine the reference BMD for young
adult women, we used a study on BMD and age in Dutch women by Erdtsieck et al." In
this relatively small study, the average BMD was 1,01 g/ cm? for women aged 20-40 years
of age. With a SD =0.134 g/cm® that is the same at all ages,® threshold values are 0.675
g/cem” for osteopotosis, and 0.876 g/cm’ for osteopenia.

Table 1 lists the prevalence of osteoporosis and osteopenia at different ages when these

threshold values are applied to the Rotterdam Study. For men, no corresponding Putch
reference values were available. Therefore, the same threshold values were used, since it

was felt that the absolute BMD level is more important for fracture risk than the relative
level.

Table I: Prevalence of oslesporosis and vsteabenia al different ages in the Rotterdanm Siudy

Women 55-59 60-64 65-69 70-74 7579 80-84 =85
Osteopenia 42%  47%  50%  53%  53%  53%  50%
Osteoporosis 7%  10% 13%  18% 23% 20% 37%
Men

Osteopenia 32%  35% 38% 41%  43%  46%  48%
Osteoportosis 3% 4% 5% 6% 7% 9% 1%

It should be remembered that these threshold values are arbitrary. Moreovet, the bone
densitometers are shipped with manufacturer specific reference values. In the Lunar
DPX-L densitometer, the default reference values are those for the USA Femur
Reference Population, ages 20-45. Here, a T-scote of —2.5 corresponds to 0.681 g/cm?
for women, which is very similar to our estimate, but to a threshold of 0.769 g/cm® for
men, which is much higher. Using those values, similar results ate obtained for women
but for men the prevalence rates are much higher (table 2),

Table 2: Prevaleiice of osteoporosis and osteopenia in wen at different ages wsing the thresholds from the
Lunar DPX-I,, USA Reference popuiation in the Rotterdam Study

Men _55-59  60-64  65:69 70-74 75-79 8084 =85

Osteopenia 47% 48%  49% 50% 50%  49%  48%

Osteoporosis 15%  18%  21% 24%  28%  32%  36%

Hip fractures

In the Netherlands, virtually all persons with hip fractures are weated clinically.
Therefore, hospital data give an accurate view of the incidence of hip fractures. Data for
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hip fiactures in 1993 were collected from SIG hospital registration data. A specific file of
all hospital adinissions for hip fracture was obtained and analyzed.

In 1993 there were 15.107 hospital admission for hip fracture in the Netherlands (3882 in
men). In figure I, these absolute numbers of fractures were combined with the age and
gender distribution of the 1993 Dutch population to calculate the hip fracture incidence
in men and women.?
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Figure 1: Hip fracture incidence in the Netherlands in 1993 per 100.000

Hip fracture incidence data from 1972 till 1987 for the Netherlands were published for
men and women aged 50 years and older.” Those data were based on the same (SIG)
hospital registration source. Hip fracture incidence was age-adjusted by direct
standardization, To compate the 1993 data with the published data, we obtained the
standard populadon for the standardization in the same way as in this study by
Boereboom et al. (summation of the Dutch population for the calendar years 1972-1987).

When we added the 1993 data to the previous analysis the significant upward trend that
was described previously was confirmed. In women, the age standardized hip fracture
incidence, that increased from 249/100.000 in 1972 to 345/100,000 in 1987, reached
371/100.000 in 1993. For men, the increase was from 105/100.000 in 1972 over
150/100.000 in 1978 to 168/100.000 in 1993, This trend was highly significant in both
men and women (p<0.001)}, Trends in age-adjusted hip fracture incidence in the
Nethetlands in men and women aged 50 years and older are given in figure 2. The
strange peak in the 1979 data remains unexplained, and may be due to a data astifact in
that year.
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Figure 2: Trend in age adjusted hip fracture incidence in the Netherlands per 100.000

Apatt from this important age-adjusted upward trend, it is expected that the total number
of hip fractures in the Netherlands will also increase due to the demographic changes
with the aging of the population. In figure 3 the current age specific hip fracture rates
were applied to the population forecast figures, showing that the total number of hip
fractures will double by the year 2050 due to demography alone.
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Other fractutes
Duteh data for other fractsres

Although hip fractures are the most setious consequences of osteoporosis, other
fractures also oceut. Those are mainly fraceures of the vertebrae and the forearm.'” Most
frequently, those fractures do not require a hospital admission and are treated either in an
outpatient setting ot, in the case of vertebral fractures, are often not treated at all. When
looking at the hospital admissions for fractures other than the hip, we observed smaller
numbers and we miss the typically high percentage of persons over 65 years of age.
Furthermore, we did not observe the typically high female/male ratio of fractures.
Therefore, it seems that those hospital admission data are not reflecting the ostcoporosis
related fractures, and that they cannot be used to estimate the incidence of osteoporosis
related non-hip fractures.

Since, at the moment of wiiting this report in 1995, no reliable data for osteoporosis
related non-hip fractures in the Netherlands were available, we were forced to use data
from the international literature. In 1998, however, incidence dara for wrist fractures
became available from the Rotterdam Study."” Those data largely confirmed the
assumptions that were made here based on American incidence data,

Tuternational data for other fractures

Melton et al, in an 1992 overview article,"! presented incidence figures for hip, wrist, and
vettebral fractures in men and women in Rochester, Minnesota. Although those data
should be used with caution, since the incidences refer to different ime perods and the
vertebral fractures only refer to clinically diagnosed fractures, they appeared to be the
best available estimates. We choose to use clinically diagnosed vertebral fractures, since
there is some debate about how to define radiographic vertebral deformites. Different
techniques of measurement and different criteria can produce varying results and varying
fracture rates.™¢ Additionally, clinically diagnosed vertebral fractures can be expected to
be mote relevant to cost.

When we compared the Rochester incidence data for hip fractures with the repistration
data for the Nethetlands in 1993, they appeared to be remarkably similar. Therefore, we
assumed that we could also use these Rochester data to estimate the number of non-hip
fractures in the Netherlands, although we are aware that time trend, and incidence might
be different. The upward time trend in the hip fracture incidence for example appears to
have stopped in several countties, including the US."

Based on this information we estitmated for the Netherlands an annual number of 14.500
wrist fractures, and 15,000 vertebral fractures that came to clinical attention.

12
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1.1.3 HEALTH CARE UTILISATION ASSOCIATED WITH OSTEOQPOROSIS
AND FRACTURES

Pharmacotherapy

The use of drugs for the treatment and prevention of osteoporosis was estimated based
on IMS data. The total figures were adjusted for the estimated proportion of the drug
that was used for osteoporosis. Since presentation and dosage can differ from one
prescription to another, data were recalculated to estimate patient-years of treatment. The
cost of pharmacotherapy is included in the bottom-up cost assesstnent given in section
L.1.5

Hospital adwissions for bip fractures

Hospital admission data were collected from the SIG hospital regjstration data. We used
the same file of hospital admissions as used for estimating the hip fracture incidence.

‘The mean length of stay (LOS) was 26.03 days, with a standard deviation of 29 days. The
distribution of the LOS was highly skewed and an association with age and gender was
observed. Mean LOS in men was 23.7 days; mean LOS in women was 26.8 days
{(p<0.001). Median LOS was 16 days for men and 19 days for women.

Afrer the acute episode, women were discharged more often to a home for the eldetly or
to a nursing home than men. Seme of these patients were probably already a nursing
home resident at the moment they suffered a hip fracture, but no information is available
about this, In men the crude in-hospital mortality was almost twice that of women. The
trends in discharge status are also strongly age dependent as can be seen in figures 4 and
5.
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Figure 4: Discharge statns by age for aen
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Hospital adwirsions for other fractures

For other fractures, only data for 1992 were readily available.”® As mentioned before, we
need to be cautious while interpreting those data. These hospital admissions do not seem
to reflect the typical osteoporosis related fracture pattern such as a high female/male
ratio, and might be more related with high energy tranma. Most people with those
fractures were indeed treated as out-patients. Thercfore, the cost associated with those
hospital admission will only be included in the maximum cost estimate in section 1.1.5

Nursing home care (full care and day care)

Data for nursing home care were obtained from the SIG data source. Data were
collected for both full care as for day care in nursing homes. Data collection was
relatively complete but less so than for the hospital admission data. Information was
available for 89.9 % of nursing homes, corresponding to 92.8 % of the 'sematie’ bedr and
91.2 % of the ‘pgyeho-geriatric’ beds, Overall information was available from 92 % of the
nursing home beds,” and patients with fractures were mainly (98%) treated in the
somatic nutsing home wards. To obtain a more accurate estirate of the absolute
mumbers for the Netherlands, we adjusted for this. In addition to the published data, files
of all 1993 discharges (full care and day care) with admission diagnosis of hip- or other
fractures were obtained and analyzed.

Full care

When analyzing the total population of people in nursing homes, the proportion of
people with admission diagnose of fracture seems to be refatively stable. Two cross-
sectional views at specific days were compared; one from our data analysis, the other
from the published data. Admissions due to fractures accounted for 8.7 % of the
population of nursing homes. Over 80 % of these were admitted for hip fractures and its

sequels.
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We estimated that in 1993, 4588 persons were treated every day in nursing homes for all-
fractures, Of those, 3702 were treated for hip-fractures and its sequels.

It was important however to consider that some of the patents might also have been
admitted without a hip fracture because of co-morbidity, while the hip fracture event was
only the precipitating factor. Therefore, we analyzed the length of stay and the dischatge
status,

The average length of stay was approximately the same for both genders: 238 days
(SD=553) for men and 241 days (SD=553) for women (p=0.85). Median LOS was 67
days for men and 70 days for women. ‘The high mean LOS and its high standard
deviation were cxplained by the relatively large group of people that stayed extremely
fong (up to 21 years). It was hypothesized that those long stays in nursing homes cannot
solely be attributed to the hip-fracture but must largely be due to co-morbidity leading to
a more dependen state.

The majority of padents were discharged within 3 months. When those people that
stayed up to 3 months in the nursing hotne were considered separately, the average LOS
were 41,6 days (SD=23.6) for men, and 44.0 days (SD=22.4) for women (p=0.02).

When looking at dischatge status, we again analyzed those people that stayed for a
shorter period separately from those that stayed longer. "The majority of people that
stayed more than one year in 4 nursing home, stayed there until they died (over 80 % in
bath men and women and for all diagnosis groups).

Those persons who stayed for less than one year had a completely different discharge
pattetsl. In general, about 60 % of the people admitted to a nursing home stayed there
for a maximum of 3 months. Over 70 % of those returned home afterwards, 8.0 % died
in the nursing home, The rest went primarily to homes for the elderly, or to a lesser
degree to day care.

For longer stays, the discharge status changed: gradually more people were dying and less
people were going home. At 4 months LOS the percentage going home dropped to 54.8
%o, after 5 months to 34.6 %. These persons with longer stays cleatly represented a more
dependent group of people, with more concomitant illnesses, Based of the length of stay
and dischatge patterns, we hypothesized that only the first few months of stayina
nursing home represented the direct effect of osteoporosis and fractures. Therefore, we
included only the cost of the first three months of stay in the nursing hotne in the
calenlation of costs in section 1.1.5.

Day care

When analyzing the total population of people in day care, the proportion of people with
admission diagnosis of fracture again seemed relatively stable, Two cross-sectional views

were compared, one from our data analysis, the other from published data."” Admissions

due to fractures accounted for 3.1 % of the populaton in day care. About 85 % of these

admissions were for hip fractures and its sequels,
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Applying the same adjustment as before, we estimated that in 1993, 239 persons per day
were treated in day care for fractures, and 201 for hip-fractures and its sequels.

The average length of stay was 201 days (SD=416) for men and 151 days (SD=215) for
women {p=0.27). Median LOS was 86 days for men and 97 days for women. The high
averages combined with a high standard deviation (especially in men), were explained by
the relatively large group of people that stayed long in day care.

Again, we estimated the total number of day care days on the basis of the registered
nursing home days and by applying the same adjusement as before.

Cutpatient care

Qutpatient care was not systematically registered in the Nethetlands. For General
Practitioners, there are setics of surveys, but those deal primarily with the typical GP
pathology and they do not allow to estimate the fracture- or osteoporosis-telated number
of contacts. For the assessment of the direct cost of outpatient care, we used published
cost estimates,”™

Howe health care

Fhe number of clients of home health care and the number of contacts was estimated on
the basis of data available for the Rotterdam district. No specific information was
available on clinical indication for home health care. To estimate the maximum possible
home health care consumption for hip fractures in the Netherlands, we used the number
of patients that went home after discharge from hospital. Next we assumed that they all
needed home health care. We concluded that ar the maximutm about 5 % of the total
home health cate cost could be allocated to hip fractures.

1.1.4 MORTALITY ASSOCIATED WITH OSTEGPOROSIS AND FRACTURES

Osteoporosis related mortality is due to fractures, mainly hip fractures, and moxtality
following hip fractures is indeed high and age dependent.” Attributing death to fractures,
however, is not easy. Hip fractures may be associated with death in various ways and
official death certification does not necessarily reflect the underlying cause. Therefore,
official death certification is not sufficient to indicate the real death toll of osteoporosis.
In fact, the numbers from official death certification, combined with the number of hip
fractures in the Netherlands, even show a lower mortality rate after hip fracture than in
the population at large. Therefore, we also used our data about in-hospital mortality and
published mortality data from a follow-up study in the Netherlands.”

We observed an overall in-hospital mortality of 10.1 % for men and 5.9 % for women.
This in-hospital mortality was strongly age dependent, tising from almost non-existent at
younger ages to 22% for men and 10 % for women in the highest age group. Mortality in
men was twice as high as in women for all age groups.
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We cannot cotrectly assess mortality after the hospital stay from our data, although we
do present some information on moreality in nursing homes. For a better idea of the
mortality after hip fracture, we need follow-up data. Boereboom et al, studied 493
patients with a hip fractute during the period 1982-1984 in three hospitals in Utrecht.”
In-hospital mortality was similar to our findings with 9.1 % of the patients dying during
hospiral admission. One year after the hip fracture, 23.6 % of the women and 33 % of
the men had died.

“This study also showed that mostality was highest during the fisst 8 weeks after the hip
tracture and strongly age and gender dependent. The relative risk of dying for men was
1.9 (95% CI 1.4-2.5) compared to women, Concomitant fllness and hospital
complications were also related to mortaliey. When looking at the official cause of death
mentioned on the death certificate, it was found that in only 19 % of the women and 25
% of the men, hip fracture was mentioned as causc of death, Although mortality after hip
fracture was strongly increased in the months following the event, especially in men, one
should be careful not to attribute all of this excess mortality exclusively to the hip
fractures. Patients with a hip fracture often had concomitant illnesses and a poor general
condition. This condition in itself can increase the risk of falling and the perioperative
risk.

1.1.5 MEDICAL COSTS ASSOCIATED WITH THE TREATEMENT OF
OSTEOPOROSIS AND FRACTURES

To assess the medical cost of osteoporosis and fractures, we used two separate
approaches. In the first (top-down approach) we used published Dutch cost estimates for
hip, forearm and vertebral fractures. Those estimates were combined with our incidence
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figures. In a second approach (bottom-up), the detailed costs of medical consumption
telated to osteoporosis and fractures were calculated, based on the medical consumption
desctibed in this chapter.

Top-down approach

Ina 1993 iMTA report, Al et al. estimated the cost of hip, vertebral and forearm
fractures.” Costs fot hospital treatment, complications, home care, physiotherapy and
GP visits were estitated, and these cost estimates are listed in table 3. Nursing home
care, however, was not included in this estimate, since it was argued that the fracture very
often was the trigger, rather than the cause of the admission to a nursing home. The
demand for home health care was used as a proxy for the additional help necded. For
vertebral fractures, we used the cost for clinically diagnosed fractures, since the incidence
figures only reflected this category of vertebral fractures.

Table 3: Bstimated costs of fractures in the Netherlands®'

Hip fracture € 10.400
Vertebral fracture € 1.041
Forearm fraceure €844

These costs were applied to the estimated 1993 incidence figures for the Netherlands,
For this part of the analysis, only fractures at the age of 50 and older were considered,
the age of 50 being an arbitrary cut-off point for osteoporotic fractures. The resulting
global estimates are given in table 4.

Table 4: Global estimated yearly costs for hip, vertebral and forearns fractures in the Netherlands

{million €)

Hip fracture 149,52
Vertebral fracture 15.81
Forearm fracture 12,23
Total 171.56

Bottow-np appreach
In this bottom-up approach, the analysis was again limited to individuals aged 50 years

and older. The choice of the costs cotresponding to one day of hospital stay, one
contact, etc. was based on the Dutch guidelines for cost ealculations in health care,”

Pharmacotherapy

The cost per person-year was calcutated based on cost information in the
. 24
Pharmacotherapentisch kowmpas,” and on the recommended dosage.
3

Hospital admissions for hip fractures
"T'o assess the direct cost of hip fracture hospital admission, the number of hospiealization

days for persons over age 50, were combined with an average daily price for
hospitalizadon of € 351.
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Hospital admissions for other fractutes

Hospital admission for other fractures can only be estimated from 1992 data.' We only
had the proportion of people aged 65 and older. Thereby, we disregarded the patients
aged between 50 and 64 leading to an underestimation, On the other hand, these data
also included fractures that where not osteoporosis-reluted, leading to an overestimation,

For the reasons mentioned in the corresponding section, it is unclear whether or not
those figures should be included in an estimate of the cost of osteoporosis. We included
them here for reasons of completeness in the maximum cost estimate,

Average length of stay in 1992 for those fractures that led to a hospital admission was 5.7
days for forearm fractures and 17.2 days for vertebral fractures.®

Nursing home care (full care)

Including all nursing home patent days after a fracture would lead to an overestimation
of costs, A fracture can be the trigger that changes a borderline independent state into a
dependent state of life, for people who would anyhow be admitted into nursing home
care. As argued in the chapter on nursing homes, we only considered the first three
months of stay in a nursing home in the calculation of the cost. It should be clear that
using the cut-off point of 3 months was an arbitrary choice based upon the arguments
developed in the discussion on length of stay and discharge status.

An average daily price for nursing home care of € 95 was used.

Nursing home care (day care)

For the same reason as with the nusing homes, only the first 3 months of day care were
included in the calculation of the cost. An average daily price for day care of € 55 was
used.

Outpatient care

No hard data on the outpaticnt care for osteoporosis related fractures were available for
the Netherlands, In the absence of those data we used the assumptions for outpatient
carc from Al et al® that were also used in the top-down approach.

Fort hip fracinres, it was assumed that patients had on the average 2 GP visits after the
discharge from hospital and that 50 % of the patients had an average of 12 treatment
sessions by a physiotherapist. This leads to a global outpatient care price of € 145 per hip
fracture.

For sertebiral fractures, it was assumed that 5 out of 6 of the total number of clinically
diagnosed patients were treated by the GP, 5 GP visits, one specialist visit (including an
X ray) and 12 treatinent sessions by a physiotherapist were assumed with a total cost of
€ 546, leading to an outpatient cost of € 455 per vertebral fracture,
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For forearn fractures, it was assumed that 95 % of patients were treated in the outpatient
clinic with a total cost of € 752. This leads to a cost per forearm fracture of € 715,

Home health care

Based on the assumptions made in the chapter on Home health care, we calculated the
maxinum possible cost for home health care related to hip fractures. In order to do so,
we used a price of € 25 per contact.

Overview of the bottom-up approach

In table 5, we present an overview of the estimated yearly cost, with and without the
maximum cstimates, using this bottom-up approach.

Table 5: Detaifed overview of Hie estimated cost of ostesporosis and the Ireatment of fracinres in the
Netherlands in 1993 (million €)

Estimated yeatly

cost

Pharmacotherapy 7.09
{1ospitalisations hip fractures 133.77
Non-hospital inpatient care (full care) 36.80
Day care 1.66
QOutpatient care 19.36
Total {excluding maximum estimnates) 198.68
Haospitalisations other fracinres (maximum estivate) 770
Home bealth care (maximunr estimale) 377
Total (including maximuny estimates) 212.15

1.1.6 CONCLUSIONS

Epidemiolagy

Osteoporosis and fractures are a major source of illness and health care costs in the
elderly, both today as in the foreseeable future. Especially the most serious consequence,
hip fracture, is frequent and the incidence is increasing, Both in men and women, the
incidence increases exponentially with age. Men reach the same hip fracture incidence at
an age 5-6 year older than women, and for instance a 80-year-old male has the same hip
fracture risk as a 75-year-old female,

The total number of hip fractures will inevitably risc If no serious preventive strategies
are developed. An upward time trend in age-adjusted hip fracture rates, as well as the
aging of the population are responsible for this. Several possible explanations for the
upward trend have been suggested, such as the decreasing physical activity and sedentary
lifestyle, nutrition, or even the fact thar people are growing taller than before. 1a the US,
Sweden, and the UK, this upward trend of age-adjusted hip fractures scems to have
leveled of £ In other regions such as Hong Kong and, as we showed, also in the
Netherlands, the rates ave still increasing. While it is difficult to predict the further
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evolution of this trend, the aging of the population is certain, Even when current
incidence rates remain stable in the future, the total number of hip fractures in the
Netherlands wilt double by the year 2050 to over 30.000 per year. When the current
upward trend continues, this number will be even higher.

We did not have Dutch incidence data of other fractures, and we derived incidence rates
from international data. The accuracy of these estimates is likely to be poorter, bat, since
we focus on cost and personal illness burden, these fractures appear to be less relevant in
this context, Recent incidence data from the Rotterdam Study, however, are similar to
the estimates used in this chapter,

Health care uttligation

Osteoporosis and fractures are an important cause of health care consumption. Hip
fractures lead to long hospital stays with a mean length of stay of 26 days. Forearm and
vertebral fractures are most frequently treated in an outpatient setting, People over age
85, representing less than 2 % of the population nevertheless ate responsible for over
one third of the hospitalization days for hip fractures. This is due both to the exponendal
increasc of hip fracture with age, and to the longer length of stay. With an aging
population this proportion is highly likely to increase.

After the acute phase and the hospital stay, nursing home care is often needed. Using
hospital data, we sce that 21 % of men and 27 % of women are discharged directly into
nursing home care, ‘This difference can party be explained by the higher in-hospital
mortality of men. In the wursing home data we see a similar number of men being admitted,
meaning that they are mainly discharged from the hospital into nursing home care
direetly. For women, however, more were ultimately admitted to nursing home care
(about 33 % of the hip fractures). Apparently, some of the women return to their homes
first, but arc afterwards transferred to a nursing home. Nursing home stays can be very
long, but the majority of patients leave the nursing home within 3 months. In our cost
estimates, we assumned that stays longer than 3 months were not only related to the hip
fracture, and that pre-existing co-morbidity was important. We used the same approach
dealing with day care cost.

Other health care consumption is home healthcare and outpatient care. Hard data about
those activities were scarce and we made an attempt to estimate them using indirect
information. Their contribution to the total cost of osteoporosis is substantial but
secondaty to hospital and nutsing home cost. In 1993, drug use for osteoporosis
prevention and treatment was also refatdvely unimportant for the total cost.

Mortality

Although hip fractures occur less frequently in men, their mortality after 2 hip fracture is
more important. We found an in-hospital mortality that is twice that of women. Mortality
was also strongly age dependent and related to concomitant ilinesses and in-hospital
complications. Published follow-up data showed that mortality after hip fracture is
strongly elevated in the first few months following the event,”* but the available data
for the Netherlands did not allow a more precise estimate of the duration of this excess
mortality.

21



Osteoporosts and fracture prevention

One should be careful not to attribute exclusively all of this excess mortality to hip
fractures, Patients with a hip fracture more often had concomitant Hlnesses and a poor
gencral condition, This condition in ieself can increase the risk of falling and the
petioperative risk, This situation can also impair the rehabilitation after treatment and
hamper mobilization.

