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Abstract
This paper gives a detailed presentation of a computer model for evaluating the cost-effectiveness
(CE) of hormone replacement therapy (HRT), describing the model’s design, structure, and data
requirements. The model needs data specified for costs, quality of life, risks, and mortality rates. As
an illustration, the CE of HRT in Sweden is calculated. Two treatment strategies are evaluated for
asymptomatic women: estrogen-only therapy and estrogen combined with a progestin. The model
produces similar results compared with earlier studies. The CE ratios improve with the size of the
risk reduction and generally with age. Further, estrogen-only therapy is associated with a lower cost
per gained effectiveness unit compared with combined therapy. Uncertainty surrounding the long-
term effects of HRT means that the CE estimates should be interpreted carefully. The model permits
the inclusion of indirect costs and costs in added life-years, allowing the analysis to be made from
a societal perspective, which is an improvement relative to previous studies.
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At menopause, which occurs on the average at age 50, a majority of women (about
75%) experience menopausal symptoms such as hot flashes, night sweats, and
atrophy-related symptoms of the urogenital tract. Menopausal symptoms may sub-
stantially decrease a woman’s quality of life (4;31). Hormone replacement therapy1

(HRT) mitigates or eliminates these symptoms and increases quality of life. HRT
may also have a cardioprotective effect and offers protection against osteoporosis
and related fractures (26). Evidence of the effect HRT has on breast cancer is
inconclusive, although the risk is assumed to increase after a long period of treatment
(2;3;19;20;23;26). For women with an intact uterus, there appears to be an increased
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risk of endometrial cancer from estrogen-only therapy (26). The increased risk of
endometrial cancer is decreased or eliminated by the addition of a progestin (21;26).
Combining estrogen with a progestin may induce uterine bleeding; however, such
bleedings may decrease or vanish if a combined HRT is continuously applied,
although breakthrough bleeding often occurs in the first few months (1;26).

HRT has been used to treat menopausal symptoms for many years. In the last
few years, HRT also has been recommended for women at a high risk of osteopo-
rosis-related fractures. Whether HRT can be recommended for asymptomatic
women as a preventive treatment has also been discussed (26). From a health
economic perspective, these and other issues may be considered by using cost-
effectiveness analysis (CEA).

CEA is based on maximizing health effects, subject to a cost constraint (29).
In a CEA, costs are measured in monetary units and effects in nonmonetary units
such as life-years gained (LYG) or quality-adjusted life-years (QALYs). The CEA
is usually referred to as cost-utility analysis (CUA) if the health effects take into
account changes in quantity and quality of life. The most frequently used health
outcome measures in CUA are QALYs, although healthy years equivalents (HYEs)
have also been proposed (6). CEA must be provided with a useful decision rule
such that the price per effectiveness unit must be determined (e.g., the willingness
to pay [WTP] for a QALY or a life-year gained). Without information about the
price per effectiveness unit, a CEA gives no information about whether a program
should be implemented unless the intervention is a dominated alternative such that
the program has higher costs and lower effects. Furthermore, if a fixed price is
used as a decision rule, the CEA approach can be seen as a special case of cost–
benefit analysis where the price per QALY is constant (at all levels of change) and
the same for everyone (10).

The cost-effectiveness of HRT is often modeled due to uncertainty surrounding
the long-term effects of HRT. One model frequently used in the cost-effectiveness
literature is the Markov model (16). The Markov model is useful when a decision
problem involves risk that is ongoing over time, when the timing of events is
important, and when important events may happen more than once (22). This
model is defined using a finite number of (health) states in which an individual
may be found at any given time. The states are mutually exclusive and collectively
exhaustive, meaning that an individual must be in exactly one of the states at any
time. The model assumes that all individuals in a specific state are identical and
that each individual obtains the same cost or benefit irrespective of which transitions
led to the health state, i.e., the model has no memory of prior states (22). Markov
models occur in a discrete time frame and time progresses in units of arbitrary but
fixed length (e.g., 1 year), called cycles. A transition occurs when an individual
moves from one state to the next. Transitions among states occur instantaneously
at the beginning or the end of a cycle, but often a half-cycle correction is included.
The transition probability (pij) is the probability of going from state i to state j; the
transition probabilities for exiting a specific state at a particular stage must always
sum to one: i.e., o

j
pij 5 1. Three basic methods exist to evaluate a Markov model.

The first method is a Monte Carlo simulation in which an individual passes through
the process many times. The second way is to use a cohort simulation whereby a
large group of individuals (e.g., 1,000 individuals) are filtered through the model
at the same time, choosing their transitions according to decided distributions. The
third method involves matrix algebra and produces an analytical solution (22). The
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Figure 1. The basic model structure for evaluating the cost-effectiveness of hormone
replacement therapy.

advantage of using a cohort or Monte Carlo simulation is that transition probabili-
ties, benefits, and costs may be viewed as a function of not only the health state
but also other population characteristics such as age.

Previous studies analyzing the cost-effectiveness of HRT suffer from several
shortcomings. First, the underlying model upon which the analyses are based is
seldom explicitly presented or is only briefly explained. Second, the analyses never
include indirect costs or costs in added life-years, which means that the analyses
are not based on a societal perspective. Third, the analyses are often based on
assumptions and not on empirical investigations. This paper gives a detailed presen-
tation of a computer model that also allows for the inclusion of indirect costs and
costs in added life-years. In the empirical application of the model, intervention
costs, morbidity costs for hip fracture, and coronary heart disease (CHD) are based
on empirical studies.

THE COMPUTER MODEL

The computer model is programmed in C11 and built as a Markov model around
menus in a Microsoftt Windows environment.2 It is developed to analyze the
cost-effectiveness of HRT and is evaluated using a cohort simulation. The model
integrates two previously described computer models: one used for prevention of
cardiovascular disease and one for fracture prevention (11;13;14). The model also
includes a risk function for breast cancer.

Design and Structure of the Model
The model’s overall structure, showing the included health states, is illustrated in
Figure 1. These basic health states are: a) healthy; b) hip fracture first year; c) hip
fracture following years; d) breast cancer first year; e) breast cancer following years;
f) CHD first year; g) CHD following years; and h) death. CHD is subdivided into
five health states: 1) recognized acute myocardial infarction; 2) unrecognized acute
myocardial infarction; 3) angina pectoris; 4) coronary insufficiency3; and 5) sudden
death. The health states a–g are also considered disease states, and are included
because the medical literature shows that HRT may affect these disease risks (26).
Each disease state is characterized by age-dependent mortality rates, costs, and
quality-of-life weights. Hip fractures, breast cancer, and CHD are divided into
“first” and “second and following years” after a disease event, since mortality rates,
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costs, and quality of life differ between these time periods. When a disease event
occurs, the patient will stay in that state or transition until death. At present, there
are no transitions between health states after an event such as hip fracture to CHD
or CHD to breast cancer. Solving this problem can be done in two ways. One way
is to introduce new states, such as a hip fracture after CHD. The problem is that
the model becomes very