Medical costs

In this study we estimated the direct cost associated with fracrures at older age. The
majority of these fractutes were osteoporosis related, but not all. A clear indication of the
fact that most of these fractures are osteoporosis related is found in the observation that
incidence increases exponentially with age. It is not possible to differentiate between
osteoporotic fractures and non-osteoporotic fractures but we believe that the impact of
the latter category is small,

The cost of osteoporosis is mainly the cost of hip fractures, It is this cost we could
determine most accurately. In comparison, the cost of other fractures and the current
cost of pharmacotherapy for the treatment and prevention of osteoporosis is low. We
used two approaches to estimate the global yearly cost of osteoporosis and fractures in
the population aged 50 and over. The tesults of both the top-down and the bottom-up
approach are comparable, and indicate a yearly cost between € 175 million and € 210
million. The main difference between both approaches lics in the cost of nursing home
care (non-hospital inpatient care), Nursing home care was not included in the top-down
approach. In the bottom-up approach, we assumed that only the first three months of
nursing home care should be attributed to the fracture, the remainder being due to co-
morbidity and frailty.

"The medication cost of osteoporosis was difficult to ascertain, and the validity of the
IMS data is unclear. It was however the only currently available source. It appears that
the cost of medication was minor, compated to the cost of clinical treatment of the
fractures,

We did not include indirect costs as osteopotosis mainly affects the eldetly and their
production losses can he neglected,

When comparing these costs with international figures, we found both higher and lower
estimates.!” Several studies indicate a cost of US$ 7 - 10 billion for the United States,”
resulting in a yeatly cost per capita of € 20 - 30 for osteoporosis and hip fractures. Our
maximum glohal cost estimate is equivalent to about € 15 per head of the population.
The US estimates however did include the indirect costs that we choose not to include.
Estimates for France,” for example, were much lower with a global cost of TF 3.5
billion (€ 500 million) and a per capita cost of €9,
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1.2 COSTS OF OSTEOPOROSIS RELATED FRACTURES IN
THE NETHERLANDS: POSSIBILITIES FOR COST
CONTROL

This chapter is a transiation of an article published as: De Laet CEDH,an Hont BA, Hofuan A,
Pols HAP. Koiten wegens ostegparatische fracturen in Nederland; mogeliflheden voor kostenbebeersing,
Ned Tijdschr Geneeskd 1996;140:1684-8

INTRODUCTION

Osteoporosis-related fractures are a major problem for public health, both because of the
health conscquences for the individual patient as for the high costs related to the
treatment of these fractures. The most serfous fracture is the hip fracture. Besides this,
also wrist fractutes and fractures of the vertebrae are considered as osteoporotic
fractures, Moreover, most other fractures in eldetly people are also, at least partially,
associated with a low bone mineral density (BMD).!

The direct medical cost attributed to osteoporosis was estimated at more than 10 billion
US$ (€ 9 billion) in the USA.? The further aging of the population will cause a strong
increase of these costs if current policy is maintained. Moreover, in several countries,
including the Nethetlands, an age-adjusted increase is observed in the incidence of hip
fractures,

The aim of this study was to evaluate the direct medical costs of osteoporosis-related
fractutes in the Nethetlands, Additionally, based on the cost distribution, the potential
effect of different intervention strategies was evaluated.

DATA AND METHODS

As 2 rule, data from 1993 were used in this analysis. The analysis was restricted to
fractures of the hip, the forearm and the vertebrae in men and women age 50 years and
older. The validity of the assuinptions was examined and their influence on the costs
was evaluated by sensitivity analyses,

Demogrtaphic data from the Central Bureau for Statistics were used.* The incidence of
hip fractures was cstimated based on detailed registration data of hospitalizations
{Landelijke Medische Registratie, EMRY) registered by the SIG Zorginformatie.” Dutch
incidence data for fractures of the forcarm and of the vertebrae were not available, To
estimate these, incidence data from the USA,® were projected on the Dutch age
distribution.

Information on the length of stay in the hospital, on the place of residence after
discharge and on admissions in a nursing home because of fractures was retrdeved from
registration data and published data of SIG Zorginformatic.””. Using linear regression, it
was investigated how the length of stay in a hospital after a hip fracture was related to
age, gender and hospitalization in a nursing home afterwards.

Outpatent care for the treatment of fractures is not systematically recorded in the
Netherlands. To estimate these costs, we used previously published assumptions.” To
translate the use of health care in costs, Dutch cost accounting guidelines for healthcare
were used."”
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RESULTS

Tncidence of fractures.

In 1993, 15.107 (3882 in men) hospital adinissions because of hip fractures were
recorded, 96% of which were in persons of 50 year of age and older, These figutes
showed an exponcntial increase of the number of hip fractures with age, for women as
well as for men. In men, the incidence of hip fractures lagged behind that of women by
approximately 5 years of age. Based on the comparison with international data we
estimated the annual amount of fractures of the vertebrae and widst fractures at 15,000
and 14,500, respectively (see also section 1.1.2),

Length of stay in a bospital affer a bip fracinre.

The median length of stay was 17 days for men and 19 days for women. The average
length of stay (24,9 and 27,1 days, respectively) was influenced strongly by a relatively
small group that stayed hospitalized for a long period. The longer length of stay of
women was explained mainly by age. The average length of stay increased with age: 0,32
days/year (95% confidence interval (CI): 0,26-0,37). Patients who went to 2 nursing
home after discharge from the hospital, stayed on average 7,9 days longer in the hospital
{CL: 6,7-9,0) than patients of the same age and gender who went to their own home after
discharge. After rdjusting for age and admission in a nursing home after hospitalization,
the length of stay of men approximately equaled that of women: women stayed +0,28
days (-0,96-+1,52) fonger in the hospital than men.

Adwmission in a nursing howe after a bip fractiire.

Nearly 60% of the padents with a hip fracture returned home after discharge from the
hospital. 7% went to an elderly people’s home and another 7% died in hospital. The
remaining 26% of the patients were admitted to a nursing home after hospitalization.
The proportion of patients that went to a nursing home increased with age: from less
than 10% of 50-54 year old patients to more than 3(0% of patients older than 85. We also
included nursing home admissions due to other fractures in the analysis of the costs.

"The median length of stay in the nursing home was 67 days for men and 70 days for
wornen. The average length of stay (238 and 241 days respectively) was, once again,
strongly influenced by a relatively small group that stayed in the nursing home for a long
period. More than 60% left the nursing home within three months; more than 70% of
those returned to their own homes. After 4 months of stay in the nussing home, only
55% of the patients returned to their own home and after 5 months this number was
reduced to 35%. When length of stay was more than onc year, more than 80% stayed in
the nursing home until they died.

Because of this, we only used the first 3 months in the nursing heme in the calculation of
the costs. This was an atbitrary choice, assuming that those long lengths of stay of some
patients wete connected with  greater need of care and with comorbidity , rather than
with the fracture itself. The cost of day care in a nursing home was calculated in the same

way.
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Figure 2: The contribution of different cave providers in the total cost of osteaporoitc fracinres in the
Netherlunds per age category, 1993,

' Total cost

Total costs of fracture-treatment in the Nethetlands were estimated at about € 190
million per yeat. Figure | shows the costs of hip fractures and other fractures per age
group. The contribution of hip fractures in the costs totaled 86,1%, Figure 2 shows the
contribution of different care providers in the total cost of osteoporotic fractures.
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SENSITIVITY ANALYSES
Other fractures than ostesporotic fractures.

To estimate the costs of hip fractures, #ll hospital admissions because of hip fractures
were included in the analysis. It is clear that this also included some hospital admissions
due to pathological hip fractures or fractures due to major trauma, besides those due to
osteoporosis. This may have leaded to overestimating the number of osteoporosis related
fractures. But, this was probably only a low number of cases, because of the strong
relation that was observed between the incidence of the fractures with age, We did not
include in the analysis the hip fractures that, occasionally, did not lead to hospitalization
and that were treated conservatively, This on the contrary might have leaded to a minor
underestimation of the number of ostcoporotic fractures,

Refevance of other than Dutch incidence data.

Costs of vertebral fractures that came to clinical attention and forearm fracrures were
estimated on the basis of incidence data from the US, and this may have caused a bias.
However, the recorded incidence of hip fractures in the Netherlands was very similar to
the American estimates, The difference in the total estimated number of hip fractures
was 4% for men and 17% for women (more hip fractures in the USA). Because of this, it
seemns legitimate to use the American incidence data for fractures of the vertebrae and of
the wrist. Moreover, the cost of these fractures was much lower than that of the hip
fractures, so the effect of these more uncertain incidence data was less relevant to the
bottom line than the incidence of hip fractures, that was estimated accurately. If, for
exatnple, we would use the considerably higher Swedish incidence figures for the
fractures of the forearm,’” the annually estimated Dutch fractures of the forearm would
indeed go up from 14,501 to 22.919, with an cstimated additionat costs of € 6 million,
but the contribution of hip fractures in the total of the costs would only drop from 86,1
% to 83,5%.

Adission to the nnreing honre.

The estimated cost of nursing home admissions represented almost 20% of the total
cost; day care on the contrary represented less than 1%, Here, all costs of fractures where
included and not only those of fractutes atttibuted to osteoporosis, This could lead to an
overestimation of the cost in the nursing home. In addition, some patients already stayed
in a nursing home when the fracture occutred. These patients mostly came back to the
nursing home after their stay in the hospital and again this could have lead to an
overestimation of the costs.

The assumption that only the first 3 months of stay in the nursing home was connected
to the fracture was arbitrary, but it was based on the ohservation that a longer stay was
associated with comorbidity and a greater need for care. In order to value the effect of
this assumption on the total costs, we varied this arbitrary length of stay in our
calculations, When we set this limit ar 2 months, the cost of admission for full carcina
nursing home dropped, for all fractures, from € 36 to € 28 million. When using a limit of
6 months they increased to € 52 million, The contribution of these nutsing home
admissions in the total costs varied thereby from 15,5 to 25,4%. This hardly had any
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effect on the contribution of hip fractures on the total costs that varied from 86,7 to
85,2%.

Oxtpatient care.

Cost of outpatient care was based on expert opinion." This estimated cost represented

10% of the total costs. Even when the error in estimated cost for all fractures was greater
than 50% in the same ditection, the final contribution changed only from 5,3 to 14,4% of
the total costs. The contribution of hip fractures changed only from 90,2 to 82,5%.

Conclusions from the sensitivity analyses.

The results of these sensitivity analyses shows that, although there was some uncertainty
about some data, ostcoporotic fractures in the Netherlands cause annually a cost of
about € 190 million of direct medical costs. Some 85% of this cost could be attributed to
hip fractures. About 80% of the cost of hip fractutes was caused by hospitalization,

DISCUSSION

Incidence.

The number of hip fractures in the Netherlands is still increasing. There is an increase in
age specific incidence, and our daea for 1993 showed that this increase still continued in
the Netherlands, although in some countries such as US, the incidence appears to be
stabilizing. " At this moment, it is hard to predict whether this trend will continue in the
future. Additionally, the population is aging, This will, because of the strong relation of
fracture risk with age, lead to a strong inctease in the total number of fractures, even with
constant disease specific incidence rates. When we combined the current incidence rates
with the population predictions by the CBS," we predict a doubling of the number of
hip fractures by the year 2050 (see also chapter 1.1},

Treatuwent and cost canirol,

The contribution of the oldest patients in the total cose was very striking. Although
people from 85 years and older constituted only 1,3% of the population {1993), this
group contributed to more than one third of the cost of osteoporotic fractures, The most
important cause was, besides the higher incidence of hip fractures, the longer length of
stay in the hospital and the higher incidence of admissions to a nursing home. This group
of eldetly people will increase from less than 200,000 now to 300.000 in 2020 and over
500.000 in 2050. At that moment, mote than 3% of the Dutch population will be 85
years of age or older. 'This increment in the number of individuals aged 85 years or older
will have a disproportionate impact on cost.

More than 85% of the total cost of osteoporotic fractures was caused by hip fractures
and the contribution of hospital admissions was considerable. Therefore, besides
prevention, a more efficient hospital stay seems to be the most obvious way to control
costs in the near furare. Previously it was argued that, in the Netherlands, many patients
with hip fractures stay in the hospital too long because the discharge to either somatic or
psychiatric nursing homes is not organized efficiently,” These patients stay in a “wrong”
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and particulary too expensive bed for too long. The optimal length of hospital stay due

to hip fracture without complications as stated in the mentioned atticle was 9 days.” It is
clear that the median length of stay in hospital due to hip fractures in the Nethetlands is
much longer.

Our analysis suppotts this argument of hospital discharge problems. Patents, who were
admitted to a nussing home afterwards, stayed on average almost 8 days longer in the
hospital than patients who went home, even after adjusting for age and gender,
Therefore, it appears that those patients stayed in the hospital waiting for a suitable place
in a nursing home. An average reduction of the length of stay after hip fracture with 1
day, would in theoty produce an annual cost reduction of € 5 million.

It must be noticed, however, that costs at the end of hospitalization are lower than at the
beginning, when the patient is being operated upon and when cate is more intensive. The
use of per diem costs could therefore lead to overestimation of the potential gains of a
shotter length of stay. In a British study, two groups of patients with a hip fracture were
compared, where one group of patients received “hospital at home”-facilities.'® These
facilities included home care, physiotherapy at home and ergotherapy under GP
supervision. Previous studies had shown that this scheme yielded 2 similar mortality and
functional rehabilitation as conventional long-term admission in hospital. Almost 40 %
of the patients in the intervention group were sent home eatly. For the complete group,
this lead to n mean reduction of the length of stay by 9,2 days and to an average
reduction of costs of [ 1015 (€ 1140) per patient for the admission in the hospital only.
After deduction of the cost of the hospital-at-home facilities this lead to a reduction of £

722 (€ 865).
Prevention and rost conirol,

The most obvious way to control costs is to avoid fractures. There is, however, no ideal
intervention available, '’ but the structure of the cost of osteoporotic fractures can give
some indications for an a-priori judgement of the cost-effectiveness of preventive
measutes.

The effect of measures to prevent falling has not been demonstrated convincingly untl
now. From some intervention studies in which it was attempted to reduce the tendency
to fall through a multifactorial approach, it turned ecut that, although the frequency of
falling diminished, there was no confirmed effect on the incidence of hip fractures."**

External hip protectors can protect against the direct impact of a trauma on the hip. A
randomized trdal in Denmark with patents in a nursing home showed a 50% reduction of
the number of hip fractures in the intervention group.”

Non-pharmaceutical approaches to influence bone strength include lifestyle interventions
such as physical exercise, diet counseling, and the avoidance of smoking and alcohol
abuse but thete is no consensus about the final effect of these schemes on osteoporotic

22-24
fractures,

Pharmaceutical prevention often needs to be taken during many years, and it is uncleat,
what happens to the effect after stopping the therapy.” Moreover, most studies on the
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pharmaceutical prevention of osteoporosis have been done on reladvely young, early
post-menopausal women and often only the effect on vertehbral deformities was studied.
More recently, however, clinical trials that also looked at effects on peripheral fractures
became available.””

Furthermore, the timing of the prevention is very important for the cost-cffectiveness.
The incidence of hip fractures surpasses [% per year only after the age of 80 years. When
intervention is statted around the menopause there is # very long period between the
costs and the subsequent effects. Futthermore, only half of the individuals that are 55
today will ever reach the age of 80 according to present prognoses. It might therefore be
more realistic to start prevention at a moment that is closer to the age at which hip
fractures occur frequently.

Strategies that have other desired effect beside an effect on osteoporotic fractures, such
as hormone replacement therapy, should therefore be evaluated on their global cost
effectiveness and not only on their effect on the prevention of fractures,”
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1.3 INCREMENTAL COST OF MEDICAL CARE AFTER HIP
FRACTURE AND FIRST VERTEBRAL FRACTURE: THE
ROTTERDAM STUDY.

This chapter i a reprint oft De Lact CGIDH, an Hont BA, Buger H, Weel ALAM Hoftwan A,
Pols HAP. Incremental cost of medical care after hip fractnve and first vertebrad fracinre: the Rofterdanm
Study. Ostegporosis Int 1999 (in press)

INTRODUCTION

In Western countries, osteoporotic fractures and especially hip fractures cause major
morbidity and mortality in the cldetly,’ and are associated with substantial public health
costs due to acute hospital treatment and subsequent rehabilitation.” Improved life
expectancy and the demographic evolution will cause the number of hip fractures
worldwide to increase from around 1.7 million in 1990 to over 6 million in 2050,' and
therefore, medical expenditure will increase in the decades to come. In the Netherlands,
we estimated the cost of osteoporotic fractures at € 190 million (US$ 210 million) in
1993," while hip fractures accounted for 85 % of this cost.

In some studies it is argued, howevcer, that the importance of non-hip fractures in the
cost of osteoporotic fractures is underestimated: a US study estimated the health care
expenditure attributable to osteoporotic fractures in the United States at US$ 13.8 billion
(€ 12.4 billion) in 1995. Moreover, this study concluded that only 60 % of the cost was
caused by hip fractures, while the remainder was due to fractures at all other skeletal
sites, including vertebral fractures that came to medical attention. The difference between
bath studies was prohably caused by the fact that while our study included only hip-,
vertebral-, and wrist fractures as osteoporosis related fractures, the US study included,
based on expert opinion, a large proportion of all non-hip fractures as osteoporosis
related.

To assess the cost-of fractates, it is however not sufficient to know the global health care
expenditure. Some costs, such as for nursing home admissions, may also occur without a
fracture, and it is thercfore necessary to estimate the difference in health care expenditure
between fracture patients, and similar individuals in which a fracture did not oceur,

FEven while a hip fracture is easy to define, and case finding relatively casy, the estimated
cost for a single hip fracture varies widely from under € 5.500 1o over € 36.0003"
depending upon country and timeframe of interest. The cost estimate also depends on
whether medical cost after fracture was simply added-up, or whether incremental cost
was calculated by comparing the cost to previous health care expenditure. A further
source of vatiation is the choice whether to include only medical cost or to take into
account indirect costs as well.

Cost estimates of incident vertebral fractures are even less reliable. Vestebral fractures
often remain asymptomatic, and it was estimated that only a third of vertebral fractures
spontaneously come to clinical attention.”™ ' The real incidence of vertebral fractures is
therefore pootly known, but there is evidence that it increases with age in much the same
way as hip fractures. " Prevalence studies indeed show an increase of both prevalence of
all vertebral deformities, and an increase in severe deformities with agc.m " Therefore,
estimates of the total cost depend heavily upon the definition of a vertehral fracture and
upon the case finding procedures. ‘There are, however, a few estimates that range from €
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240 up to € 2.200.°"* In a recent review, cost of vertebral fractures was estimated at
around € 1.100."”

In this study, we estimate the incremental cost for medical care after hip and
radiologically defined incident first vertebral fracture in a Dutch eldecly populaton, by
comparing the health expenditure in fracture patdents to the costs generated in a
comparable control gtoup. We excluded indirect cost.

PATIENTS AND METHODS

Setting

We estimated the cost of incident hip fractures and incident first vertebral fractures in a
matched cohort design within the Rotterdam Study. The Rotterdam Study is a
prospective cohort study of the cccurrence and determinants of disease and disability in
the eldetly. The design of this study has been described previously.” The Rotterdam
Study focuses on neurogetiatric, cardiovascular, locomotor and ophthalmologic diseases.
The study started in 1990 and all 10.275 men and women aged 55 and over, living in
Ommoord, a district of Rotterdam, were invited to participate. The study was approved
by the Medical Ethics Committee of Erasmus University Medical School, and
participants provided written informed consent. By mid 1993, the cohort was completely
assembled, and from those eligible for participation, 7.983 did participate, btinging the
overall response rate of this study to 78 %.

‘The baseline survey included a home interview for all participants, The independentdy
living participants were subsequently invited for two visits to the research center for an
extensive series of clinical examinations and laboratory assessments. Baseline assessments
in the home interview included self-petceived health and the assessment of the
impairment of activities of daily living (ADL) using a questionnaite modified from the
Stanford Health Assessment Questionnaire.™ During the visit to the research center we
performed a lateral radiograph of the spine from the fourth thoracic to the fifth lumbar
vertebra, as desctibed previously.” Between mid 1993 and 1995, all independently living
participants were again invited for a follow-up visit o the rescarch center, and at this
time we performed a sccond lateral radiograph of the spine using the same protocol,

Incident bip fractures

Follow-up of hip fractures was achieved through a link with the computer systems of the
general practiioners of the district and through hospital admission data, covering about
30 % of the study population. or all participants not covered by this system, annual
checks were performed on the complete medical records of their general practitioners.
Reported fractures were verified by rettieval and review of the appropriate discharge
reports from the patient record. Participants with an incident hip fracture between the
beginning of 1991 and the end of 1994 were included as cases.

Lncident vertebral fractures

Vertebral deformitics were diagnosed by morphometry on the second radiograph
according to the Eastell method,” and as modified by Black et al™ As described
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previously,” deformities were categorized as moderate or severe. Moderate deformitics
(grade 1) were defined as a deviation of any ratio of the heights between the -3 and the -4
SD cutoff value. Severe deformities (grade II) were defined as a ratio below the —4 SD
cutoff value. These thresholds were obtained in the same study population and were
published.'® For all participants with a prevalent vertebral deformity on the second
radiograph, the first radiograph was also digitized and vestebral deformities were
diagnosed using the same method. We defined a ficst vertebral fracture as at least one
severe deformity on the second radiograph, without any vertebral deformity on the first.

Maitched contvol gronp

For every partcipant with an incident fracture, we randomly choose a participant
matched at baseline on age (within the same 5 year age group), gender, self-petceived
health, composite ADL activity score,' living situation (alone or with partner, and
independently living or in residential care), and general practitioner, This matching was
an attempt to make medical consumption at baseline as similar as possible. For the same
reason, it was a prerequisite for the matched control to be alive at the moment of the hip
fracture, or at the moment of the second radiograph in case of vertebral fractures.

Medical consumpiion

In the Dutch health care system, the general practitioner (GP} is the gatekeeper of the
healtheare system. This means that referrals need to be done by the GP, and that the GP
record s the central repository of medical information about a patient. Medical
consumption was assessed by retrieval of the medical records in the general practice. All
hospital admissions and their duration from 1990 until the end of 1996 were recorded.
Admission to nursing homes was recotded similarly. We also recorded all general
practice, and out-patient visits. Pharmaceutical consumption was assessed by retrieval of
the computetized records of the central pharmacy of the district, covering all
participants,

Analysis

Unit prices for cost of medical consumption were based on the Dutch guidelines for cost
calculations in health research for [993.% ‘Those guidelines use comprehensive per diem
prices including medical care and hotel costs: for hospital admissions these were € 351
per day and € 95 for nussing homes. The price for a GP visit was € 13, the price for a
medical specialist contact € 90. For pharmaceutical consumption, the net cost to society
was used. For hip fracture we calculated the cost during the year preceding the hip
fracture, and compared it to the cost in the 2 years following the hip fracture. For the
control group we did the same, using as reference the date of hip fractute of the
matching case. Survival was described with Kaplan Meier survival analysis.

Sinee we did not know the exact date of incident vertebral fractures, we compared the
average yeatly cost in the years preceding the first radiograph with the average yearly cost
in the years following the second radiograph (until the end of 1996 or until death). To
account for the period in between the two radiographs, where important acute care costs
might be incurred, we also calculated the average yeatly cost for this period.
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Because the distribution of the cost data was extremely skewed, we did not use
conventional parametric tests for assessing the precision of the estimates. As an
alternative we used a bootstrap method to calculate the averages and the 95 %
confidence intervals.” Cases and controls were sampled as pairs, and for every parameter
100.000 Monte Catlo bootstraps were calculated.

RESULTS

Daring the follow-up periad, 48 hip fractures occurred, and an equal number of matched
controls wete selected. In two cases of hip fracture and in two controls we were not able
to obtain all the necessary information to calculate medical cost. Therefore, those 4 pairs
were deleted from the analysis, giving us valid information for 44 pairs (91 %b).

We detected 45 severe first vertebral deformites, and again selected matched controls.
Hete, we did not obtain all the informaton on medical consumption for 3 cases, and
those 3 pairs were deleted from the analysis, leading to valid information for 42 pairs (93
%). Table 1 presents the baseline characteristics for the four groups.

Table I: Overview of participants

Hip fractures Vertebral fractures
Cases Controls | Cases Controls
Number 44 44 42 42
Women (n) 34 34 32 32
Independently living (n) 31 31 42 42
Mean age in years (SD) 816 (7.9) 81.3(82) | 73.1(7.3) 73.0(7.3)
Alive at end 1996 22 30 38 40

Incident bip fractures

In the year preceding the hip fracture, the total cost of medical consumption was similar
in both groups. Average cost was € 1638 in the hip fracture group and € 1511 in the
control group, In the first year following the hip fracture, the average cost increased to €
10139 in the hip fracture group and remained at the same level in the control group (€
1481).

Table 2: Average incremental cost (€) after bip fracture

ALL SUBJECTS IN STUDY ONLY SURVIVING
SUBJECTS

Year before 1st year 2nd year 1 year 2nd year
Pharmacy 71 -123 46 42 244
Hospital admissions 32 6832 18 6891° 10
(Orthopedic surgery)
Other hospital admissions -£52 -327 -64 36 N
Nursing home 191 2298' 934 2682 1326
Physician visits -15 -23 -32 3 2
Total 127 8658 923 9218’ 1.763
(95 % Ch (-850 — 1107)] (6402 — 11202) (651 — 2953)] (6688 — 12141) (-379 — 46048

" significant within 95 % confidence limits
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Table 2 presents the estimated incremental cost between the hip fracture and control
groups broken down by area of health care expenditure. The increased costs were mainly
incurred during the first 3 months after the hip fracture, the main component being the
initial hospital stay at the orthopedic ward. The cost difference in those first 3 months
was € 7280 (5884 — 8740). During the remainder of the first year there was an additional
cost of € 1378 (25 — 3042) mainly associated with nursing home stays, In the second year
the average cost in cases was € 2342 compared to € 1419 in controls. Again, this
additional cost was associated with nursing home admisstons.

70% CASES

60% 0CONTROLS|
50%

40%
30%
20(V0
10%

0%

0-1000 1000-5000 5000-10000 >10000

Yearly cost
Figure 1! Distribuiton of the cost (€)of wedical care in the year after hip fracture

Figure 1 indicates the distribution of yearly direct medical costs in cases and controls
during the first year following the event. Tt shows that in controls over 65 % of the
controls had a yearly cost below € 1000 and that cost exceeded € 5.000 in only 10 %. In
cases, however, cost exceeded € 5.000 in almost 80 % of the cases.

In this cost calculation, we disregarded the important extra mortality after a hip fracture.
There was indeed an obvious increase in the death rates in the hip fracture patients in the
6 months following the event. Figure 2 gives the Kaplan-Meier survival curves
comparing the survival of hip fracture cases with controls. When we excluded
participants after the moment they died, the average incremental cost during the first year
rose only slightly to € 9218. The main raison for this modest increase was that the
majority of costs were incurred iminediately after the hip fracture, also in people dying
subsequently. In the second year, however, the cost difference almost doubled, from €
923 to € 1763, mainly caused by nursing home and pharmacy costs.
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For vertebral fractures the cost differences were less pronounced. In this population, the
average cost of medical consumption before the first radiograph was € 1069 for cases
and € 608 for controls. Duting the period in between the two radiographs the average
yearly cost was € 1478 for cases and € 1087 for controls. The second radiograph was
taken on average 2.2 years after the first, and the yearly cost afterwards was on average €
2836 for cases versus € 1877 for control subjects. In the GP records we could find a
trace of vertebral deformities in only 14 of the cases (33%). Moreover, 4 of those were
only detected afiet the second radiograph in our study, indicating that these vertebral
deformities were not detected at the moment of their occurrence.

Table 3: Average incremental cost (€) after first vertebral fracture

Years before first

Years in between

Years after second

radiograph radiographs radiograph
Pharmacy 25 162 320’
Hospital admissions -37 -44 136
(Orthopedic surgery)
Other hospital admissions 432 209 452
Nursing home -13 0 i
Physician visits 54 66’ 40
Total 461 391 959
(95 % CI} (-167 - 1213) {-208 - 1065) (-646 — 2650)

significant within 35 % confidence limits
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‘Table 3 presents the estimated incremental cost between cases and controls broken down
by area of health care expenditure. "The cost difference before the vertebral fracture was
almost entirely due to hospital admissions. After the second radiograph this difference in
hospital costs persisted, while the remainder of the increase was mainly associated with
pharmacy costs and also to a lesser extend with admissions in orthopedic surgery wards.

The € 320 incremental pharmacy cost was not attributable to specific medication, and the
cost difference was present in almost evety drug category. The most marked increase in
yearly cost (€ 136) was in the category of the anti-ulcer drugs, and the use of Omeprazol
and Ranitidine was responsible for most of this difference, although this was not due to
volume but to the price levels of those products. Incremental cost was also recorded in
several other drug categories such as the cardiovascular, hormonal, and respiratory drugs
and also in the non-steroidal anti-inflammatory deugs, but without presenting a clear
pattern. For the period in between the two radiographs we see no indication of any acute
phase costs, apart from a significantly increased cost of physician visits, but these

- represent low costs. But, since we do not know the exact moment of the vertebral
deformity these costs are more difficult to interpret.

Figure 3 shows the distribution of average yearly cost in cases and controls after the
second radiograph. For controls this distribution is similar o that in the hip fracture
control patients, In cases, however, a large majority had a yearly cost of over € 1.000.
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Figure 3: Distribution of the yearly cost (€)of medical care gfier [irst rertebral fracture.
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DISCUSSION

Main findings

We estimated that, in this population, a hip fracture caused an extra cost of about € 8600
duzing the first year and € 920 in the subsequent year, There was an important extra
mortality in the 6 months after the hip fracture as other studies reported before. ™
‘Taking this excess mortality into account and caleulating average cost for surviving
patients and controls, did not dramatically change our estimate during the first year, since
most cost was incurred directly after the fracture, But, assessing sutviving participants
only, incremental cost in the second year almost doubles, mainly due to nursing home
admissions and pharmacy cost. In two other studies that also compared cost before and
aftet the event, incremental cost duting the first yeat was estimated at between € 14.350
to € 17.000 for the US,"” and € 19,700 for Sweden." This is substantially higher than
what we found in this Dutch population. The main reason for this difference appears to
be the cost per day for hospital admissions, which is substantially lower in the
Nethetlands. Estimates from UK studies are generally lower,™"” but these studies only
focussed on the acute phase costs. Their estimates, however, correspond to out results
for the first 3 months after the event.

Costs of vertebral fractures are largely unknown, and cost estimates based on prevatent
fractures are bound to be biased, since, in practice, those fractures often remain
undiagnosed. Therefore, estimates vary widely. In our study we determined vertebral
fractures by comparing radiogtaphs made in a population based cohott, and we found
that, even before the occurrence of the fracture, the average yearly cost was € 460 higher
in cases compared to their matched controls. This incrementat cost was largely caused by
hospital admissions and seems to point to preexisting co-mosbidity that was not avoided
by the matching procedute used.

Most of the vertebral deformities in our study remained undiagnosed. Thetefore, it is no
sutprise that the obscrved incremental cost is only modest. While the higher cost for
admissions to orthopedic surgery wards after the occurrence of a vertebral fracture is not
surprising, the higher phatmacy cost is, especially the observation that there was no
specific drug category causing this. The single category causing most of this cost
difference was the category of the anti-ulcer drugs although this was not due to volume
but to the ptice levels of those products. Other extra consumption was recorded in the
groups of cardiovascular, horronal, and respiratory drugs and in the non-steroidal anti-
inflammatory drugs. The importance of this cost for vertebral fractures becomes,
however, important since it appear to be a yeatly recutrent cost, at least during the first
few years following the veriebral fracture,

The finding of this pre-existing incremental hospital cost and the unspecific drug usage in
patients with incident vertebral fractures may have important implications. When
confirmed by additional research, this would mean that the cost-effectiveness of
strategies to prevent vertebral fractures might be overestimated, since at least part of the
cost was pre-existing and will probably not be avoidable,
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Strengths and limitations

International comparisons of cost are difficult, because health care is organized
differently in different countrics. The average initial stay at the orthopedic ward for
instance, is only 11 days in Sweden' while it is 26 days in the Netherlands,” However, in
Sweden it is followed by a longer stay at a geriatric ward. Moreover, the definidon of
what is included in health care cost and what is not differs from one country to another.
While the severity of hip fractures is probably comparable between studies, the severity
of vertebral deformities heavily depends upon the definition, Here we choose to include
all severe incident deformities whether or not they caused complaints.

In this study, we studied incremental cost caused by fractures by compating health care
cost directly between individuals with and without a fracture, matching for potendal
determinants of health care consumption, while previous studies on incremental costs
utilized health care use by the patient in the months before the hip fracture rather than
using control patients. """ This method allowed us to compare costs directly, but also to
take into account the excess mortality in the hip fracture group, compared to the control
group. For hip fractures, the matching appears to have achieved its purposc, since
average cost before fracture was roughly equal between cases and controls. For vertebral
fractures however, there was, even before any fracture, a cost difference of € 460, This
was possibly caused by undetlying co-morbidity that was not aveided by the matching,
and it clearly undezlines the need for a control group when assessing the cost of vertebral
fractures. Since the exact date of the vertebral deformity was impossible to determine, we
accounted for those costs by analyzing the complete period in between the two
radiographs, and we did not find indications of any substantial acute phase cost.

In this study we only included direct medical costs, and the average cost was small,
compared to overall average health care costs for individuals of the same age in the
Nethetlands.™ This is because we included only relatively healthy and mostly
independendy living individuals. We also investigated only incremental cost after a first
vettebral fracture, and this study gives no information on the cost consequences of
multiple vertebral fractures. Moreover, we included a large proportion of vertebral
deformities that never came to clinical attention, and this has to be considered when
extrapolating these results to other populations. In calculating the medical consumption
we did not include health care costs such as home care and home help, paramedical care,
ambulatory physiotherapy, cquipment costs and transportation cost. From Dutch health
expenditure data,” we estimated that these costs only account for about 15 % of all
health care costs in this age group. Tndirect cost due to lost production was not included
as we felt this was ireelevant in this elderly population, but this is an important reason
why our estimates are low.

The most important limitation, however, is that this study for assessing the cost of
incident fractures by direct comparisen of patients with a control group was relatively
small, and although the approach appears feasible, the results should be interpreted with
caution, 4s is obvious from the relatively wide confidence intervals, Further investigation
is needed, especially to validate our finding that co-morbidity might be an important
determinant in the cost of vertebral fractures. The observation of the increased and
unspecific drug conswmption is intriguing, and to our knowledge no other study has
included this individual pharmaceutical consumption in a cost analysis of fractures.
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Conclnsions

In this study, we used a novel approach for assessing the cost of incident fractures by
direct comparison of medical expenditure in fractures patients with that in a matched
control group. While, for hip fractures, our results largely confirm previous cost
estimates both in the Netherlands as in other countries, the results for vertebral fractures
are surprising. Hip fractures cause an important cost and excess mortality, and
prevention of hip fractures would probably avoid those, For vertebral fractures we could
not detect important acute cate costs, but we did observe a higher medical expenditure
even before the occurrence of the fracture, while an important part of the additional
incremental cost after fractute was caused by unspecific use of pharmaceutical drugs,
This appears to point to co-morbidity, and it is therefore unlikely that prevention of
vertebral fractures will eliminate all the incremental cost. When confirmed, this finding
would have important implications for the evaluation of the cost effectveness of
preventive strategies.

REFERENCES

1 Melton IJ3. Hip fractures: a worldwide problem today and tomorrow. Bone 1993;14{1):51-8,
2 Lindsay R. The burden of osteoporosis: cost. Am ] hed 1995;98(2A)95-118.

3 De Laet CE, van Hout BA, Hofman A, Pols HA. [Costs due to osteoporosis-induced fractures in The
Netherlands; possibilities for cost conttol]. [Dutch). Ned Tijdschr Geneeskd [996;140:1684-8,

4 Ray NF, Chan JK, 'Thamer M, Melton L]. Medical Expenditures for the Treatment of Osteoporotic
Fractures in the Untted States in 1995: Report from the National Ostecpotosis Foundation, | Bone Miner
Res 1997:12:24-35,

5 Tosteson AN, Rosenthal DI, Melton L3, Weinstein MC. Cost effectiveness of screening perimenopausal
white women for osteoporosis: bone densitometry and hormone replacement therapy. Ann Intern Med
1990;113:594-603.

6 Chrischilles E, Shireman T, Wakace R. Costs and health effects of osteopototic fractures, Bone
19%4;15:377-86.

7 Clask AP, Schuttinga JA. Targeted estrogen/progesterone replacement therapy for ostcoporosis:
caleulation of health care cost savings. Ostcoporos Int 1992;2:195-200.
L4

8 French FH, Torgerson D}, Porter RW. Cost analysis of fracture of the neck of femur. Age Ageing
1995;24:185-9.

9 Hollingworth W, Todd CJ, Parker M]. The cost of treating hip fractures in the twenty-first century. J
Public Health Med 1995;17:269-76.

10 Hollingworth W, ‘Todd C, Patker M, Roberts JA, Williams R. Cost analysis of eatly discharge after hip
fracture, Bmj 1993;307:903-G.

11 Zethraeus N, Stromberg L, Jonsson B, Svensson O, Ohlen G. The cost of a hip fracture. Estimates for
[,709 patients in Sweden, Acta Orthop Scand 1997,68:13-7,

12 Johnell O, The secioeconomic burden of fractures: today and in the 21st century. Am J Med
1997,103:255-265.

13 Brainsky A, Glick H, Lydick E, Epstein R, Fox KAI, Hawkes W, et al. The econemic cost of hip
fractures in community-dwelling older adulis: a prospective study. | Am Gexiatr Soc 1997;45:281-7.

14 Kanis JA, McCloskey EV. Epidemiology of vertebral osteoporosis. Bone 1992;13:51-10.
15 Ross PD. Clirtical consequences of vertebral fractures. Am j Med 1997;103:425-438.

42



1.3 Incremental cost of medical care after hip fracture and first vertebral fracture

16 Cooper C, O'Neill T, Silman A. The cpidemiclogy of vertebral fractures. Eurepean Vertebral
Osteoporosis Study Group. Bone 1993;14:589-97.

17 Black DM, Palermo 1., Nevitt MC, ct al. Comparison of metheds for defining prevalent vestebral
deformities: the Study of Osteeporotic Fractures. | Bone Miner Res 1995,10:890-902.

18 Burger 11, Van Daele PLA, Grashuis K et al. Vertebral deformities and functional impairment in men
and women. Bone Miner Res 1997;12:152.7.

19 Lunt M, Felsenberg D, Reeve |, Benevolenskaya L, Cannata ], Dequeker ], et al. Bone density vadation
and its effects on risk of vettebral deformity in men and women studied in thirteen European centers: the

EVOS Study. J Bone Miner Res 1997;12:1883-94,

20 Francis RM, Anderson FH, Torgerson D). A comparison of the effectivencss and cost of treatment for
vertebral fractures in women, Br ] Rheumatol 1995;34:1167-71,

21 Jonsson B, Chrstiansen C, Johnell O, Hedbrandt J. Cost-cfectiveness of fracture prevention in
established osteoporosis. Osteoporos Int 1995;5:136-42,

22 Ankjaer-[ensen A, Johnell O. Prevention of osteoporosis: cost-effectiveness of different pharmaceutical
treatments. Osteoporos Int 1996;6:265-75

23 Hofman A, Grobbee DE, de fong PT, van den Ouweland FA. Determinaats of disease and disability in
the eldetly: the Rotterdam Elderly Study. Eur | Epidemiol 1991;7:403-22,

24 Pincus T, Sumrmey JA, Soraci SA Jr, Wallsten KA, Hummon NP. Assessment of patient satisfaction in
activitics of daily living using a modifted Stanford Health Assessment Questionnaire. Arthritis Rheum.
1983;26:1346-53.

25 Eastell R, Cedel 8L, Wahuer HW, Riggs BL, Melton L3. Classification of vertebsal fractures. | Bone
Miner Res 1991;6:207-15.

26 Black DAL, Palermo L, Nevitt MC, ¢t al. Comparison of methods for defining prevalent vertebral
deformities: the Study of Osteoporotic Fractures. ] Bone Miner Res 1995;10:890-902.

27 Rutten FFH, van Ineveld BM, van Ommen R, van Hout BA, Huijsman R. Stuurgroep
Toekomstscenario's Gezondheidszorg, Kostenberekening bij Gezondheidsonderzoek, Richdijnen voor de
prakiijk. Utrecht: Van Arkel, 1993.

28 Efron B, Tibshirani R. Bootstrap Methods for Standard Errors, Confidence Intervals, and Other
Measures of Statistical Accuracy. Statistical Science 1986;1: 54-77.

29 Schroder FIM, Edandsen M. Age and sex as determinants of mortality after hip fracture: 3,895 patients
followed for 2.5-18.5 years. J Orthop Trauma 1993;7:525-31.

30 Beereboom FT, Raymakers JA, Duursma SA. Mortality and causes of death after hip fractures in The
Netherlands. Neth ] Med 1992;41:4-10.

31 Polder J], Meerding W], Koopmanschap MA, Bonaeux L, van der Maas P]. Kosten van ziekten in
Nedetland 1994. Rotterrdam: Erasmus Universiteit, institaut Maatschappelijke Gezondheidszorg/instinut
voor Medische Technology Assessment, 1997.

43






PART 2

MODELING THE RISK OF HI? FRACTURES







2.1 BONE DENSITY AND RISK OF HIP FRACTURE IN
MEN AND WOMEN: CROSS SECTIONAL ANALYSIS

This chapter was published as: De Lagt CEDH, 1V ay Hont B, Burger H,Hofman A, Pols HAP.
Bone density and visk of bip fracture in men and wonen: cross seclional analysis. BMJ 1997, 315:221-5.

INTRODUCTION

The number of people with fracture of the hip is increasing rapidly and by the year 2050
may exceed 6 million a year worldwide, up from 1.6 million in 1990." The aging of the
population is the most important reason for this increase, In additon, the age specific
incidence of hip fractures has afso increased in several countries, including the
Netherlands."? Hip fractures are a major cause of mortality and disability in elderly
people and an important burden for the health services in many countries,”

As most hip fractures occur in women, most attention has focused on bone loss in
women, predominantly around the menopause. Less is known about the relation of hip
fractures with bone loss later in life, and the high incidence of hip fracture in older men
is largely neglected.*

Detailed quantitative knowledge about the effect of age and bone density on the absolute
tisk of hip fracture is necessary to evaluate the potential benefit of interventions aimed
exclusively at bone density. The association of low bone mass with an increased risk of
hip fracture is well documented.’ The strong increase of tisk with age and the bone loss
associated with age are also evident,® but the effect of both determinants together is
pootly understood. This information could be obtained directly from follow up studies,
but the numbers and time required make those studies difficult to accomplish.
Combination of data can, however, lead to indirect estimates of the absolute risk
comparable with the approach used previously to estimate the lifetime risk

of hip fracture.

In the present study we combined cross sectional data on bone mineral density from a
population based sample of eldetly men and women living independently with incidence
data on hip fracture from a natonal registry in the Netherlands. In combination with
data from the literature, this allowed us to estimate the effect of age and bone density on
the risk of hip fracture in men and women.

METHCDS

Distribution of bone mineral density

‘The Rotterdatmn study, started in 1991, is a prospective follow up study of the occurrence
and determinants of disease and disability in eldetly people. The design of this study has
been described.® "The study focuses on four primary topics of feseatch: neurogeriatric
diseases, cardiovascular diseases, locomotor diseases, and ophthalmological diseases. All
10275 men and women aged 55 and over living in a district of Rotterdam were invited to
participate. The study was approved by the appropriate medical ethics committee, and
participants provided written informed consent. From those eligible, 7983 participated,
bringing the overall responsc rate of this study to 78%.
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The baseline survey included an initial home interview followed by two visits to the
research centre for a series of clinical examinations and laboratory assessments, Those
baseline assessments included dual energy x ray absorptometry scans of the femoral
neck.

Methods of measuring bone mineral density and data on bone density in a subsample of
1762 subjects have been reported.” The present study used the data on femoral neck
bone density from the total study population. This site was chosen because of the
growing consensus that prediction of fractures is best done with site specific
measurements.” People in nursing homes (11%) did not visit the research centre and thus
were not eligible for bone density measurements,

We present the results for men and women separately, using the age on the day of the
bone density measurement. The hone density disuibution by age and sex is presented in
5 year age classes; additionally ie was analysed continuously by linear regression. This
tegression model was extended with quadratic and cubic terms to detect a possible non-
linear association between age and bone density. As obesity is well known to affect bone
density," and as in this study body mass index seemed to be telated to age, it was added
to the regression model as a potential confoundet. The results are presented with 95%
confidence intervals.

Distribution of hip fractures

“The SIG (Foundation for Health Care Information) is a national registry that collects
vatious data refated to health care.'" All admissions to hospital in the Nethetlands are
included in this registration as is most of the information from narsing homes. In the
Netherlands vireually all patients with a hip fracture are treated clinically. Therefore,
hospital data give accurate information about the incidence of hip fractures.

Data for hip fractures in 1993 (Infernational Classification of Diseases, ninth revision (1CD-9)
code 820xx) were collected from the detailed SIG hospital registration data. They were
combined with Dutch demographic data for 1993 from the Dutch Central Bureau for
Statistics.”” The data were aggrepated in one year age classes and a best fitting function
estimated with the SPSS curve fitting facility.”

Probability of bip fracture

The relative risk for hip fractures, expressed as relative risk per SD decrease in bone
density measured at the femoral neck, was estimated by Cummings et al to be 2.6 (95%
confidence interval 1.9 to 3.6} in women." Combining this relative risk with data on
incidence and bone density made it possible to estimate the probabilities of hip fracture
by age, sex, and bone density. The mathematical details are given in the Appendix A, We
used the same relative risk estimate for men. We also estimated the isolated effects of
aging and decline in bone density related to age and calculated confidence intervals for
these separate effects by using the 95% confidence intervals of the relative risk per S
decrease in bone density.



2.1 Bone density and risk of hip fracture in men and women: cross sectional analysis

RESULTS

Distribntion of bowe mineral density

Table 1 shows the overall charactetistics of the study population. From the 7086 people

eligible, bone density data were obtained for 5814 (82%). This response rate remained
above 70% up to the age of 85 years; in people aged over 85 the response dropped to
54%. Men were slightly younger than women (mean 67.6 (SD 7.6) yeass v 68.5 (8.3)
years). The ape at menopause was the same in all age groups (48.9 (5.2) years).

The bone density values, stratified by age and sex, were normally distributed, and the SD
was almost constant over the age categories. Bone density declined lineatly, and
introducing quadratic and cubic terms did not improve the model. The appatent decrease
in bone density at the femoral neck was 0.0046 (95% confidence interval 0.0040 to
0.0051) g/cm2/year for women and 0.0031 (0.0024 to 0.0038) g/cm2/year for men,
Correction for body mass index changed those values only slightly (0.0050 g/cm?2/year
for women and 0.0028 g/cm?2/year for men).

Table I: Mean (SD) height, weight, body miass index, and hone mineral density of elderly peapl,
Ratterdam.

Men Women
Agpe No Height Weight BMI BMD No Height Weight BMI BMD
(cm) {kg) (kg /m?) (gfem? ()] &g (kg /m?) {g/cm?

55.59 449 1772 (6.8) BOG{H0.T) 257 (20 0917 (0.133) 613 164.0 (6.2) T {110} 26,1 (3.9) 0862 {0.129)
0-64 572 176.0 (6.5) BOS({I1Y)  260(32) 0888(0.121) 730 1631 (6.1) TG {£1.2) 265 (3.9) 0.832 {0.126)
65-69 547 175.1 (6.9) TBI(104) 257 (20)  0.866(0.131) G50 162.6 (6.1} TLA {09} 270 (3.9) 0.815 (0.134)
70-74 418 1741 (6.3) 78.4(105) 25930y 0.865 (0.138) 606 1610 (6.2) 69.9 {HLY) 27.0 (40) 0.791 (0.229)
75719 301 172.0 (6.3} 75.8(08) 256(29) D.855(D.145) 433 158.8 {.2) 47.9(11.2) 26.9 (4.2) 0.763 (126}
80-84 126 7.2 (6.8 00T 25327 0.829(0.139) 240 157.5 {5.9) 6841 (10.8) 212 (4.1} 0.752 {0.127)

85+ i3 E70.1 (1.2 T19(83)  249(28 (.504 (0.14D) 26 1513 {6.3) 671 (0.9) 27,1{37 0.729 (0.137)
Torat 2446 1749 {68} 788 (10.8) 257 (30) (LAT6 (0.135) 3368 161.7 {6.5) 690 (15.1) 26,7 (4.0} 0.809 (11134

Distribution of bip fractures

In the Netherlands in 1993 there were 15 107 registered hospital admissions for hip
fractures in a population of 15 million, a quarter of which occurred in men. The one year
incidence of hip fracture (per 100 000) increased from around 40 at age 55-59 to about
3150 over age 95 in men and from around 40 to about 4450 in women. In each age
group, the incidenee of hip fracture in men was equivalent to that in women
approximately five years younger. Figure 1 shows the one-year cumulative incidence of
hip fractures by age and sex with the fitted curves; details of these functions are given in
Appendix B.
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Figure I: Oue year cunilative incidence of bip fracinre per 100 000 poputation, Netherlands, 1993,

Probability of bip fracture

From the preceding results we estimated the probability of hip fracture by age, sex, and
bone density (Appendix B). Figure 2 represents the association of the incidence of hip
fractute with bone density at the femoral neck for different ages in men and women.
Comparing an 80 year old woman with average bone density with a 60 year old woman,
we found a relative risk for hip fracture of 13.6. When we separated the offects, age
contributed 7.1 (5.7 to 8.8) to this relative risk, and age related decline in bone density
contributed 1.9 (1.5 to 2.4). For men the relative risk was 12.7; the contribution of age
was 8.2 (7.1 to 9.5) and of age related decline in bone density was 1.6 (1.3 to 1.8).

The magnitude of the relative risk per SD change in bone density affected the slope of
the risk functon (fig 3), which shows the curves for the central estimate (2.6) together
with the curves at the lower and upper limits of the 35% confidence interval (1.9 to 3.6).
As the incidence of hip fracture specific for age remains constant the risk of low bone
density becomes higher, and the risk of high bone density becomes smaller when we
assumne a higher relative risk. The opposite happens at the lower confidence limit.

Fig 2 One year cumulative incidence of hip fracture by femoral neck bone density at ages
60, 70, and 80 in women and men
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Figure 2: Oue-year crimnlative incidence of hip fraciurve by femoral neck boue density at ages 60, 70
and 80.
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Figure 3: Oune year cnmnlative incidence of bip fractnve in men and women aged 80 with a relative rivk
(per SD decrease of fersoral neck bove density) of 2.6 and 95% confidence limits 1.9 and 3.6. For
central estimate (2.6) solid and dotted lines overlap
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DISCUSSICN

After the age of 60 the incidence of hip fracture is consistently lower in men than in
women of the same age, Men have about the same risk of hip fracture five years later
than women. Though the age related decline in hone density is larger in women, the risk
of hip fracture when age and bone density ate considered together Is rematkably similar
in men and women. The five year difference in the age specific incidence of hip fracture
between men and women can, in this study, be explained by the different bone density
distributions at those ages. ’

Though the risk for hip fracture increased 13-fold from age 60 to age 80 in both men and
women, the age related decline in bone density explained metely a doubling of this risk,
'The rest of the increased risk is explained by other determinants of risk that have been
accounted for by using age as a surrogate and that are approximately equal in men and
women. Previous research identified several skeletal and extraskeletal determinanes,”
Though bone density is not the main component of the increased risk of hip fracture in
old age, risk would be substantially reduced if the age associated decline in bone density
between the ages 60 and 80 could be excluded: 2 36% reduction in men and 48% in
women. Recent clinical trials indicate that part of this risk reduction might be

H 16,17
achievable, ™

Assumplions

The stronger effect of age on risk of fracture in general and of hip fracture in particular
has been obsetrved in wotnen,™ but previous studies were based on relatively small
numbets of fractures. Our design allowed us to use the information from more than 15
000 hip fractures in the analysis. The data presented here, however, were derived from
several sources, which involves some assumptons that need to be examined, We
assumed that the distribution of femoral neck bone density in the Netherlands
corresponds to the distribudon in this study. Even though our sample was population
based, it could have been influenced by selection bias: healthy people could have been
overrepresented. The high response rates indicate that this effect was probably small,

More importantly, the sample included only people who were living independently. The
more frail patients in nursing homes, presumably with lower average bone density, were
excluded, resulting in an underestimation of the age associated decline of bone density.
Fewer than 9% of eldetly people aged under 80 were in nursing homes, but this
proportion rose greatly at higher ages. This means that the validity of the data seems
assured up to the age of 80, bue that the effect of the age associated decline in bone
density will probably be somewhat higher than estimated in the older age categories. The
age associated decline in bone density that we found was of the same magnitude as in
other cross sectional, population based studies, although the absolute levels are slightly
higher,™?!

Finally, cohort effects cannot be excluded as the bone density data used in this study are
cross sectional. If present, these cohort effects would affect the estimated rate of bone
loss but not the risk function.
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Other risk indicators

In the analysis, age was used as a surrogate martker for several risk indicators, including
propensity to fall, types of fall, muscle strength, and bone quality. We used the
distribution of bone density and the age related decline in bone density without
correction for height, weight, or for the age at menopause as we were interested in the
combined effect of these determinants. Moreover, the confounding effect of body mass
index was small, and in women the age at menopause was unrelated to age at fracture,

Chotee of relative visks

We assumed the relative risk of 2.0 per SD to be the same at all ages, and we also
assumed this relative risk applics to the Nethetlands. This relative risk esdmate influences
the slope of the association between incidence of hip fracture and bone density but it
does not alter the level of those curves, as is clear from figure 3. It could, however,
influence the contribution of the age related decline in bone density to the risk of hip
fracture, But, even at the upper confidence limit, this merely doubles the risk over 20
years of aging, It was previously shown in women that bone mineral density predicted
fractures equally well at different ages up to the age of 80.” Additionally, in a recent
meta-analysis the relative risk estimate remained at 2.6 while the confidence interval
natrowed slightly (2.0 to 3.5).> This same study also indicated that the estimates of
relative risk for different measurement and fracture sites seem to be comparable in
different parts of the world.

As no relative risk based on large samples was available for men we assumed the same
relative risk in men and women, as others have sl.lggestecl,ﬂ'z4 and as was confirmed in a
recent follow up study of bone density measurements in 752 men in Australia.®® That
stindy estimated the relative risk for hip fraceures per SD lower bone density at the
femoral neck at 2.9 (1.7 to 5.0). This seems compatible with our a priori assumption of
no difference. When we applied this point estimate of 2.9 the results changed only
slightly; the contribution of aging {age 60 to age 80) became 7.8 (6.1 to 10) and that of
bone density decline 1.6 (1.3 to 2.1), supporting our conclusions.

Conclnsions

The risk of hip fracture, when expressed as a function of bone density and age, is
remarkably similar in men and women, and the difference in age specific incidence of hip
fracturc can be explained completely by the different distributdon of bone density in men
and women, Qur results also show that the contribution of age associated decrease in
bone density to the exponential increase of the risk of hip fracture with age is limited.
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APPENDIX A

To obtain the incidence of hip fracture specific for age, sex, and bone mineral
density (BMD) we combined the BMD distribution in this population based sample,
the observed incidence of hip fracture specific for age and sex in the

Netherlands, and the relative risk for hip fractures per SD decrease in the

femoral neck bone density as described by Cummings et al.” When we assume a
constant relatve tisk per SD decrease of BMD, the age, sex and BMD specific
incidence for hip fractures is given by:

. -2
Pogesecontp = Pugese " 8 0

where page,sex denotes the incidence for people with mean BMD for that age and
sex, where a is the relative risk per SD decrease in BMD, and where = is the BMD
difference from the age and sex specific mean BMD expressed in SDs, The
distribution of hip fractures by BMD in people of the same age and sex will then
he given by the product of the risk of hip fracture specific for BMDD given above
and the BMD distribution in this same population, which we know is normal. The
distribution of cases is therefore given by:

a’

i 2
fu_iae.rer(z) = ‘\/2_75 ) e—O‘Sz * Pugesec”

The tatal incidence of hip fracture can be calculated by the integration of this
distribution over the whole range of z. The incidence of hip fracture specific
for age and sex is thus given by:
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As the age and sex specific hip fracture incidence is knowa from population
data, we can calculate

From (1) and (2) it follows that:
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In practice this means that, to obtain the incidence of hip fracture for people
with mean BMD, the observed incidence specific for age and sex needs to be
divided by a cotrection factor C, given by:
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C = j Lo oo g

N

C equals 1 when a equals 1. In all other cases C is larger than 1. When a=2.6,
as is the central estimate in this article, the correction factor C equals
1.578541. (At the lower confidence limit (1.9) the correction factor is 1.228739
and at the upper limit (3.6) it is 2.271399.)

APPENDIX B

The one year cumulative incidence of hip fracture (per 100 000) in this article
is estimated from populaton data. The best fitting curves are power functions
given by

f = -15 3813
Ligemen = 9.3-107" - age

and

i = 1S L o207
JIc:!_rfe.wwrx(.-: - 5 9 10 age

The relation of femoral neck BMD (g/cm?) with age is best described by a linear
function:

BMD,,,.. = 108586—0.0031 age
and
BMDuge,wnmen = 1121284 _0~00456'ag8

With the conditions of normality and homoscedastcity fulfilled, and by assuming
a relative risk of 2.6 per SD decrease of BMD at the femoral neck, the one year
incidence of hip fracture {per 100 000) is thus given by (3):

(931077 - age®™*!
puge.mm.ﬂ,'-fﬂ £578541

0.135

) 1.08586—0.0031 ¥ age—BMD

and
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2.2 HIP FRACTURE RISK ESTIMATION IN ELDERLY MEN
AND WOMEN: VALIDATION IN THE ROTTERDAM STUDY

This chapter was published as: De Laet CEDH, Van Hout BA,Buger H,Hofinan A, Weel
AEAM, Pols HAP. Hip Fracture Prediction in Elderly Men and Wonen: Validation in the
Rotterdams Study. J Bone Miver Res 1998: 13:1587-1593.

INTRCDUCTION

In Western societies, hip fractures cause major morbidity and mortality in the eldely.’
Consequently, they generate substantial costs due to acute hospital treatment and
subsequent rehabilitation.” Improved life expectancy and the demographic evolution will
cause the number of hip fractures wotldwide to increase from about 1.7 million in 1990
to over 6 miltion in 2050." To target prevention at those with the highest risk, it is
important to be able to predict hip fractures.

Although the immediate cause of a hip fracture is mostly a fall, their occurrence is closely
associated with osteoporosis.’ Osteoporosis is defined as a condition chatacterized by
low bone mass and micro-architectural detetioration of bone tissue, with a conscquent
inctease in bone fragility and susceptibility to fracture.” The conventional method of
estimating bone mass is by bone densitometry. The World Health Organization defines
osteoporosis as a bone mineral density (BMD) of 2.5 standard deviation (SD) below the
mean for young adults.®

It is, however, important to distinguish between BMD as  tool for defining osteoporosis
and BMD measurement as a tool for fracture risk prediction.” The association of BMD
with subsequent hip fracture has been demonstrated in several studies with an estimated
relative risk, for women, of 2.6 per SD decrease in femoral neck BMD.* With this
relative risk estimate, the registered hip fracture incidence in the Netherlands, and the
BMD distribatdon from a Dutch population-based sample, we detived a theoretical one-
yeat hip fracture risk function by age and femoral neck BMD for men and women.” In
the present study we validated this tool for predicting hip fracture incidence rates in a
prospective follow-up study, Additionally, we calculated the risk of hip fracture per SD
decrease in femoral neck BMD for both men and women,

METHODS

Study participants

We previously estimated the one-year cumulative risk of hip fracture by age and BMD,
based on Putch hip fracture incidence data, the distribution of BMD in a sample of 5814
men and wornen aged 55 years and over, and on data from the literature.” In the present
study, we validated this risk estimate in the Rotterdam Study, a population based
prospective cohort study of the accurrence and deterrninants of disease and disability in
the elderly. The Rotterdam Study focuses on neurologic, cardiovascular, locomotor and
ophthalmologic discases. The study started in 1990 and all 10275 men and women aged
55 and ovet, living in Ommoord, a district of Rotterdam, were invited to participate. The
study was approved by the Medical Ethics Committee of Erasmus University Medical
School, and participants provided written informed consent. From those eligible for
patticipation, 7983 did patticipate, bringing the overall response rate of this study to 78
%. The design of this study has been desctibed previously.”
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The baseline survey included an initial home interview followed by two visits to the
research center for a series of clinical examinations and laboratory assessments. Baseline
assessments included dual energy X-ray absorptiometty scans of the femoral neck in the
independently living participants, using a Lunar DPX-L densitometer. Measurement
procedures have been reported previously.™

Risk estimation

For each participant, we calculated the one-year cumulative risk according to the risk
function, as an individual risk estimate. The equatons used for this purpose are given in
the appendix. Participants with an incident hip fracture prior to BMD measurement were
excluded from the risk classification. Based on the same risk functions, a nomogram
indicating the one-year hip fracture risk by age and BMD was constructed for men and
women. To avoid that these nomograms would only be useful to users of Lunar
machines, we also converted those tisk functions to other brands of densitometers. This
conversion was done using the conversion algorithms provided by Genant et al,,'”* and
the resulting equations can also be found in the appendix.

Hip fracture follow-up

Follow-up for hip fractures was achieved through a link with the computer systems of
the peneral practiioners of the district and on hospital admission data, covering about 80
% of the study populaton. For all participants not covered by this system, annual checks
were petformed on the complete medical records of their general practitioners. Reported
fractures wete verified by retreval and review of the appropriate discharge reposts from
the patient record. Follow-up started either at January 1, 1991 or at the time of the
baseline interview when this was later. Follow-up ended either at death, at the time of the
first hip fracture, or February 29, 1996,

Analysis

'Fo assess the performance of the risk funcdon, we divided the population with a valid
BMD measurement into categories by gender and risk. The individual one-year risk
estimate was categorized as either fow (< 0.1 %), moderate (0.1 - < 1 %) or high & 1 %).
These cut-off levels were arbitrary but based on clinical common sense: a one-yeat risk of
0.1 % approximately corresponds to the risk for an average women at the age of 60, (9)
while a T % risk approximately cortesponds to the risk for an average 80 year old
women. Incidence rates of first hip fracture were then calculated for each of these
categories. To account for the events occurring in participants without a BMD
meastrement, hip fracture incidence was caleulated separately for those living in
institutions for residential care and for community dwelling persons without BMD
measurement.

"F'o assess the effect of age, we subdivided these rsk-categories into ten-year age groups,
‘To avoid categoties without cutcome events, we combined for this analysis by age the
low and moderate risk categories into a single category. For categories where follow-up
time was less than 100 pyrs, we did not to calculate incidence rates since those results
were considered too unreliable.
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Finally, we calculated the age-adjusted relative risk per SD decrease in BMD using Cox’s
proportional hazards model. All point estimates are presented with their 95 % confidence
intervals (C1).

RESULTS

Baseline risk classification

Figures 1 and 2 represent, as a nomogeam, the one-year hip fracture risk by age and
BMD caleculated from the risk functions, for men and women respectively. The shaded
areas depict our Dutch reference BMD distribudon (g/em2), while the curves connect
points of equal risk at all ages. The curves are very similar in men and women, as we
described before,” while the average BMD is higher in men than in women at every piven
age, and the decrease of BMD with age is slower in mexn.

Complete follow-up was achieved for 7046 persons (2778 men) with an average follow-
up time of 3.8 years. In 5305 of those (2227 men), we also had a valid BMD
measurement at baseline, and the BMD distribution by age is shown in "Fable 1, Based on
bone density, age and gender, we classified everybody at baseline in risk categories
according to the sk functons: 2360 individuals were categorized as low risk, 2567 as
moderate risk and 378 as high risk. For 1741 individuals no baseline BMD measurement
was available: 614 lived in residential care, and 1127 lived independently. From the
independently living, 487 did not come to the study center, the others had no BMD
measurement beeause of technical reasons, mostly caused by machine downtime.

Table 1: Average BMI af baseline (SD) by age and gender.

Age Women Men

< 60 0.862 (0.130) 0.916 (0.133)
60-69 0.825 (0.132) 0.878 (0.128)
70-79 0.778 (0.128) 0.861 {0.141)
>80 0.747 (0.130) 0.827 (0.143)

Observed hip fractire incidence

Follow-up totaled 26771 person-years {10333 for men), and 110 first hip fractures were
observed, 23 of them in men. The obscrved hip fracture incidence rate for the whole
population was 4.1/1000 pyrs (3.4-5.0). Observed incidence in the low risk group (2
fractures) was 0.22/1000 pyrs ((,05-0.87). In the moderate risk group (27 fractures) the
incidence was 2.7/1000 pyrs (1.8-3.9) and in the high risk group (25 fractures) the
observed incidence was 18.4/1000 pyrs (12.4 - 27.2). In the group without BMD
measurement incidence in residential care (36 fractures) was 19.7/1000 pyrs (14.2-27.4).
In the independently living patticipants without BMD measurement (20 fractures) the
overall incidence was 4.5/1000 PYRS (2.9-7.0). Figure 3 presents these observed hip
fracture incidences for men and women separately.
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Figure 3: Observed bip fracture incidence by visk category and gender.

Table 2 gives an overview of the baseline classification according to the risk function, by
gender and ten-year age groups, and the number of hip fractures that occurred during
follow-up. As expected from the nomograms, the high risk group is more prominent at
older ages and more important in women than in men. At ages over 80 almost nobody fs
still in the low risk group, but an important proportion of the independently living
population can be considered, a priori, at oaly moderate risk, especially in men. Table 3
lists the observed incidence rates for all categorics, and the point estimates confirm the a
priori risk classification. However, in this analysis by age, the confidence intervals are
much wider, reflecting the staller numbet of events and follow-up time per category.

The observed age-adjusted relative dsk for hip fractures was similar in men and women.
The relative risk was 2.5 for each 8D decrease in femoral neck BMD (1.8 - 3.6) in
women. In men this relative risk was 3.0 (1.7 — 5.4). ‘These relative risks were not
statistically different (p=0.65).

Care

Table 2: Risk dlassification at baseline by age and gender (nnmber of observed bip fractures),

Women Men
Age Low  Maoderate High Ind v, Res. Caue Tetal] Low sk Moderate High Ind Liv. Res. Care Total
<6 |2 oW 5y 1] 622 @ @ 15 16(0) £2 1)

o] sorqy et )y 9@ A7 () s @lare @ eT(y 365(B 1@ 155() s} 1193
70.79) B5{0) 6D M1 () 264 (9 58 (M1 | 100 #8247} 26(0F 841

Q)
®

>80 TM) M8 ) 154012 L6111 416(2D} 886 (59) G WM HE RO o] 3120

Toral [1155 (1) 1619{17) 304 (21) 707 (18) 483 (30} 4268 (BRf 1205 (1) 948({W0) 74{4) 420(2) 13 (5| 2778 (23)

Ind. Liv: Independently living, but no BMD measured
Res. Care: Residential care, no BMD measured
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Table 3: Observed incidence rates [ 1000 pyrs by age and gender (95 % C1).
|

Women Men

Age { Lowand High Ind. Liv.  Rus. Care Overall] Lo and High Ind Liv. Res. Care Overall

maoderate maderate
<60 6.5 A5 * 0.8 0.7 4 0.6
{0.07-3.9) 0.5:25.0) 23] (0.049) (.1-4.9)
60-69 4 * 23 * 0.7 0.8 1.6 0.9
0.1-1.6) 0692 @18 (o32g  + w2116 = 329
70-79 kN 16.6 36 171 5.2 24 1.8 25
(1860 (36318 {5496 (5550 (G676 (1154 * 03126 = (1350
280 | 6.5 225 12.1 21.5 18.F 29 217 ] 18.6 10.2
@417.3) (128396 (106-346) (1474L3)] (139237 04200 (04737 @446  (55-100)
Taotal 1.6 188 6.4 215 5.3 13 163 13 16.6 22
(1026 (123289 @001 (43293 @365 @829 G139 sy g5 gsag

+incidence rates not calculated when observadon time is < 100 pyrs
Ind. Liv: Independently living, but no BMD measured
Res. Care: Residential care, no BMD measured

DISCUSSION

Main findings

In the community dwelling individuals, the high risk group consisted mainly of
individuals aged 70 years and older, predominantly women. The observed incidence rates
and their precision demonstrate that the risk function accurately predicted hip fracture
incidence in the vatious risk subgroups in men and women, The low and moderate risk
groups taken together, identified a large proportion of the study group with low hip
fracture incidence, even at ages over 80. However, a smaller group of individuals with
high hip fracrure incidence starting at age 70, could be identified.

Patticipants living in tesidential care institutions had a hip fracture risk similar to the
highest risk category. This is in agreement with previous findings of high hip fracture
incidence rates in nursing homes and institutions for residential care.”™" Both in
tesidential care and in the high risk category, the observed incidence was slightly lower in
men. This was probably due to the different age distribution, with men being, on average,
younger within each group.

The relative risk for hip fracture per S decreasc in BME observed in this study
confirms previous estimates. While for women this estimate was based on large studies,**
the estimate for men was only based on a small sample.. For the derivation of the one-
year cumulagdive risk function, we assumed that the relative risk was equal in men and
womet. Our present findings confirm the validity of this assumption.

The risk evaluation in this study was based on a one-year risk estimate and, although
follow-up amounted to almost 4 years, prediction on a longer term is important for
therapeutic decisions. Prediction over a longer ime period is, however, dependent on
assumptions about the BMD evoluton. I we assume linear decline, as we found in our
cross-sectional study, we can estimate long term risk by extrapolation of the current
BMD level on the nomogram. There are, however, indications for & more rapid BMD
decline at older ages,"“17 and, if so, future risk would be underestimated. Additionally, it is
unclear how well an individual BMD measurement correlates with bone density in the
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future, and long-tetin tisk prediction is dependent on assuming a high correlation.™

Follow-up studies over a longer period are needed to answer this question more
precisely.

Generalizability

The risk function was developed based on Dutch data, and its applicability in other
populations might be limited if cither the hip fracture incidence or the bone density
distribution were different. But, comparing Dutch hip fracture incidence data with recent
international data,”” they appeared remarkably similar to incidences in Sweden, Scotland
and Switzerdand and slightly lower than in US Caucasians. There have also been
indications that BMD distributions might be different in several European countries, but
those estimates were based on small samples.”* In this latge sample, however, the bone
density distribution was almost identical to that in US women,” after correction for
scanner type. ' This suggests that the application of the risk function is not limited to a
Dutch population, although additionat validation in other populations remains desirable.

Even while the number of hip fractures in men was small (23 fractutes), we believe this is
an important first attempt to validate risk estimates in a male population. We are not
aware of any comparable study where an a priori risk was validated in a follow-up design
in males, but especially here, additional validation remains necessary.

To facilitate the usability by users of other brands of densitometers, we have provided
converted equations in the appcndi\' while the converted nomograms are available from
the authors. These conversions, obviously, do not change the risk classification 1tself but
only affect the absolute levels of BMD, and the associated risk curves,

Potential lmitations

Although population based, there was self-selection in the participation to the study.
Even with the high response rates, this might cause selection bias towards more healthy
individuals. There might also be concetn about potestial misclassification. Since the cases
that were reported were well documented, this misclassification would most likely result
in an underreporting of fractures. Both phenomena would lead to a lower hip fracture
incidence than expected from Dutch overall hip fracture incidence rates. However, a
compatison of our results with national incidence rates, only indicates a slightly lower
incidence than expected: 110 hip fractures versus 132 expected. This is equivalent to 83
% (69 % - 100 %) of expected hip fractures, suggesting that those effects wete probably
small. It is, moreover, unlikely that this selection would influence the validity of the risk
funcdon.

BMD was not measured in some independently living participants because they did not
come to the study center, and this could, in theory, again lead to selection bias towards
more healthy individuals. When BMD was not measured for technical reasons, selecton
bias seems unlikely, and this applicd to the majority of patticipants. In any case, the
observed hip fracture rate in this group was very simitar to the overall incidence for the
same gender,
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The validatien was done in broad risk and age categories, which was necessary to acquite
enough follow-up time to obtain stable results. In figures 1 and 2 we have indicated one-
yeat risk levels up to 10 %, corresponding to the clinically relevant observations. In this
study, there where only 3 women exceeding this 10 % 1isk and 2 of them suffered a hip
fracture during follow-up. Although this would correspond to an incidence rate of
203/1000 pyrs (51-813), we believe this result should not be over-interpreted. We
analyzed the effect of age by 10-year age categorics, and although we are aware that the
baseline risk is very different within those categories, taking smaller age-categories would
have frustrated any validation effost.

For the original derivation of the risk functions we used the baseline BMD data from the
same reference group as where the tisk function was validated afterwards. Since the hip
fractutes in this studies were observed afterwards and prospectively, we do not perceive
this as a problem. An alternative would have been to use reference data from the
manufacturet, but since those data wete not based on Dutch data we preferred to use out
owil.

Finally, the risk function generated & one-year cumulative risk, while the outcome
measure of this study was incidence rates. With the expected and observed incidence
tates, the difference between those two measutes is neglipible,

CONCLUSION

We conclude that hip fracture rates can be predicted accurately, from age and BMD, in
both mer and women. In prevention programs, we need a tool for risk stratification of
the population. This follow-up study showed that our risk function is a valid instrument
for that purpose. The majority of hip fractures (61 out of 110) occurred either in the high
risk group or in the residential care group, even though these groups accounted for
bately 14 % of the study populaton, In addition, we found a similar relation of femoral
neck BMD with hip fracture in men and women,
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2.2 Hip fracture risk estimation in elderly men and women: validation in the Rotterdam Study

APPENDIX

Although both the derivation of the tisk function by age and femoral neck bone density,
and the reference data were described previously,” and are included in the previous
chapter we felt it necessary to include them here. Additionally, this opportunity was used
to expand the usability, by converting the risk functions developed from measurements
on a Lunar DPX-L machine to other brands of bone density equipment.

In the Rotterdam Study, we observed a linear decline of bone density with age in men
and women. The avetage bone density at all ages, measured with a Lunar DPX-L
densitometer, was given by:

BMD, . omen = LIZ1 284 — 000456 age
and
BA.JD“SHMrl = 108586—0.0031-age

BMD was normally distributed at all ages with an overall srandard deviation (SD) of
0.134 in women and 0.135 in men.

Using the conversion algotithms of Genant et al'? we converted these regression
formulas to:

BMD = o - pPxage

age
using the appropriate values from table 4.

Table 4: Risk function vaiues for lunar DPX-L, Hologic QDR-2000 and Norland XR26Mark i
denstiometers
Lunar DPX-L Haologic QDR 2000 Norland XR26 Mark II
Women  Men Women Men Weomen Men
o 1.121284  1.08586 0.9293393424  0.8%977896 | 1.040553924  1.00651146
B 0.00456 0.0031 0.00381216 0.0025916 000438216 0.0029791
s |oass  ou3s  |odowze  oiciss | 0125074 0426085

Using this conversion on the BMD data from women in our cohort, the relation of BMD
with age became almost identical to the NHANES III data.” Unfortunately, no such
widely accepted reference data are available for men.,

For the derivation of the risk function, we used Dutch nationwide hip fracture
registration to estimate the hip fracture incidence functon by age and gender, and
additionally, we used the assumption of a 2.6 relative risk per SD lower femotal neck
bone density. Under those assumptions,” the one-year cumulative risk is given by:

59107 .age”™ ea-fl v age-BAD
! = 26 o
pu;:e.u amen,BMD ( 1578541
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and

93-107" . qge™**! E:E‘"%i‘ﬂl
Pugementyp = 1578541 26

again using the appropriate values from table 4,

Figures 1 and 2, adapred for use with cither Hologic or Norland densitometers are added
at the end of this chaptes.
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2.3 HIP FRACTURE PREDICTION IN THE INDIVIDUAL

INTRODUCTION

The association of bone mineral density (BMD) with subsequent hip fractures has been
demonstrated in several studies, and in a meta-analysis the relative risk for women was
estimmated at 2.6 for 1 8D decrease in BMD measured at the femoral neck.' Previously,
we showed that, for groups of individuals, the hip fracture tisk can be estimated
accurately by age, gender, and BMD,? using the risk functions that we developed based
on Dutch data.’ We also showed that the same relative risk estimate can be used for
men,” and that men and women have the same risk for hip fractures at the same age and
BMD level.?

For general prevention purposes predictability of fractures for groups of individuals is
important. It is, however, less easy to predict which individual will sutfer a hip fracture in
the future.

Since it is part of the definition of osteoporosis, BMD can be used for the diagnosis of
osteoporosis, and as such it will give an indication of individual risk, but it is not
necessarily a good test to predict hip fractures in individuals, ie prognosis,’ The World
Health Organization defines osteoporosis as a bone mineral density (BMD) of 2.5
standard deviation (SD} below the mean for young adults. The number of SIYs from this
average for young adults is called a T-score.” BMD results can also be expressed as a Z-
score. A Z-score cotresponds to the number of SD from the age and gender specific
average.

In this chapter, we evaluate the performance of our risk functions as an individual
prognostic test for hip fractures within a large population based follow-up study, and
compare it ta the mere prediction by age and gender, and to the use of the conventional
T-scote and Z-score thresholds.

METHODS

For the tisk estimation we used the tisk functions for men and women that were
described previously,” and that yield a one-year hip fracture risk estimate based on
pender, BMD and age. The study was conducted within the Rotterdam Study, a
population based prospective cohott study of the occurrence and determinants of disease
and disability in the elderly.® For patticipants in whom BMD at the femoral neck was
measured at baseline (Lunar DPX-L densitometer), we calculated the one-year
cumulative risk according to the risk functions, as an individual and continuous risk
estimate. Those patticipants were subsequently followed-up for the oceurrence of hip
fractures during on average 3.8 years, Details of procedures and partial results have been
reported elsewhere (see also chapter 2.2).7

The petformance of the risk function as an individual prognostic test was assessed by
calculating the ROC area under the curve, and the sensitivity and specificity at various
visk thresholds, To evaluate the additional value of the BMD measurement, we compared
this with the performance of a test using just age and gender for risk prediction in the
same group of pardcipants. This was done by comparing the ROC area’s under the
curves, and by calculating the positive predictive value (PPV) at different risk thresholds.

Additionally, we compared sensitivity and specificity of the tisk score to the sensitivity
and specificity of a T-score = -2.5 and of a Z-score = -/, For the Z-scores, we used our
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previously published Dutch reference data;” and for the T-score we used the same
absolute value {0.675) in both men and women, based on Dutch reference data,” The
argument for choosing the same value for men was first proposed in chapter 1.1 and
further validared by ocur finding that hip fracture risk is similar in men and women at the
same age and BMD level.*

The ROC area under the curve and its precision was calculated using the ROCFIT
program.™ The precision is presented as 95 % confidence intervals (Cl).

RESULTS

Complete follow-up was achieved for 5305 participants (2227 men). In this group we
obsetved 54 hip fractures duting an average follow-up time of 3.8 years. Table 1 gives an
overview of the tisk estimates in [0-year age classes and the observed number of hip
fractures.?

Table 1: One-year risk estimalte af baseline by age and gender (number of observed hip fractures).

Women Men
Age <012 01-<1% > 1% Total <O0% 01-<1% 21% Total
< G0 472 (0) 74 (D) 546 (1) 371 {0) 15 (1) 3B6(1)
60-69 591 (1) 661 (1) 9O 1261 667() 365 (D 10 103303
70-79 85 (0) TIE() 141 (9)  962(20) 161(0) 478 (6) 29{0) 668(6)
>80 7(0) 148 () 154 (12) 309(16) 6 (0) 90 (1) 44 {4 140(5)
Total 1155 (1} 1619 (17) 304 (21 3078(39)  1205(1) 948 (10) 74 (D]  2227(15)

Sensitivity and specificity at various threshold values of the risk estimate, in men and
women, are shown in figures 1 and 2. Those figures show that, at a threshold risk
estimate of 0.5 % one-year risk, sensitivity and specificity are around 80 % in both men
and women.
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Figure I: Sensittvity and specificity af varions risk thresholds in wonven,
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Figure 2: Sensitivity and specificity af varions visk thresholds i e,
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The overall ROC area under the cirve for men and women combined was 0.86 (0.81 -
0.91). When BMD was excluded, using only age for risk prediction, the atea under the
curve decreased to 0.79 (0.73 - 0.85). For women the area under the curve was .85 (0.79
— 0.91) versus 0.81 (0.74 — 0.87) for age alone, and for men 0.87 (0.79-0.95) versus 0.74
0.60 - 0.88).

In another representation of the same data, we compared the PPV of both tests. When
no test is used, considering everybody at risk, the PPV is equal to the cumulative
incidence for the total population, In women, this prior probability of a hip fracture,
considering everybody at risk, was 1.3 %, while the sensitivity was obviously 100 %,

When we introduce testing, the aim is to increase this PPV while retaining acceptable
sensitivity. By increasing the risk threshold of the test, the sensitivity decreases. Bur, at
the same time the PPV increases. Figure 3 demonstrates this effect of changing the risk
threshold level on the PPV and the sensitivity in women. The solid curve represents the
risk function, including age and BMD, while the dotted curve shows what happens using
only age as a tisk indicator. On the graph we have indicated the cotresponding ages: the
area where the curves of both tests diverge, corresponds to the age of 75 years and older.

In men, the prior probability was 0.7 %. At all ages the probability of a hip fracture was
lower than in women of the same age. As shown in figure 4, also in men the curves
diverge in the area corresponding to the ages of 75 years and older, However, at ages
above 80, results became unreliable.
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Figure 3: Positive Predictive Valie and Sensitivity at varionr risk thresholds in women. The solid
autre Indicater the risk finetion including BMD and age, while the dotted line represents the use of only
age as risk indicator. The corresponding ages are shows on the graph.
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risk indicator. The corresponding ages are shown on the graph.
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2.3 Hip fracture prediction in the individual

Subsequently, we compared the sensitivity and specificity of the risk function with the
performance of using the conventional “I- and Z-scores, Figures 5 and 6 show the
threshold values used in women and men. They show that in women the use of the T-
scote or Z-score thresholds, yields the same absolute BMD value around the age of 70,
After that age, a T-score of —2.5 corresponds to a higher BMD value than a Z-score of —
1, and at later ages, a large proportion of women have BMD values lower than a T-score
of —2.5.

0,7 ST e A= = = = == e = -

0,6 —

—— Z~score =0

0,3 Z-score = -1

Femoral neck BMD

0,1 = = =T-score =-2,5

0 T I ! [ i I I

55 60 65 70 75 80 85 A 90
Figute 5: Absolute BMD (z/ o ') thresholds (Lanar DPX-L) in wonien, ge

e Fmgcore = 0

Z-score = -1

Femoral neck BMD
=
un

0,1 = = =T-score =-2,5

0 T T T T T T I

55 60 65 70 75 80 85 90
Age
Figure 6: Abm}’u‘fe BMD (3/ enf’) thresholds (Lanar DPX -L) in nren.

We compared the sensitivity and specificity of the risk score, as shown in figures T and 2,
to the petformance of the conventional T and Z-scores inn 10-year age classes. In figures
7 and 8 this is shown for women, and in figure 9 and 10 for men, These figures show
that both in men and in women, sensitivity and specificity of the use of BMD alone, not
taking into account age, is good at low ages, but much lower at higher ages. Specificity
temains acceptable at higher ages, but sensitivity drops to 50 % ot lower. In intetpreting
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these figures, it should also be remembered that the number of hip fractures at the ages
below 70, is extremely low.
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Figute 7: Sensitivity and specificity af vavions ages for T-score < -2.5 in women.
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Figure 8: Sensitivity and specificity at varions ages for Z-seore < -1 in women.
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DISCUSSION

Main results

The choice of an optimal threshold is a trade-off between the cost and effects of the
proposed intervention and the cost of missing a hip fracture, As a prognostic test, both
the sensitivity and specificity of our risk function, incorporating both BMD and age, were
around 80 % at a risk threshold level of 0.5 % one-year risk, regardless of age. The
conventional T- and Z-scores, including only BMD, performed satisfactorily at ages up
to 70, when the risk of hip fracture is trivial, both in men and women. At ages over 70,
however, when hip fractures really become a problem, their performance is bad.

The risk function also performed better than age on its own, as demonstrated by the
ROC area under the curve. A ROC arca under the curve, however, describes the overall
performance of a test at all thresholds, and does not provide information about the
petformance at specific thresholds. Our analysis showed that the better performance
suggested by the ROC area under the curve, was due to a better performance from age
75 onvward. In women this trend was stable, but in men the results became unreliable at
ages over 80, due to the small number of eldedy males, and therefore, the small number
of events.

Tmplications

Conventionally, the results of BMD measurements are expressed as T-scores ot Z-
scores. They give an indication of the relative BMD level of that person, but in fiacture
prevention, we really need a tool for estimating the fracture risk of an individual. The risk
functions that we evaluated in this study, appear to he a valid instrument for this, and the
nomograms we presented elsewhere,” can assist in a better interpretation of BMD
measurements taking age into account.

A threshold of 0.5 % annuat risk appeared in this study to be a potentially interesting
cutotf value, offering both high sensitivity and specificity, for the short term risk
estimaton. From the nomograms we can read that this risk thresholds corresponds to
the risk of a 77 year old women with average BMD, but also to a 70 year old women with
a 'T-score of ~2.5. Women with high BMD only reach this risk level at later ages.
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Our risk functions, and their performance were validated over a period of almost 4 years,
and for estimating the individual short term hip fracture risk, including the measvrement
of BMD was only superior to age alone after the age of 75, At ages under 60, a low BMD
had appeared to have both high sensitivity and specificity for predicting hip fractures, but
past that age the performance of the BMD thresholds alone dropped dramatically This
dees not necessarily mean that BMD measurement at those ages is useless in clinical
situations.

When we want to predict who will have a hip fracture when they will be older, we need
to assume that individuals with low BMD for their age and gender, will remain on that
samne reladve level in the future. Under this assumption, long term risk can be estimated
by extrapolating their future BMD level. But, currently, little is known about the long
terrn BMD evolution, since most studies of age related bone density decline are either
cross-sectional or have limited follow-up time, The few long term studies available
indicate indeed that the correlation of BMD measurements declines with time," In the
last part of this thesis, we will use modeling techniques to study the effects on the long-
tertn risk, of different assumptions about correlation of BMD measurements over time,

Conclusion

Absolute BMD thresholds have limited value when age is not included in the assessment
of hip fracture risk. The risk functions including age and BMD give mote clinically
relevant information than the commonly used T-scores and Z-scores. A threshold level
of 0.5 % one-year risk had, in this study, both a high sensitivity and specificity, and is
thesefore, potentially, an interesting and clinically relevant cutoff point. However,
confirmation and validation in other populations Is desirable.
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PART 3
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3.1 ESTIMATING LIFETIME RISK OF HIP FRACTURE IN
WOMEN

INTRODUCTION

To target prevention of hip fractures at those with the highest risk, it is important to be
able to predict hip fractures and to estimate the lifetime risk. The direct cause of a hip
fractute is mostly a fall, but their occurrence is closely associated with osteoporosis.!

Although it has been shown that bone mineral density (BMD) can be used for estitating
short term hip fracture risk, less is known about the long-term risk. Ideally, we would
like to have long-term data from follow-up studies to assess the long-term evolution of
BMI> and its predictive power for hip fracture incidence. Currently, we do not have
those data, and we would have to wait unacceptably long before we would obtain them.*
Modeling can, in those cases, be a solution, provided that there are reasonable
assumption that can be made.

In this chapter we describe two models that were developed to assess the lifetime risk of
hip fracture in the population at large at different ages, and at the conventional BMD
thresholds as defined by T-scores and Z-scores.

THE STRUCTURE OF THE MODELS

Two scparate models were used to estimate lifetime risk for hip fracture, The first model,
that will be referred to as the Yndividnal madel’ estimates the lifetime risk for a person with
a given age, gender and BMD. This model is a lifetable-based spreadsheet, where a start
age and a statt BMD are defined. Every year, the probability to die and the probability of
a hip fractuse are calculated. Only the oceurrence of first hip fractures is considered in
the analysis.

The second model, that will be referred to as the poprfation medel’ basically performs the
same analysis, whereby every year (or at other time intervals) the risk for a hip fracture or
death is calculated, but rather than describing age and BMD as fixed starting points, they
are entered as distributions. At the beginning of cach simulation a virtual person is
created with an age and BMID drawn from those distuibutions. Then this person is
followed through the model till he or she dies, At each time interval the model calculates
the age, BMD and subsequently the risk of events. From these risk distributions, either a
hip fracture, death or no event, are randomly drawn. After the death of a virtual person,
this is repeated for the next. The final results arc the averages from the whole simulation
run. Figure 1 graphically depicts the basic structure of both models.
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Figure 1: Basic siructnre of the wodels, On the left side, the input is defined as sither a fised age and
BMD (individual model} or as a distribution of age and BMD in the population model. On the vght
stde, the number of events, and the monient when they occur in time are connted,

During the simulation the virtual person ages, and future BMD is caleulated. , While the
calculation of future age is straightforward, estimating future BMD s less obvious, One
possibility is to use the cross-sectionally measured BMD decline observed in a population
and to apply this to the start BMD), assuming that the bone density at time 0 is petfectly
correlated with bone density at time t, assuming the same rates of bone loss in different
individuals. The few longitudinal studies that are available, however, show that this
correlation is less than 1, partly due to different rates of bone loss and partly due to
random error, >’
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3.1 Estimating lifetime risk of hip fracture in women

Assuming that the correlation coefficient p that is less than 1, the average BMD at time t,
. . . L ag
given the bascline BMD (x) at time t, is given by: BMD_ =, + p——{(x— l1;),
Oy
where |4, is the average BMD for the population at bascline age, o, the SD at baseline
age, and G, the SD at age+t. Assuming homoscedasticity, as found in the Rotterdam

study, this becotnes simply: BMD =, + p {x— ;). The standasd deviation of

avertge

BMD at time t is given by SD =0, 41— p*.

While testng the approptiateness of the bivariate normal model to desctibe the
uncertainty of future BMD, we observed important regression-to-the mean phenomena
when using low correlation cocfficients, and extremely low baseline BMD wvalues. Under
those circumstances (T-score < -3.5 at age 55 and p < 0.7) we even observed small
incteases of average BMD with age. Since this only happened under extreme
assumptions, we will limit the use of this model to more common BMD thresholds.

In the population model, a baseline BMDD is randomly assigned for every individual from
the distribution of BMD at that age. Then, based on the applied correlation coefficient
and the assigned baseline BMD, a BMD value at time t is drawn from the calculated
distribution. We assumed a lineat evolution of BMD from the baseline value to this new
value at time t. After time ¢, this linear decline is further extrapolated into the future,

In the individual mode} this distribution of future BMD was implemented in a similar
way, using @Risk software as a simulation add-in taol for the spreadsheet.”

PARAMETERS FOR THE MODZEIL

Stmunlation characteristics

In the individual model we caleulated the lifetime risk at different ages and for several
clinically relevant BMD thresholds. We did this first assuming perfect correlation and
then for correlation coefficients lower than 1.

To determine the lifetime risk at different ages for a population, we started with cohorts
of equal ages in all the simulations with the population model. Those virtual persons
were then assigned a BMD drawn from the bone density distibution at that age. To
achieve high precision of the lifetime risk estimate, the model was run on cohorts of
1.000.000 women, leading to extremcly small confidence intervals.,
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Baseline BMD and analysis thresholds

The input femoral neck BMD distribution at all ages was based on the distributions given
in chapter 2.1.” We also used these distributions to calculate Z-scotes at every age for the
simulations in the individual model. As thresholds in the individual model, we used
respectively a T-score = -2.5, and Z-scores equaling —1 and 0.

Average values for young adult women were obtained from a Dutch study, also using a
Lunar DPX-L densitometer." With those reference values, a T-score = - 2.5
corresponded to a BMD level of 0.675, This value was very similar to the threshold value
in the machine specific USA Reference population. ' In that population, a T'-score of -
2.5 corresponded to a BMD level of 0.681.

Hip fractnre visk

The risk functions based on age, gender, and femoral neck BMD are described in chapter
2.1.” 'These theoretical one-year risk functions were validated over a pertiod of almost 4
year in a large cohort from the Rotterdam Study as described in chapter 2.2, We
extrapolated those risk functions into the future, and we assumed them to remain valid
through life.

Mortality

Mortality was based on Dutch cross-sectional mortality data for 19937, Mortality was
modeled as a continuous function with the SPSS curved fitting function."” Best fitting
was an exponential function, and the one year mortality risk in women by age (/1000)

was given by: d,, = 0.008 = ")

ge
Estimating fiture BMD

In a first analysis, we assumed perfect correlation of baseline BMD with BMD later in
life. To determine future BMD, we used a linear decline based on the cross-sectionally
measured BMD decline with age described in chapter 2.1.° Subsequently we tested the
effect of non-perfect correlation of BMD measurements using correlation coefficients
lower than 1. We changed the correlaton of bascline BMD with BMD 20 years later
between 0.6 and | corresponding to the orders of magnitude of previous cstimates of
this correlation.” The rate of decline of BMD was assumed to be linear over those 20
years and the same rate of decline was further extrapolated into the future.
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3.1 Estimating lifetime risk of hip fracture in women

RESULTS

The individual model

The calculated lifetime risk of hip fracture for women at ditferent ages and with vatious
BMID thresholds, assuming perfect correlation of BMD measutements is shown in figure
2. It was remarkably similar at all ages when Z-scores were used: at every age the lifetime
risk was about 11% in women with average BMD, and about 25% in women with BMD
at — 15D for that age.

However, when T-scores were used as thresholds, the lifetime risk was higher at younger
ages for the same T-score, reflecting the fact that a T-score is a fixed cutoff level of
BMD. The BMD thresholds correspond to the threshold values used in chapter 2.3 and
they are discussed in mote detail there. As shown in figure 5 of that chapter, a T-score =
-2.5 and & Z-score = -1 become equal around the age of 70 in women. Therefore, risk
estimates based on both scores will cross at that age. Lifetime risk before this age was
higher when the T-score threshold was used, afterwards the opposite happened.

T-score =-2,5
mee w F-sCOTE = -1
—8— Average risk
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Figure 2: Life fime risk for bip fractiire for women at different ages assuming perfect corvelation, The
estimates for BMIY thresholds were obtained with the individual model, the average visk was estimated

with the peplation niodel.
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"The previous calculaton assumed perfeet correlation between BMD measured at one
moment in life, and bone density measured later. Figure 3 shows the effect on the
lifetime risk at age 55 of less than perfect correlation, assuming correlation coefficients p
ranging from 1 to 0.6. When a correlation coefficient lower than one was assumed, we
found that the lifetime risk calculated previously, was overestimated in wommen with low
baseline BMD,

When the "T-scote was -2.5, the estimated lifetime risk at age 55, that was 33 % assuming
perfect correlation went down to 24 % when correlation was 0.6. With a Z-score = —1 at
age 55, the estimated lifetime risk declined from 24 % to 20 %.

In women with average and high bascline BMD, however, the previously estimated
fifctime risk assuming perfect correlation, appeared underestimated. For women with
average BMD, esdmated lifetime risk went up from 10.9 % to 14.3 %.

_ T-score = -2,5
s = =Z-score = -1
0% \ Average risk
\: Z-score =0
Sl o e
20% ——
15% S . -
10% e
5%
0% | | |
1 0.8 0,6

Correlation coefficient

Figure 3: Lifetime risk at age 55 for different baseline levels of BMD and different levels of
correlation. The estizrates for BMD thresholds were obiained with the individual wodel, the arerage risk
was estimeded with the poprlation medel.
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3.1 Hstimating lifetime risk of hip fracture in women

Figure 4 shows the same analysis for lifetime risk estimated at age 70, We observed
sitnilar effects, but with a smaller mapnitude, since there is less uncettainty about future
BMD when BMD is measured later in life.

As mentioned eatlier, Z-score = -1 and T-score = -2.5 correspond to almost the same
absolute BMDD level at age 70, Therefore, lifetime risk estimates ate very close at this age.
The estimate for Z-score, assuming perfect correlation is 24,8 % while the estimate for
T-score is 23.8 %. When correlation coefficient 0.6 is assumed these esimates go down
to 21.6 % and 21.5 % respectively.

1n women with average and high baseline BMD at age 70, the lifetime risk was again
underestitnated, but less pronounced than at age 55. For women with average BMD,
estimated lifedime risk went up from 11.2 % to 12.4 %.

T-score = -2,5

30% — e T ogcOrE = -1
=& Average risk

25% = « = = Z-score =0

20%

15%

® & g

10% =

5%

0% ' ' '

1 0,8 0,6

Correlation coefficient

Figure 4: Lifetime rvisk at age 70 for differcut baselive levels of BMIY and diffevent levels of
corvelation. The estimates for BMD thresholds were ohtained with the individsal nrodel, the arerage risk
was estimaled with the popnlation nodel.
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The population wodel

"The population model estimates the lifetime hip fracture risk for a population with a
BMD distribution corresponding to the distribution of the Dutch population at that age.
The lifetime risk at different ages, and assuming perfect correlation of BMD
measurements over time is given in fipure 2 as the average risk curve. At age 55 the
average lifetime hip fracture risk is estimated at 13.3 %, slightly higher then the risk for
an individual with average BMD, due to the combination of an exponential increase of
tisk with lower BMD, together with a normal distribution of this BMD, This lifetime risk
remained stable when estimated at later ages. This is due to the exponential increase of
both the incidence of hip fractures and death, as competing risks. Only at ages over 80
the lifetime risk decreases slighdy.

The average lifetime hip fracture risk at ages 55 and 70, but assuming less than perfect
correlation is included in figures 3 and 4 as the average sisk curve. At the age of 55, the
average lifetime risk, previously estimated at 13.3 %, went slightly up to 14.4 % as shown
in figure 3. This phenomenon was due to the exponental increase of risk with lower
BMD. Therefore, the effect on lifetime risk in people with high baseline BMD loosing
more bone than expected outweighed the lower than expected risk in people with a low
BMD at bascline, but loosing less than expected.

When we estimate lifetitne risk at age 70, we observe similar phenomena, but smaller in
magnitude. The population lifetime risk assuming perfect correlation was estimated at
13.4 % and it remained at the same level with decreasing correlation.

DISCUSSION
Main findings

Assuming perfect correlation of BMD now and in the future, the average lifetime hip
fracturc risk at age 55 was estimated at 13.3 %, a risk comparable to previous estimates of
the lifetime risk by other groups.wm Moreover, this lifetdime risk remained stable
regardless of age. Only at ages over 80 this lfetime tisk decreased slightly. Also when Z-
scores are used to evaluate BMD, the lifetime risk remained similar at all ages. The reason
tor both phenomena is that, although hip fracture risk increases exponendally with age,
this phenomenon is matched by a similar exponential increase of mortality, and the rato
of hip fracture risk and mortality risk is relatively stable through aging,

A T-score on the other hand, is a fixed threshold value, and therefore the lifetime risk is
much higher when T-score is low at a younger age. The consequences of this and the
discussion about whether a T-score or a Z score is to be preferred for screening purposes
will further be addressed in the chapter 3.2. At ages atound 70, both scores have the
same absolute meaning in this population and with the reference values used.

When non-petfect correlation of BMD over time was assumed, we conclude that the
lifetime risk in women labeled at high risk was overestimated. On the contrary, in women
considered at low risk, the lifetitne risk was underestimated. This is most prominent
when screening occurred at younger ages. At age 70 this phenomenon is stilf present, but
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3.1 Estimating lifetime risk of hip fracture in women

much less pronounced, This, again, might have important consequences, since it means
that the performance of screening at an early age will be overestimated when this
declining cotrelation is not considered.

The lifetime risk at age 55 for the population at large was found to be 13.3 % assuming
perfect cotrelation, But assuming a lower correlation, this lifetime risk increased shightly.
Apparently, the underestimated risk in women at low risk outbalances the overestdmated
risk in women at high risk.

Strengths and limitations

One of the main limitations of any modeling study lies in its assumptions. The reladon of
hip fractures with age and bone density was derived theoretically, but validated in a 4-
year follow-up study, But, this distribution of hone density related to age was only
observed in a cross-sectional way. This might lead to observation biases. Ideally, we
would prefer long term longitudinal bone density data, In the future, studies such as the
Retterdam Study are expected to provide those.

The use of a correlation cocfficient to express the uncertainty about the fong-term
evolution of BMD has not been validated and might indeed present some problems at
extreme BMIDD values, as indicated in the methods section. Whether this is caused by a
bias in observational cross-scctional studies caused by surplus mortality in persons with
lower BMD or whether the bivariate normal modet is not completely suited for
desctibing the relation of BMD density measuremnents remains to be investigated in long-
termn follow-up studies of bone density. However, with the BMD thresholds used here
this problem appears to be minor compared to the uncertainty surrounding the
cotrelation coefficient itself.

Conclusions

We estimated lifetime risk of hip fracture at several ages. At all ages this risk is around
13.3 %, and it only declines slightly after the age of 80. But, when taking into account the
uncertainty about future rates of bone loss, this lifetime risk estimates appears slightly
underestimated. When using specific BMD thresholds for risk estimation, the lifetime
risk is overestimated at fow BMD values, but undetestimated at average or high BMD.
Measuring BMD later in life partly circumvents these problems, since the uncertainty
about future BMD diminishes.
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3.2 MODELING INTERVENTIONS

INTRODUCTION

In the previcus chaptess we have developed models to estimate short-term and long-
term hip fracture risk by age and bone mineral density. The aim of interventions on
osteoporosis is to reduce this fracture risk. In this chapter, we will use the previously
described models to study the dynamics of interventions on osteoporosis and fracture
prevention, with a special focus on their potential cost-effectiveness. Desipning a cost-
effective intervention means that we not only need to select the most suited treatment
but also the right target population and the age at which intervention result is optimal,

Many treatments have been proposed for osteoporosis, ranging from gencral healthy
living recommendations such as diet, exercise and smoking cessation, over the use of
pharmaceutical drugs such as caleium or vitamin I supplementation, hormone
replacement therapy (HR'T), hisphosphonates, up to the use of hip protectors. Bug, in the
most optimistic scenarios, the hip fracture risk reduction is not larger than 50 %, and
most often it is smaller.' For most interventions it is also unclear what happens with the
effect after treatment cessation, although it is assumed that there will be an offset of
effect in the following years, and in some cases such as HR'T it is likely that lifelong
treatment is needed.’

In a perfect world, we would like to possess long-term data from clinical ttials to assess
the long-term effectiveness of different interventions. If we want to study the effect of
catly intervention on long-term hip fracture risk there are, however, long delays between
the start of the intervention and the occurrence of the event, so unacceptably long
follow-up would be needed to reach conclusions.” Modeling allows for the simulation of
reality but should be used with caution, It is important that the assumptions used are
reasonable and supported by the best available evidence.

Recently there has been some debate about whether osteoporosis should be targeted to
the whole population, a public health approach, rather than to high risk groups.™
Attractive as it may seem at first, it seems unlikely that this type of intervention, unless
very effective and inexpensive, could ever be cost-cffective.” Therefose, it can be
expected that the focus of osteoporosis will, at least for a while, be on a hiph-risk
approach where individuals at high risk will need to be identified.

An important predictor of hip fracture risk is bone mineral density (BMD), leading the

WHO to define osteoporosis as a T-score < -2.5.” But, the short- and long-term hip

fracture risk is very much dependent upon the age at which this ‘T-score is reached as we

showed in part 2 of this thesis, ™ and in chapter 3.1, Nevertheless, this threshold has

evolved into an intervention threshold in many guidelines around the world, regardless of
212

age.

In this chapter we will compare the effect of a population approach without screening
with a screening approach. We will also assess the effect of age at intervention on
effectiveness and the potential cose-effectiveness of hip fracture prevention in women.
As an example of a screening approach we will use the conventional bone density
thresholds. Rather than focus on specific therapies, we choose a genetic approach where
we compare theoretical interventions leading to a preset risk reduction, without
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specifying whether this was obtained through a pharmaceutical or any other interveation.
Additionally we will address the uncertainties about the duration of effect after treatment
cessation. In doing so, we will try to elarify the dynamics of intervention scenarios in hip
fracture prevention,

METHODS

The mathematical modet used for the intervention modeling was a purpose written
madel described in chapter 3.1 as the population model’. We used this model to estimate
the lifetime risk for hip fracture at different ages with changing assumptions about the
correlation between BMD measured at one moment and BMD measured 20 years later,

In this chapter, we will use the same model to assess the effect of theoretical preventive
interventions in various situations of screening and non-screening and at different ages.
The model was fitted with exactly the same parameters as described in chapter 3.1, Each
of the intervention scenarios was compared with the baseline scenario of no intervention.

Baseline scenarios

In the baseline scenarios we cstmated the lifetime risk for hip fracture in a cohott of 55-
year-old women that were followed up for a lifetime without any intervention, The
results for these baseline scenarios were deseribed in chapter 3.1.

Tnterventions
We assumed two theoretical interventions:
Intervention i: lifelong treatment having lifelong full effect

Intervention 2t a 5-year treatment period with full effect, followed by a linear decline of
the effect over a period of 5 year after treatment cessation.

For each of these two interventions we assumed 2 different effectiveness assumptions, so
that each intervention lead to a hip fracture tisk reduction of either 20% or 50% during
the period of its full effect. Those levels of risk reductions were arbitrary, but chosen to
correspond to clinically relevant risk reductions. With risk reduction lower than 20 %,
intervention would probably not be envisaged, unless the treatment is both save and
inexpensive. A risk reduction of 50% corresponds to the highest estimates to date of
intervention effectivencss, '

The interventions were all assumed to have an immediate effect. Using this approach also
implics that we assume that intervention effectiveness was equal at all ages.

Turgeting the interventions

We modeled the effect of timing by starting the theoretical intervention at different ages.
For each of these ages we cither applied the intervention directly to everybody without
screening, or only to a high-risk group.
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3.2 Modeling intetventions

As examples of risk thresholds we used either a T-score < -2.5 or a Z-score < -1, The Z-
score was calculated from Dutch age specific BMD distribution data.” Average values for
young adult women wete obtained {rom a Dutch study. As described previously in this
thesis, a T-score of - 2,5 corresponded to a BMD level of 0.675 measured on a Lunar
DPX-I. densitometer,”

Tt was assumed that screening was followed immediately by treatment when approptiate.
Since we assessed the effect of preventive strategies on the occurrence of a first hip
fracture, we did not allow the model to start intervention when a hip fracture had
occurred previously.

Correlativon of BMD over time

For each of the interventions, we assessed the effect of the uncertainty of future BMD
evolution, given 2 baseline value, First the interventions will be analyzed assuming petfect
correlation. Next, we will assess the effect on treatment effectiveness and cost-
cffectiveness assuming a lower correlation, as described in chapter 3.1, For the purpose
of this analysis we will present the results for a cotrelaton cocfficient p = 0.6.

Nupber of treatment years

In the lifelong treatment scenarios, treatment years were counted as the number of years
until the occutrence of either death or a hip fracture, When 5 year of treatment was
assumed, this was counted as 5 years unless either death or a hip fracture oceurred
before,

Analysis

"T'o achieve high precision for the bascline scenarios (no intervention with either perfect
correlation ot with p = 0.6}, these were run on cohorts of 5.000.000 women, leading to
extremely small confidence intervals (CI) for the parameters of interest. The intervention
scenatios wete run on cohorts of 250.000 women, It was felt that when, after this
number of simulatons, results did not become precise and statistically different from no
effect, they were probably irrelevant anyway. When the effect is not statisdeally different
from no effect after 250.000 simulations, it will not be shown in the tables. When the
lower limit of the 95 % CI was lower than half the point estimate or the upper limit over
double the point estimate this will be indicated in the tables.

Presentation of the results

The main results will be presented as proportion of first hip fractures avoided and
treatment years per hip fracture avoided. Additionally, we will describe the nuinber
needed to screen to avold one hip fracture, as a measure of the screening burden,

First we will present the results for both interventions assuming perfect correlation of
BMD over time, Subscquently, we will present the results for the same intervention, now

assuming that the correlation of BMD over 20 years time is only 0.6,

In a sensitivity analysis the original 5-year offset of treatiment period was modified to 0
and to 10 year linear decline of the protective effect after treatment cessation.
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RESULTS

1. Baseline scenarios (o inlervention)

In the baseline scenario we estimated the lifetime risk for a cohott of 55 year old wotnen
at 13.3%, assuming a BMD distribution equal to the Dutch population of that age, in the
absence of intervention, and assuming the same linear BMD decline for every participant,
When lower correlation coefficients wese assumed for these rates of loss, this lifetime
tisk estimate increased slightly, o 14.4 % as was shown previously in chapter 3,1,
Therefore, in each of the intervention scenarios, the intervention was compared to what
would have happened without intervention with the same correlation coefficient
assumption. Full results of the baseline scenarios can he found in chapter 3.1.

2. Tutervention assuming perfect correlation

Intervention 1: lifelong treatment

In the most optitnistic scenatio, we assumed lifclong treatment and lifelong effectiveness,
petfect correlation of BMD over time and a 50 % risk reduction. With the no-screening
approach, when the total cohort would receive this intervention at baseline (age 55), 44
% of first hip fractures would be avoided in this population, compared to the situaiion
without intervention. The intervention with a 20 % risk reduction resulted in a 16 %
reducton in hip fractures. When intervention occurred at a later age, the proportion of
hip fractures avoided declined, as can be expected with lifelong effectiveness. This is
illustrated in figure 1.

When screening was used, the proportion of hip fractures avoided in the population
declined markedly, but the effect of age became more complicated. For the Z-score
threshold, the proposdon hip fractures avoided declined with age, but with the T-score
threshold it first increased until the age of 75, with a subsequent decline. When
intervention occurred at older ages, the difference between the sereening and the-no
screening strategies became smaller, In this interventdon simulation, and in all other
simulation in this chapter, the curves for Z-scores and T-scores come together at the age
of 70 since, as we showed in chapter 2.3, both scores represent the same absolute BMD
level at that age.

Since intervention 1 involves lifelong treatment, treating at age 55 involved many
treatment years. With 50 % risk reducton, treating everybody at age 55 meant that we
needed almost 500 treatment-years to prevent one hip fracture, For the 20 % risk
reduction this went up to almost 1300 treatment yearts, Treating at later ages, or
introducing screening reduced the number of treatment years to aveid a hip fracture.
These effects are shown in figure 2, The full results for both outcome measures are listed
in table 1.

The number needed to screen to avoid one hip fracture (50 % risk reduction) decreased
for the F-score from 100 at age 55 to 40 at age 85. For the Z-score it was around 50 at
age 55 and remained at that level. After the age of 70 is slowly increased to about 70 at
the age of 85.
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Figure 1: Proportion of hip fractnres prevented in the papulation with intervention 1, assuming 50 %
risk reduction (lifelong ireatment and perfect corvelation of bone deisity).
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Figure 2: Nawber of freatment years needed to avold one bip fracture with intervention 1, assuming 50
% risk reduction (fifelong ireatment and perfect corvelation of bone densiy).
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Table 1. Results for tntervention 1 by level of risk rednetion and age (lifelong treatment and perfect
correlation of bone density).

Treatment years to avoid one | Proportion of hip fractures avoided
hip fracture
Agel 55 60 65 70 75 BO 85 55 60 65 70 75 80 85
no screening
50%{ 467 397 318 257 199 152 115] 44% 42% 41% 37% 32% 24% 15%
20%¢ 1292 995 885 673 512 500 371 16%% 7% 15% 14% 12% 7% 5%
T-score<-2.5
50%| 196 165 139 113 92 75 53 7% 10% 12% 14% 4% 12% 9%
20%| 436 464 340 483 264 222 163 3% 4% 5% 3% 5% 4% 3%
Zescore<-1
50%F 225 174 146 107 85 63 41| 4% 15% 14% (4% 1t% 8% 5%
20%| 558 619 405 327 229 209 1444 6% 4% 5% 4% 4% 2% 1%

* upper 95 % CI limit exceeds double of this estimate

Table 2, Resulis for intervention | by level of visk veduction and age (ifelong freatment and assuming a
bone density correlation of 0.6).

Treatment years to avoid one hip Proportion of hip fractures avoided
fracture

Age 5 60 65 70 75 80 8} 55 60 65 0 75 80 85
no sereening
50%| 462 385 3210 252 186 150 11d4] 41% 40% 38% 35% 32% 23% 14%
20%) 1282 1088 781 670 507 428 06| i5% 14% 15% 13% 12% 8% 5%
T-score<-2.5
50% 2501 189 159 117 116 72 66] 5% 7% 8% 11% 1t% 13% 7%
20%| 473 425 477 307 310 234 135] 3% 3% 3% 4% 4% 4% 4%
Z-scote<-]
50%) 295 216 152 100 81 63 45f 10% 10% [0% 12% (1% 9% 6%
20%| 600 440 382 695 360 156 98] 5% 5% 4% 2% 3% 4% 3%
* upper 95 % CI limit exceeds double of this estimate
- lower 95 % CI limit is lower than half this estimate

Intervention 2: 5-year treatment petiod

When using intervention 2, assuming a 5-year treatment period during which full effect is
obtained, followed by a linear decline of the effect over a petiod of 5 year after treatment
cessation, the results changed dramatically,

Figure 3 shows the proportion of hip fractures prevented in the population with a 50 %
effective intervention. Treating the whole cohort at age 55 would result in the prevention
of only 2 % of the hip fractures in that population. Applying this same intervention at
later ages increased the effectiveness of this intervention, and the optimal age for
effectiveness was around 80 years of age, when 12 % of the hip fractures in the
population could be prevented.

In this scenario, we assumed treatment during only 5 years, Therefore, the total number
of treatment years was obviously much lower. Figure 4 shows the years needed to treat to
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avoid one hip fracture. As in the intervention 1, the intervention is most cost-effective in
terms of treatment years pet hip fracture prevented at later ages, but this effect is much
more pronounced than in the previous scenario. The full results for both outcome

measures are listed in table 3,

The number needed to screen to avoid one hip fracture (50 % risk reduction) decreased
only below 250 at the age of 70 for both scores. From there on it quickly decreased with

age, artiving at 70 for the T-score and at 100 for the Z-score at age 85,
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Figure 3: Proportion of hip fractures privented in the papnlation with intervention 2, assuming 50 %

105k reduction (5-year freatment and perfect corvelation of bawe density).
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Figure 4: Nuwber of treatwient years needed to avoid one hip fracture with intervention 2, assuming 50

% risk reduction (3-year freatment and perfect correlation of bone density).
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Table 3. Results for intervention 2 by level of vivk rediction and age (5-year treatment and petfect
corvelation of bone density).

Treatment years to avoid one hip| Proportion of hip fractures avoided
fracture

Age 55 60 65 70 75 80 85 55 GO 65 70 75 80 85
no screening

50%| 2050+ 1266 575 344 231 151 96| 2% 3% 6% 9% 11% 12% 11%

20% 2256 1055 767 450 235 % 3% 3% 4% 5%
T-score<-2.5

50% 380 229 177 106 75 59 1% 2% 3% 5% 6% 5%

20% 500 278 196 129 2% 2% 2%
Z-score<-1

50% 497+ 233 167 99 63 38 1% 2% 3% 4% 4% I%

20% 200+ 189 204 98 2% 2% 1% 1%

* upper 95 % CI limit exceeds double of this estimate
- lower 95 % CI limit is lower than half this estimate

Table 4. Results for intervention 2 by level of visk rediction and age (5 year treatment and asstming a
bone density correlation of 0.6).

Treatment years to avoid one hip Proportion of hip fractures avorded
feactuse

Agel 55 60 65 70 75 80 85 55 G0 05 70 75 80 85
o screcning

50%| 2045+ 1373 884 381 237 134 98] 2% 2% 4% 7% 0% 13% 10%

20% 1877 752 505 418 269 2% 4% 5% 4% 4%
T-score<-2.5

50%% 504 198+ 152 181 59 54 1% 2% 3% 3% 8% %

20% 2507 294+ 102 121 2% 2% 5% 3%
Z-score<-1

50% 422+ 298 181 97 67 37 1% 1% 2% 4% 4% 4%

20% Ad4r 1977 128 62 1% 2% 2% 3%

* upper 95 % CI limit exceeds double of this estimate
- lower 95 % CI limit is Jower than half this estimate

3. Interventions assuming a lower correlation coefficient for future BMD evefution (p = 0.6)

With the population approach (no-screening), the differences with the baseline scenarios
were negligible and within the margins of variation, as could be expected. The
effectiveness of the screening approaches, however, decreased, notably for early post-
menopausal interventions. At older ages, this eftect became smaller, Thercfore, this
effect is only observed in intervention 1, were the efficiency of the screening approach
was lower up to the age of 70, In intervention 2, the efficiency of catly post-menopausal
interventions was low anyhow, so differences were obscured. The results for both
scenardos for a correlation coefficient of 0.6 are shown in tables 2 and 4.

For intervention 1, the number needed to screen to avoid one hip fracture (50 % risk
reduction) decreased for the T-score from 130 at age 55 to 40 at ages 80 and 85. For the

98



3.2 Modeling interventions

Z-score it was around 70 at age 55 and decreased to 50 at the age 70. After the age of 75
is slowly increased to about 60 at the age of 85. For intervention 2, the numbers only
decreased below 250 after the age of 70 and its further pattern was similar to that of
intervention 2 assuming perfect correlation.

4. Sensitivily analysis assuming different offset of treatment peviods in intervention 2

For intervention 2, we assumed that after the 5-year treatment period, the protective
effect gradually declined over a petiod of the 5 following years (the offset of treatment
period). To assess the importance of this assumption, we changed in a sensitivity analysis
this baseline scenatio to an offset of treatment period of 0 and 10 years.

When we increased the offset of treatment period to 10 years, the age of optimal
effectiveness was slightly younger than in the baseline scenatio (between 75 and 80) and
more hip fractures were prevented. Similatly, assuming a 10-year offset of treatment
period decreased the number of treatment years nceded to avoid one hip fracture at
every age. When imimediate loss of effect was assumed the opposite happened. The
effect on the proportion of hip fractures prevented in the population and on years to
treat to prevent one hip fracture is illustrated in figures 5 and 6 for the scenario of the
population approach (no-sereening), 50 % risk reduction and petfect correlation of hone
deosity over time.

20%
-------- Offset = 0 years
g Baseline scenario
g 15% 7 ——— Offset = 10 years \
%
—
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g 10% -
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Figure 5; Effect of changing fhe offvet of treatment effect on the proportion of hip fractures prevented in
the poputation with infervention 2, assuming 50 Yo visk reduction and withont screening (5-year
treatment and perfect corvelation of bone density).
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Fipure 6: Efject of changing the offtef of treatment effect on the nnniber of freatment years needed to
atold one hip fracture with infervention 2, assuming 50 Y wisk veduction and withont screening (5-year
treatment and perfect corvelation of boue density).

DISCUSSION

Main findings

In this modeling study, we concluded that in a population approach and in the most
optimistic scenario of lifelong effectiveness {intervendon 1) and 50 % rsk reduction, 44
% of hip fractures could be avoided by applying this intervention to everybody at the age
of 55, This means that in some people hip fractures would indeed be prevented eardy on
by the infrervention, but occurred later in life, However, with 500 treatment years to avoid
one hip fracture this would probably only be an option for an intervention that is both
very effective and inexpensive, Applying this same intervention at later ages improved
the cost-effectiveness balance, as expressed by treatment years needed to prevent one hip
fracture. At the age of 70, only 250 treatment years would be needed to avoid one hip
fracture, while we would still be able to avoid 35 % of hip fractures.

In a screening scenario, the effectiveness (number of hip fractures avoided) was better
for the Z-score threshold approach befote the age of 70 and better for the T-score
threshold above that age, reflecting the fact that the more people ate selected the more
hip fractures can be avoided. The number of treatment years to avoid one hip fracture
was much lower in the screening than in the population approach, but cost-effectiveness
differences between both screening approaches were slight. However, the cost-
effectiveness was again much better when treating at later ages.
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With intervention 2, assurning a more tealistic scenario of treatment duting 5 years,
followed by a gradual decline of etfect during the next 5 years, effectiveness of
intervention increased with age reaching an optimum around the age of 80, both in the
population and in the screening approach. Again, cost-effectiveness was much better in
the screening than in the population approach and improved with age.

In both interventions the cost-cffectiveness difterence between the screening and the
population approach became relatively small at ages over 80. When screening would be
an important cost, or unfeasible, the population approach might become the best
alternative for women over 80, depending upon the burden of the proposed intervention.

From the sensitivity analysis, changing the offset of treattnent assumptions, it became
clear that these are important parameters. When residual effect would last for 10 years
after treatment cessation, more hip fractures would be prevented by intervention at a
younger age, and the cost-effectiveness batance would improve. ‘The opposite occurred
when effect stopped immediately after treatment cessation,

When we introduced the assumption that BMD cvolution over time was not perfectly
predictable, the effectiveness and cost-effectiveness of the population approach were not
affected, but it did negatively influence the effectiveness and cost-effectiveness of the
screening scenatios at younger ages, Past the age of 70, however, the effect of this
assumption became negligible. If we intend lifelong treatment starting at a peri-
menopausal age, this assumption has important consequences. If, however, we propose a
5-yeat treatment similar to intervention 2 starting after the age of 70, the effect becomes
unimportant.

The number needed to screen to avoid one hip fracture vatied between 50 and 100
shottly after menopause in intervention I, a lifelong treatment that could cotrespond to
lifelong HR'Y. However, when short-term treatment is what we have in mind, the
number needed to screen stayed well above 250 before the age of 70.

Strengths and linitations

As indicated before, the tnain limitation of any modeling study lies in its assumptions. It
is important to undetline that the interventions that were modeled here were theoretical.
Rather than focussing on specific therapies, we choose a generie approach where we
compated theotetical interventions leading to a preset risk reduction, without specifying
whether this was obtained through a pharmaceutical or through any other treatment, We
tested these interventions at various ages and in screening and non-screening conditions
thereby implicitly assuming that intervention were equally effective at all ages. This is
probably not true for all types of interventions. However, it is plausible that different
interventions could be conceived at different ages, such as HR'T' early postmenopausal,
specific bone resorption inhibitors later on, and hip protectors at old age.

Ultimately, this study was intended to show the dynamics of intervention in a cohort of
womer. Therefore, effectiveness and cost-effectiveness were expressed as proportion of
hip fractures avoided and treatment years needed to avoid a hip fracture. In a real cost-
effectiveness analysis we would need to discount both costs and effects. However, this
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would only help to reinforce the conclusion that intervention should be postponed until
older ages.

Ceiclnsions

In modeling the dynamics of osteoporosis interventions, we observed that lifefong
treatment of the entire population starting at an early post-menopausal age with a
theoretical intervention with 50 % risk reduction for hip fractures, and assuming lifelong
effectiveness, would prevent 44 % of first hip fractures in women. Apart from being
unrealistic, however, this intervention would also be extremely expensive. Testing more
realistc scenarios with a shorter treatment period and declining effect, it became evident
that early postmenopausal intervention is both less effective and especially less cost-
effecdve in tenns of years needed to treat to prevent a hip fracture. From ages 70
onwards, howevet, the effectiveness and cost-effectiveness of such interventions
markedly improved for persons at high risk After the age of 80, a population approach,
treating everybody with an effective intervention and without screening, might become
cost-effective.
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GENERAL DISCUSSION

Since the number of elderly is increasing and the elderly are becoming older, there is
growing attention for the prevention of those diseases that typically affect elderly people,
‘There is a need for the definition of not only effective, but alse cost-effective strategies
fot the prevention of those diseases and notably for osteoporosis, as indicated by various
organizations within the Dutch healthcare (CBO, NHG, Gezondheidsraad, Ministry of
Health)."? However, there is a variety of options that have not yet been properly assessed
regarding their associated costs and benefits,

We showed that osteoporosis and fractures are an important burden to society. OF the
fractures related to osteoporosis, the hip fractures ate the most important public health
problem. They invalidate patients physically and psychologically and they induce high
costs, We estimated the yearly cost of osteoporotic fractures in the Nethetlands at € 200
miltion, and this cost was for 85 % related to hip fractures. This thesis therefore focuses
on the prediction and prevention of hip fractures. A study conducted in the United States
attributed a larger propottion of the total cost to fractures other than the hip, * but this
study considered a large proportion of all fractures as osteoporosis related, while we only
included vertebral, wrist an hip fracturcs. However, even in this US study, the cost of
fractures was mainly detesmined by hip fractures.

Since hip fractures are telated to important direct medical cost and excess mortality, the
prevention of hip fractures would probably avoid those. The yearly number of hip
fractures in this country is 1ising and based solely on the demographic evolution (CBS),
we predicted that, without intervention, the number of hip fractures will double by the
year 2040, One might even expect a sharper increase when we take into account the fact
that the incidence of hip fractures, corrected for age, increased significantly in the
Netherlands during the last 20 years.

Hip fractures in the Netherlands aimost always lead to a hospitalization, and the average
length of stay was 26 days in 1993. This appears to be too long, and we concluded that
the most direct way for cost reduction was to accelerate the discharge from hospital by
cither providing adequate facilities at home or by making the transfer to a nursing home
casiet.

Compiling numbers and costs from national registration gives a good overview of the
total medical consumption after a fracture has occurred. It is, however, also important to
know the real incremental cost in fracture patients. Therefore, we compared cost with
and without a fracture. In the follow-up phase of the Rotterdam Study we did this for hip
and vertebral fractures, using a nested case-cohort design. This pilot study confinmed the
high cost of a hip fractute (around € 10.000 during the first year). For vertebral fractures,
on the contrary, we found no evidence of important acute care cost but we observed a
yeatly incremental cost of € 1.000. Part of this incremental cost, however, was pre-
existing and might therefore be caused by co-morbidity. The additional incremental cost
was mainly caused by the use of pharmaceutical drugs. It is therefore unlikely that
prevention of vertehral fractures will eliminate all the incremental cost. This was,
however, only a small study and it nceds to be repeated in a larger population.
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At this moment there is no coherent strategy for fracture prevention, and in daily life
osteopotasis and fracture prevention is mainly carried out through sporadic individual
case identification in general practice and specialist care, But, at the same time, there is a
growing awareness of ostcoperosis in the general public, partly generated by information
from the pharmaceutical industry, and there is no guarantee that this growing awareness
and demand from the general public will autornatically lead to optimal intervention.

For the prevention of osteoporotic fractures it is important to know who are at risk as
well as which preventive strategy is most effective and cost-cffective for different risk
categorics. In the modeling of fractures and fracture risk we concentrated on the
predictive value of bone minetal density (BMD) and age. A limitation, however, was that
there are currently almost no prospective data about the long term evolution of BMD
within individuals, and the bone minerat density data in our prediction models were
mensured cross-sectionally. Therefore, we needed to make assumptions about this
individual evolution, evaluating different correlation coefficients. The Rotterdam stady
will, over time, provide these follow-up data on BMD cvolution and fractures, altowing
mote detailed estimates for the incidence of those fractures in the Nethetlands, and its
relation to BMD,

BMD is, however, not the only element involved in fractures. The observed and
relatively modest decline in bone density with age can not fully explain the exponential
increase of hip fracture incidence with age. This shows that also other factors are
important coneributors to the fracture risk, including bone quality but alse non-bone
specific detesminants. A trauma, most often a fall from standing height, is the direct
cause of the fracture. Propensity to fall increases with age due to a variety of reasons such
as a decrease in mobility, the use of sedative drugs, visual impairment ete.. The impact of
those non-bone-density-related factors have, in the current models, been taken into
account by using age as a surrogate,

These other risk indicators could, of course, be contemplated for fracture prediction,
Some of these have indeed been included in tisk scores developed around the world, and
also in our own study population.™ They include risk indicators such as visual
impairment, low body weight, smoking, use of walking aids, drug usage and also co-
morbidity in general. But, as is clear from our validation studies, both in subgroups as in
the individual, the performance of age, gender and BMD is already quite high, making it
very difficult to improve the predictive value of those functions substantially, Risk can
well be estimated for groups of individuals, but since a fracture also remains 2 chance
event, it will most likely remain difficult to predict in which individual and when it will
accur,

We do not expect that adding other fractures will change our overall conclusions, but we
will add them into the model, since they too will be affected by prevention and they too
are associated with increased costs and impairment of quality of life. No nationwide data
are available, but we recently obtained estimates of the incidence of non-hip peripheral
fractures and their relaton to BMID from the fracture follow-up within the Rotterdam
study.{' ‘The incidence of vertebral fractures is, however, more difficult to evaluate, since
these fractures often do not come to clinical attention. But, since we have estimates of
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the prevalence of vertebral fractures from the first cross-sectional phase of the
Rotterdam Study, whete the spinal radiographs were analyzed,” we were able to estimate
incidence, taking into account the increased mortality risk when a vertebral fracture is
present.’ In the future we will obtain the cumulative incideace of vertebral fractures by
compating spinal radiographs made at baseline in the Rotterdam study with radiographs
made at later return visits. Carrently, the third round of return visits in the Rotterdam
Study is being completed, which will lead to an avetage follow-up period of 6 years.

Over the years, the Rotterdam Study will continue to offer 2 unique opportunity to study
the combined risk indicators and outcomes in the same population and in both men and
women. Although these addidonal risk indicators were measured at baseline, additional
follow-up time and more events are needed before more precise estimates can be
obtained.

The current models perform well, and the simulated incidences were equal to the
obsetrved incidence in the Netherlands as, obviously, they should. The estimated lifetime
tisk was also similar to previously published estimates, although the methods to arrive at
it were different.” Since the risk equations are based on Dutch data, they can be used to
effectively help in reviewing the Dutch osteoporosis guidelines, where this model can be
used to simulate any proposed interventions. Additionally, we fecl confident that they
can also be used for other populations, fitted with local data when needed and available.

Many pharmacentical treatments have been proposed to prevent osteoporotic fractures
with vatious evidence of effectivencss:® calcium or vitamin D supplementation, hormone
replacement therapy (HR'T), bisphosphonates, calcitonin, and recently also the “selective
estrogen receptor modulators” (SERM’s). Other strategies have focused on lifestyle
interventions, the removal of risk factors in the home or on interventions to reduce the
propensity to fall by training, or by the avoidance of sedative drags. Yet another strategy
is the use of external hip protectors in individuals at high risk, such as nursing home
patients.

But, whatever the choice of the intervention, the important question that remains is
when to intervene and in whom, Overall one-year hip fracture incidence only rises above
1 % after the age of 80 for women and 85 for men. When the moment of intervention is
at or soon after the menopause, we can expect that even with an effective therapy, the
expected benefit is so far off that the compliance with medication will be poor. This issue
is further complicated by the prohlem that, even when data about short-term
effectiveness may be readily available, long-term effectiveness data are lacking.
Additionally, effectiveness data often concern intermediate endpoints such as bone
mineral density rather than the "harder” endpoints such as fracrure incidence. it is
therefore preferable, if possible, to bring the preventive intervention nearer to the
adverse outcome.,

In our modeling studies, we observed that even a very effective intervention, with 50 %
risk reduction and assuming lifelong cffectiveness, would not prevent more than 44 % of
first hip fractures in woinen when the whole population were treated at an eatly post-
menopausal age. This was due to the fact that prevention, on average, leads to a
postponement of the occurrence of a hip fracture, but not always to the avoidance of it.
Assuming more realistic scenarios, with shorter treatment periods and with declining
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effect after discontinuation of treatment, it became evident that early postmenopausal
intervention is both less effectve and therefore surely less cost-effective.

We also observed that a T-score lower than —2.5 in eatly post-menopausal women,
represents an extremely high lifetime sisk, and we should probably design strategies to
detect those women at an eatly stage as was also advised by the ‘Gezondheidsraad’? At
ages past 70 years, however, a large proportion of women will have a T-score below this
threshold. This means that the current definition of osteoporosis is possibly not the best
threshold for treatment. As an alternative we suggest our one-year risk estimate taking
into consideration both age and BMD. At a risk threshold of 0.5 % this estimate had
both a high sensitivity and specificity for predicting hip fractures in the 4 following years.
At those higher ages screening followed by selective treatment of women at high risk
might become the most cost-effective option. After the age of 80, however, our
modeling experiments indicate that treating everybody with an effective interventon and
without screening might be more cost-effective than a screening approach,

Current guidelines for the prevention of osteoporosis are relatively vague,' reflecting the
uncertainties. Recently the 'Gezondheidstaad' advised to investigate different prevention
scenarios.” ‘Those scenarios should not only define how to treat, but especially who and
when. ‘To support this decision making, information about the balance between costs and
effects - from a societal point of view - is needed. Given the time horizons that need to
be considered, a maodel is the most productive instrument to bring together knowledge
and uncertaintics about the epidemiology, and about the expected costs and benefits of
various preventive strategies. Currently, the CBO guideline for osteoporosis is being
revised and, with our models, we will tey and contribute to the assessment of the cost-
effectiveness of the strategies proposed, both in the definition of the target popuiation
and strategies for case finding, as in the evaluation of the interventions chosen.

"The overall picture of fracture prevention is indeed complex. Optimal and cost-effective
strategies will probably be combinations of several types of interventions, each focused
on a specific target population with specific risk indicators. The aim of our research was
to provide the tools to design such strategy. The questions that we put forward at the
start of this research were simple but important: who should be treated, and when and
how should this be done? With the models we developed in this thesis, we provided the
framework to answer those questions for every proposed intervention.

FUTURE RESEARCH

In this thesis we developed basic models to analyze costs and effects of preventon and
treatment of osteoporosis. Since the prevention of osteoporosis, and its cost-
effectiveness will also be influenced by the impact of interventions {e.g. HRT scenarios
or the use of SERM’s) on other diseases such as cardiovascular disease and cancers, these
need to be included in a more global model. We need to clarify whether these diseases
occut independently, allowing for simple models, or whether their occurrence is related
either direcily, or through the same risk factors. There might, for example, be a positive
refation between fracture risk and heart disease reflecting estrogen exposute during a life,
There might also be an inverse relation between the risk of fracrure and that of breast
cancer as has been suggested in the literature." 'The data from the Rotterdam Study will,
in the future, be used to study these relations.
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Around the world there are a few prospective cohort studies that are comparable to the
Rotterdam Study, and that also study osteoporosis and some of the other cutcomes of
interest, Only one of those other cohorts also includes men, At this moment, we are
preparing to collaborate with some of those large cohort studies, to try and cross validate
our findings. When successful, this cross validation would greatly enhance the
generalizability of the results,
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SUMMARY

In this thesis on the cost-effectiveness of osteoporosis and fracture prevention, the first
patt deals with the burden of illness and the cost of osteoporosis in the Nethetlands,
hoth in tesms of morbidity and mortality as in financial terms. In the second part models
for estimating the short-term hip fractures risk are developed. The last part is devoted to
simulation models that estimate lifetime hip fracture risk and the effect of theoretical
interventons.

PART 1: BURDEN OF ILLNESS OF OSTEOPOROSIS

Osteoporosis and related fractures are a major source of morbidity and health care costs
both today as in the foreseeable future (chapters 1.1 and 1.2), The most setious fracture,
the hip fracture, occurs frequently in the Netherlands, and its incidence is increasing with
time. ‘The incidence increases exponentially with age, and men reach the same hip
fracture incidence at a 5 year older age than women.

The total number of hip fractures will inevitable rise if no serious preventive efforts are
undertaken. Based solely on the demographic evolution, we predict that, without
intervention, the number of hip fractures will be around 30.000 by the year 2040. One
ight even expect a sharper increase when we take into account the fact that the
incidence of hip fractures, corrected for age, has increased significantly in the
Nethetands during the last 20 years.

Mortality associated with hip fracture is strongly age dependent and related to
concomitant ilnesses and in-hospital complicadons. In a case cohort study (chapter 1.3),
we were able to directly confirm the finding that after a hip fracture mortality rates are
elevated in the first few months following the event, but return to normnal after ahout 6
months. Although osteoporosis and hip fractures are often thought of as refated solely to
wotmen, morttality rates after a hip fracture are much higher in men.{chapters 1.1 and 1.2}
In-hospital mortality is twice that of women, but it remains unclear whether this is related
to co-morbidity in men or to other factors.

The average hospital kength of stay after a hip fracture was 26 days in 1993, and this was
much longer thant necessary from a medical point of view. From the data, we concluded
that notably persons waiting for a nursing home admission stayed in the hospital for too
long. Therefore, we concluded that, besides prevention, a more efficient hospital stay and
discharge strategy is the most obvious way to control costs in the near future,

Nutsing home care was often needed after the acute phase of the hip fracture. We
detected that 21 % of men and 27 % of women were discharged directly towards nursing
homes. This difference could partly be explained by the higher in-hospital mortality of
men, but also to the fact that, at the age when hip fractures oceur, more women live
alone than men, and they are therefore more in need of outside help. Although nursing
home stays were sometimes very long, the majority of patients left the nursing home
within 3 months,
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Precise incidence rates for non-hip fractures could not be obtained for the Netherlands
at the start of this research, and we derived those from international data. Since the focus
of this thesis was on cost and personal illness burden, this nncertainty for non-hip
fractures was not perceived as a major problem. Later on, howevet, we were able to
confitm those data with data from the Rotterdam Study. Wrist and vertebral fractures
(when diagnosed) are most frequently treated in an outpatient setting, Based on the
literature it was estimated that about one third of the vertebral fractures came to clinical
attention,

We estimated the direct cost associated with fractures at older age. The majority of these
fractures wete probably osteoporosis related, but not all. We concluded that the cost of
osteoporosis is mainly related to hip fractures, We used two approaches to calculate the
yeatly cost of osteoporosis and fractures in the population aged 50 and over in the
Netherlands in 1993. The results of hoth the top-down and the bottom-up approach
were comparable, and indicated a yeatly cost between € 180 million and € 210 million.
The main difference between both approaches was the cost of nursing home care that
was not included in the top-down approach. Indirect costs were excluded since
osteoporosis mainly affects the eldedy and their production losses can be neglected.

The contribution of the oldest patients in the total cost was very striking, Although
people from 85 years and older constituted only 1,3% of the Dutch population (1993),
this group contributed to more than one third of the cost of ostcoporotic fractures. The
most important cause was, besides the higher incidence of hip fractures, the longer
length of stay in the hospital and the higher incidence of admissions to a nursing home.
With an aging population this situation may worry health policy planners.

When comparing the cost in the Netherlands with intetnational figures, we found both
higher and lower estimates. Several studies indicated a cost of US$ 7 - 10 billion for the
United States resulting in a yearly cost per capita of € 20 - 30 for osteoporosis related
fractures. A more recent study estimated the cost in the US for all osteoporosis related
fractures at almost US$ 14 billion, but this study included a large proportion of all
fractures as osteoporosis related. Our maximum cost estimate is equivalent to about € 15
per head of the population in the Netherlands. The US estimates however did include the
indirect costs that we choose not to include, ‘The estimates for France, however, were
much lower with a global cost of FF 3.5 billion (€ 500 million) and a per capita cost of €
9.

In a case cohort study within the Rotterdam Study, we estimated the incremental health
care consumption and its associated cost directly (chapter 1.3). For hip fractures, the cost
estimate of € 10.000 for the first year largely confirmed our previous cost estimates in the
Nethetlands and those made for other countries, But, the results for vertebral fractures
were unexpected. For vertebral fractures we could not detect important acute heaith care
costs, but we did observe a yearly incremental cost of € 1000, Almost half of this
incremental cost, however, was present even before the occurrence of the vertebral
fracture, while an important part of the additional inctemental cost after the fracture was
caused by use of pharmaceutical drugs, mostly anti-ulcer drugs, This appears to point to
co-morbidity, and it is therefore unlikely that prevention of vertebral fractures will
eliminate all the incremental cost.
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PART 2: MODELING THE RISK OF HIP FRACTURES

For the modeling of fractures (chapter 2.1), we concentrated on the predictive value of
bone mineral density (BMD), while the impact of other, non-bone density related risk
indicators were accounted for by using age as a surrogate indicator.

BMD is the indicator that is most commonly used to determine fracture risk, especially
BMD measured at the femoral neck. BMD at the hip appears to be more strongly related
to the risk of hip fracture than bone density measured at other sites. In the literature, the
age-adjusted relative risk for hip fracture was estmated at 2.6 per 3D decrease in hone
density at the femoral neck in women, We were able to confirm this estimate in the
Rotterdam study, ntot only for women but also for men.

From this relative risk, combined with Dutch incidence data and BMD distribution from
the Rotterdam Study, we theotetically derived risk functions by age, gender and BMD to
calculate one-year cumulative incidence,

Subsequently we conducted a validation study within the Roteerdam Study, to test the
petformance of these theoretically derived risk functions for hip fracture risk predicton
(chapter 2.2). The majority of hip fractures (61 out of 110} occutred either in the high
tisk group or in the residential care group, even though these groups accounted for
barely 14 % of the study population. In the community dwelling individuals, the high risk
group consisted mainly of individuals aged 70 years and older, predominantly women.
The low and moderate risk groups taken together identified a large proportion of the
study group with low hip fracture incidence, even at ages over 80. However, a smaller
group of individuals with high hip fracture incidence starting at age 70, could be
identified @ prioti by using the risk funcdon,

Therefore, we concluded that we can accurately estimate hip fractures risk in population
subgroups. The risk functions performed well for the prediction over a period of 4 years
in both men and women. Longer follow-up will be needed to validate those risk
functions for use over fonger time periods.

As an additional tool to estimate hip fracture risk in daily routine, we constructed, based
on the risk functions, # nomogram to derive the hip fracture risk based on age, gender
and BMD measured at the femoral neck, Although our risk functions were developed
with data from a Lunar machine we have also converted them for use with other brands
of bone densitometers.

For the prediction of hip fractures in the individual (chapter 2.3), absoclute BMD
thresholds appear to have limited value when age is not included in the assessment of hip
fracture tisk. Qur risk functions including age and BMD gave more clinically relevant
information than the commonly used T-scores and Z-scores, A threshold level of 0.5 %
one-year tisk had, in this study, both a high sensitivity and specificity, and is therefore,
potentially, an interesting and clinically relevant cutoff point.
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PART 3: MODELING PREVENTION

In two models, we evaluated lifetime risk of hip fracture extrapolating risk from the
previous fracture risk models, and assuming BMD decline with perfect correlation over
time, The average lifetime risk in women aged 55 was estimated at 13.3 %, comparable to
previous estimates by others. Subsequently, we evaluated the performance of specific
threshold values of BMD for predicting long term and lifetime risk. When Z-scores wete
used to evaluate the BMD, the lifedme risk remained similar at all ages. The reason for
this is that, although hip fracture risk increases exponentially with age, this phenomenon
is matched by a similar exponential increase in mortality rates. The ratio of hip fracture
risk and mortality risk is almost stable through aging. A T-score on the other hand, is a
fixed threshold value, and therefore the lifetime risk was much higher when T-scores are
low at younger ages.

Subsequently, we assumed that the BMD decline is not the same in every individual and
that the correlation between BMD now and BMD in the future is not perfect. When
taken into account, average lifetime risk increased slightly, with decreasing correlation.
We also concluded that the lifedme risk in women considered at high risk is seriously
ovetestimated when this phenomenon is distegarded. On the contraty, in women
considered at normal or at low risk, the lifetime risk is underestimated. This, again, might
have important consequences, since it means that the benefits of screening at an early age
will be overestimated when this phenomenon is not considered.

We simulated the effect of theoretical interventions leading to & dsk reduction of 20 %
and 50 % respectively. In this intervention simulation study, we found that in the most
optimistic scenario of lifelong effectiveness and 50 %o risk reduction, only 44 % of hip
fractures would be avoided by applying this intervention to everybody at the age of 55
(the population approach). However, with 500 treatment years to avoid one hip fracture
this would only be an option for a very inexpensive intervention,

Applying this same intervention at later ages improved the cost benefit balance
considerably. With the same intervention at the age of 70, only 250 treatment years
would be needed to avoid one hip fracture, while we would still be able to avoid 35 % of
hip fractures, :

As examples of a screening approach we used the Z-score and T-score thresholds, Most
hip fraceures were prevented using the Z-score before the age of 70 and by using the T-
scote threshold past that age, reflecting the fact that the more people are selected the
mote hip fractures can be avoided. Cost-effectiveness was much better for the screening
apptoaches than for the population approach but the difference between both screening
approaches was small. Howevey, the cost-cffectiveness was again much better when
treating at later ages.

When the more realistic scenatio of treating for 5 years, followed by a linear offsct of
effect during the next 5 yeats was assumed, effectiveness of intervention increased with
age reaching an optimum around the age of 80, both in the population and in the
screening approaches. The effect of treatment shortly after menopause was almost
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In both interventions, the cost-effectiveness difference between the screening and the
population approach became relatively small at ages over 80. When screening would be
an important cost, or when using it would be impractical such as for nursing home
residents, the population approach is likely to become the best alternative for women at
those ages.

From the sensitivity analysis it became clear that the offset of treatment assumptions are
important parametess. When residual effect would last for 10 years after treatment
cessaton, more hip fractures would be prevented by intervention at a younger age, and
the cost-effectiveness balance would improve. The opposite occurred when effect
stopped immediately after treatment cessation,

Assuming a less than perfect correlation did not influence the effectiveness or cost-
effectiveness of the no-screening approaches, but it did negatively influcnce the
effectiveness and cost-effectiveness of the screening scenarios at younger ages. After the
age of 70, however, this effect became negligible, Again, this is an argument for screening
and intervention at later ages.

Overall, the cost-effectiveness of fracture prevention appears better in screening
approaches than in the population approach, although this difference becomes smaller
late in life. The cost-effectiveness is also improved when intervention occurs at later ages.
Therefore, optimal and cost-effective strategies will probably be a combination of several
types of interventions, each focused on specific target populations with a specific risk
profile. The aim of our research was to provide the tools to design such strategy. The
questions that we put forward at the start of this research were simple: who should be
treated, and when and how should this be done? With the models we developed in this
thesis, we provided the framework to answer those questions for every proposed
intervention.
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In dit proefschrift over de kosteneffectiviteit van de preventie van osteopotose en
fracturen, is het cerste deel gewijd aan de zicktelast van osteoporose in Nederland. In het
tweede deel worden modellen ontwikkeld om het kotte termijn risico op heupfracturen
te schatten. In het derde deel worden deze modellen gebraikt om het lange termijn tisico
op een heupfractuur en het effect van theoretische interventies op dit risico te simuleren.

DEEL 1: ZIEKTELAST VAN OSTEOPOROSE IN NEDERLAND

Osteoporose en aan ostecoporose gerelateerde fracturen zijn een belangtijke corzaak van
ziekte en van kosten, zowel vandaag als in de nabije toekomst (hoofdstukken 1.1 en 1.2).
De meest ernstige fractunt, de heupfractuur, komt veel voor in Nederland en de
incidentie ervan neemt nog steeds toe. De incidentie stijgt exponentieel met de leefiijd,
en de incidentie bij mannen bereikt vergelijkbare waatden op een 5 jaar hogere leeftijd
dan bij vrouwen.

Indien geen preventieve acdes worden ondernomen zal het totaal aantal heupfracturen
nog verder toenemen, Wanneer we enkel rekening houden met de demografische
evolutie zullen rond 2040 jaatlijks 30,000 heupfracturen optreden in Nedetland. Wanneer
we bovendien de trend extrapoleren dat in Nederland de leeftijdsspecifieke incidentie van
heupfracturen de laatste 20 jaar sterk is toegenomen kan dit aantal nog scherper sdjgen.

Aan heupfracturen gerclateerde sterfte is sterk leeftijdsafhankelijk, en bovendien
afhankelijk van co-morbiditeit en complicaties die optreden na een chirurgische
interventie in het ziekenhuis. In een case-cohortonderzoek (hoofdstuk 1.3) hebben we
aangetoond dat de sterftckans verhoogd is gedurende 6 maanden na de heupfractur,
maar daarna terugkeert naar normale waarden, Alhoewel osteoporose en heupfracturen
meestal beschouwd worden als een aandoening van vrouwen, is de ziekenhuismortaliteit
na een heupfractuur bij mannen twee keet zo groot (hoofdstukken 1.1 en 1.2). De reden
hiervoor is onbekend. :

De gemiddelde duur van de opname in het zickenhuis bedroeg 26 dagen in 1993, Dit Lijkt
een flink stuk langer dan noodzakelijk vanuit medisch cogpunt. Uit de gegevensanalyse
bleek dat vooral die persenen die uiteindelijk naar cen verpleeghuis gingen veel te lang in
het ziekenhuis verbleven. Een voor de hand lipgende conclusie is dat, naast prevende,
ook een tijdige voorbereiding van het ziekenhuisontslag kan bijdragen tot het
terugdringen van de kosten in de nabije tockomst.

Na de acute fase van de heupfractuur was er dikwijls behoefte aan verpleeghuiszorg, Bij
mannen ging 21 % en bij vrouwen 27 % na de ziekenhuisopname direct naar het
verpleeghuis, Dit verschil werd deels verklaard door de hogere sterfte bij mannen, maar
ook door het feit dat op deze leeftijd veel meer vrouwen alleen leven dan mannen en
daarom ook meer behoefte hebben aan hulp van buitenaf. Alhoewel het verblijf in het
verpleeghuis in sommige gevallen erg lang was, kon de meerdetheid van de patiénten
toch binnen 3 maanden terug naar huis,

Nauwkeurige incidentiegegevens van andere dan heupfracturen waren niet beschikbaar
voor Nedetland en voor ons onderzoek hebben we deze geéxtrapoleerd vanuit
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Amerikaanse gegevens. Vermits de klemtoon van dit proefschrift lag op de kosten en het
persoonlijk lijden ten gevolge van osteoporose, beschouwden we de mindere
betrouwbaarheid van deze gegevens niet als een belangtijk probleem. Bovendien konden
we, achteraf, deze schattingen valideren aan de hand van gegevens uit ERGO,
Polstracturen en wervelfracturen worden meestal poliklinisch behandeld, en uit de
literatuur konden we atleiden dat slechts ongeveer een derde van de vertebrale fracturen
aok echt onder de aandacht komt van een arts. De resultaten van ons case-
cohortonderzoek bevestigden dit.

We hebben cen schatting gemaakt van de kosten gerelatecrd aan het optreden van
fracturen op oudere leeftijd. De meerderheid van deze fracturen was waarschijnlijk toe te
schrijven aan osteoporose. We kwamen tot de conclusie dat de kosten van osteoporose
vooral bepaald worden door de heupfracturen. We kozen twee benaderingen om de
jaatlijkse kosten van osteoporose cn fracturen te berekenen in de bevolking ouder dan 50
jaar, en beide benaderingen gaven vergelijkbare cijfers. De schatting van de kosten voor
de verzorging van fracturen, voor het jaar 1993, lag tussen € 180 miljoen en € 210
miljoen. Het helangrijkste verschil tussen beide benaderingen was dat de kosten van
verpleeghuizen nict meegenomen waren in de laagste schatting. Indirecte kosten werden
ook niet meegenomen, vermits osteoporose en daaraan gerelateerde fracturen
voorkomen bij een oudere bevolking waar de productieverliezen verwaarloosbaar zijn,

Het aandeel van de oudste patiénten in de totale kosten was erg opvallend. Athoewel
personen van 85 jaar en ouder maar 1.3 % uitmaken van de Nederlandse bevolking
(1993), droeg deze groep voor meer dan een derde bij aan de kosten van osteoporotische
fracturen. De voornaamste reden hiervoor was, behalve een hogere heupfractaus
incidentie, het langere verblijf in het ziekenhuis en de grotere kans op opname in een
verpleeghuis. Met een snel verouderende bevolking is dit fenomeen verontrustend.

Wanneer we onze schattingen van de kosten vergeleken met internationale gegevens
vonden we zowel hogere als lagere schattingen, Verschillende onderzocken rapporteren
voor de Verenigde Staten jaarlijkse kosten van US$ 7 - 10 miljard, wat per capita
overeenkomt met € 20 - 30 voor osteoporose en gerelateerde fracturen. Een recent
onderzock schatte de kosten van ostcoporose in de Verenigde Staten zelfs op US$ 14
miljard, maar dit onderzoek beschouwde een belangrijk deel van alle fracturen als
gerelateerd aan osteoporose. Onze maximale schatting komt overeen met een per capita
kost van ongeveer € 15, maar de Amerikaanse schattingen bevatten ook de indirecte
kosten die wij buiten beschouwing hebben gelaten, Schattingen voor Frankrijk waren
lager, met een globale kostprijs van € 500 miljoen, per capita € 9,

In een case-cohortonderzoek binnen het ERGO-onderzoek (hoofdstuk 1.3) hebben we
ook rechtstreeks het versehil in medische consumptie en kosten onderzocht tussen
patiénten met een fractuur en vergelijkbate personen zonder fractuur, Voor
heupfracturen vonden we bijkomende kosten van € 10.000 voor het cerste jaar, hetgeen
grotendeels onze vroegere schattingen bevestigde, De resulraten voor wervelfracturen
waren echter onverwacht. Alhoewel we geen belangrijke acute medische kosten konden
detecteren, vonden we toch een jaatlijks kostenverschil van ongeveer € 1000, Bijna de
helft van dit kostenverschil was echter al aanwezig in de jaren voor het optreden van de
wervelfractuur. Van de bijkomende kosten na de fractuur was een belangrijk deel toe te
schrijven aan het gebruik van geneesmiddelen, vooral van maagzuursecretieremmers, Dit
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lijkt te wijzen op co-morbiditeit, en het is daarom onwaarschijnlijk dat de preventie van
wervelfracturen ook alle bifkomende kosten zal vermijden.

DEEL 2: MODELLEREN VAN HE'T RISICO OP EEN HEUPFRACTUUR

Voor het modelleren van het tisico op een heupfracteur (hoofdstuk 2.1), hebben we ons
geconcentrecrd op het voorspellend vermogen van botmineraaldichtheid (BMD). De
invloed van andere, niet aan de botdichtheid gerelateerde indicatoren werd in
beschouwing genomen door leeftijd te gebruiken als een surrogaatindicator,

BMD is de meest gebruikte indicator voor het risico op fracturen, en vooral de BMD
gemeten ter hoogte van de femurhals blijkt sterk gerclateerd te zijn aan het risico op een
heupfractuur. In de internationale literatuur wordt het, voor de leeftijd gecotrigeerde,
relatief risico op een heupfractuur bij vrouwen geschat op 2.6 per standaard deviatic
vermindering van de BMD gemeten aan de femuthals. Binnen het ERGO-onderzoek
konden we deze schatting bevestigen, niet alleen bij vrouwen maar ook bij mannen.

Met dit geschatte relatieve risico, Nedetlandse incidentie gegevens en de BMD verdeling
binnen het ERGO cohort hebben we theoretische risicofunctics afgeleid die het één-jaars
cumulaticve risico op een heupfractuur geven naar leeftijd, geslacht en BMD.

Vervolgens hebben we, hinnen het prospecteve deel van het ERGO-onderzock, deze
functes gevalideerd ten aanzien van hun voorspellend vermogen voor heupfracturen
(hoofdstuk 2.2). De meerderheid van de heupfracturen (61 van de 110) kwamen
inderdaad voor bij de hoogrisico groep, ofwel bij de geinstitutionaliscerde deelnemers in
verpleeg- en verzorgingshuizen, ook al maakten deze groepen samen maar 14 % uit van
de onderzoekspopuiade. Bij de niet-gefnstitutionaliseerde deelnemers bestond de hoog
risico groep vooral uit personen van 70 jaar en ouder, en ook vooral uit vrouwen. De
groepen met een laag of gemiddeld risico identificeerden een belangrijk deel van de
bevolking waarbij we cen lage fncidentie van heupfracturen vaststelden, zelfs op de
leeftijd van 80 jaar en ouder. Een kleinere groep van personen met een hoog tisico op
een heupfractuur kon correct gedetecteerd worden met onze tisicofuncties,

Hieruit concludeerden we dat dit risicomodel accuraat de incidentie van heupfracturen
kan vootspellen in deelgroepen van de bevolking, De risicofunctie werkte adequaat over
een periode van 4 jaar, zowel bij mannen als bij vrouwen. Een verdere follow-up is nadig
om het voorspellend vermogen over langere periodes te valideren,

Als extra instrument om het risico op een heupfractuur in te schatten in de dagelijkse
praktijk, hebben we op basis van onze risicofuncties een nomogram gemaakt waatop
gemakkelijk is af te lezen wat het één-jaars risico s gebascerd op leeftijd, geslacht en
BMD. Deze disicofuncties werden ontwikkeld met gegevens van een Lunar DPX-L
densitometer. We hebben ze cok geconverteerd voor gebruik met andere densitometers,

Een vast afkappunt voor de BMD lijkt weinig waarde te hebben om bij individuen een
heupfractuur te voorspellen wanneer de feeftijd buiten beschouwing blijfe (hoofdstuk
2.3). Onze risicofuncties die zowel leeftijd als BMD gehruiken geven meer klinisch
relevante informatie dan de in de prakdjk gebruikelijke T- en Z-scotes. Een afkappunt
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van 0.5 % één-jaars risico resulteerde in zowel cen hoge sensitiviteit als cen hoge
specificititeit, en dit is daarom potentieel een interessante en klinisch relevant atkappunt,

DEEL 3: HET MODELLEREN VAN PREVENTIE

In twee aparte modellen hebben we het ‘life-time’ tisico op heupfracturen gemodelleerd
uitgaande van de genoemde risicofunctics met de aanname dat de BMD lineair afneemt
met de leeftijd en met een perfecte correlatie in de tijd, Het gemiddelde ‘life-time’ risico
voot ecn 55-jarige vrouw werd geschat op 13.3 %, vergelijkbaar met vroegere schattingen
van andere onderzockers, We hebben bovendien het belang geévalueerd van specificke
BMD afkapwaarden voor het ‘life-time’ risico. Wanncer Z-scores werden gebruike bleef
het ‘life-time’ risico op een heupfractuur gelijk op alle leeftijden. De reden hiervoor is dat,
alhoewetl het risico op ecn heupfractuur exponentieel stijgt met de leefiijd, dit
tegengegaan wordt door een vergelijkbare stijging van de stecfte met de leeftijd. Hierbij is
de verhouding tussen het tisico op een heupfractuur en het sterfrerisico stabiel over alle
leeftijden. Een T-score daarentegen is een vaste afkappunt en daarom was het ‘life-time’
tisico veel hoger bij een lage T-score op jonge leeftijd,

Vervolgens namen we aan dat de daling van de BMD niet gelijk is bij alle personen en dat
de correlatic tussen BMD nu en BMD in de tockomst niet perfect zal zijn. Wanneer we
dit fenomeen in beschouwing namen steeg het ‘life-time’ risico licht bij dalende
correlatie. We kwamen bovendien tot de conclusie dat het ‘life-time’ risico op een
heupfractuur behoorkijk overschat wordt bif vrouwen met een hoog risico wanneer we dit
fenomeen niet in beschouwing nemen. Bij vrouwen met een gemiddeld of een laag risico,
daarentegen, wordt het risico onderschat. Het voorspellend effect van screening op een
vroege leeftijd zal dus overschat worden indien we hiermee geen rekening houden.

We simuleerden theoretische interventies die aanleiding geven tot een risicoreductie van
respectievelijk 20 % en 50 %. Bij het simuleren van deze interventies vonden we dat met
het meest optimistische scenario dat life-time’ interventie koppelt aan “life-time’
effectiviteit met 50 % risico reductie, slechts 44 % van de heupfracturen vermeden kan
worden, ook al wotdt deze interventie aan ledereen gegeven vanaf 55 jarige leeftijd (de
bevolkingsstrategie). Om dit te doen zijn echter 500 behandelingsjaren nodig voor elke
vermeden heupfractuur, wat alleen een opte kan zijn voor een behandeling dic erg
goedkoop is.

Wanneer we dezelfde interventie op latere leeftijd toepassen verbetert de
kosteneffectiviteit aanzienlijk. Op de leeftijd van 70 jaar zijn er voor de preventie van een
heupfractuur slechts 250 behandelingsjaren nodig, terwijl toch nog 35 % van de
heupfracturen vermeden kan worden.

Als voorbeeld van een mogelijke screeningsstrategie gebruikten we afkappunten voor de
Z~score en de T-score. Het grootste aantal heupfracturen werd vermeden door gebruik te
maken van een Z-score vO6r de leeftijd van 70 jaar en door gebruikt te maken van de T-
score na die leeftijd. Dit reflecteert viteraard het feit dat rond de leeftijd van 70 jaar beide
afkappunten corresponderen met dezelfde BMD. Die kosteneffectiviteit van screening
was veel beter dan voor de algemene interventie zonder screening, maar toch was ook
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hier de kosteneffectiviteit veel beter op hogere leeftijd. Het verschil in kosteneffectiviteit
tussen beide screeningsbenaderingen was gering.

Met het meer realistische scenatrio waarbij vitgegaan wordt van een hehandelingsperiode
van 5 jaar die gevolgd wordt door een periode van 5 jaar waarbij het effect van de
behandeling uitdooft, steeg de effectivitelt van de interventic met de leeftijd en bereikte
een optimum rond de leeftijd van 80 jaar. Zowel bij de algemenc bevolkingsbenadering
als in het screeningsscenario werd dit optimum beteikt op dezclfde leeftijd. Het effect
van deze interventie kort na de menopauze was zelfs verwaarloosbaar. Opnieuw nam de
kosteneffectiviteit toe met de leeftijd en was deze beter in de screeningsscenarios dan in
de algemene bevolkingsbenadering,

Bij alle bestudeerde interventies werd het verschil in kosteneffectiviteit tussen de
screenings- (hoogrisico) en de algemene bevolkingsscenarios relatief klein na de leeftijd
van 80 jaar. Het valt daarom te verwachten dat, indien de kosten voor screening hoog
zijn, of wanneer screening moeilijk te organiseren is zoals voor verpleeghuishewoners,
een interventie zonder screening het beste alternatief is op deze leeftijd.

Uit de gevoeligheidsanalyse bleek dat de assumpties over de uitdoving van het
beschermend effect belangrijk zijn. Wanneer we veronderstellen dat het effect 10 jaar
aanwezig bHjft in plaats van 5 jaar, worden meer heupfracturen vermeden en ligt het
optilum van de interventic op een icts jongere leeftijd. Wanneer daarentegen het effect
onmiddellifk stopt bij het staken van de interventie worden er minder fracturen
vermeden en moet er zo laat mogelijk behandeld worden,

Wanneer we ervan nitgaan dat het verloop van de BMD by het verouderen niet perfect
voorspeld kan worden verandert er niets aan de efficiéntie van de algemenc
bevolkingsinterventies, maar de efficiéntie van de screening benaderingen vermindert
sterk, vooral op lagere leeftijd. Dit is opnieuw een argument om screening en interventie
uit te stellen tot latere leeftijden.

De preventie van fracruren is inderdaad ingewikkeld. Over het algemeen lijkt een
scenario waarbij een hoogrisico groep behandeld wordt kosteneffectiever dan een
bevolkingsbenadeting, maar het verschil tussen beide benaderingen wordt kiein op
hogere leeftijd. De kosteneffectiviteit van interventes verbetert ook wanncer ze wordt
toegepast op [atere [eeftijid. Hen optimale, en hopelijk kosteneffectieve strategie, =zal
waarschijnlijk een combinatie zijn van verschillende interventies dic elk gericht zijn op
een specifieke doelgroep met een eigen risicoprofiel. Het belangrijkste doel van dit
onderzoek was het ontwikkelen van hulpmiddelen om deze strategic te ontwerpen. Bij
het begin van dit onderzoek hadden we een eenvoudige vraagstelling: wie moet
behandeld worden, en wanneer en hoe moet dit gebeuren? Met de door ons ontwikkelde
modellen hebben we het kader geschetst om deze vragen te beantwoorden voor elke
interventie die overwogen wordt.
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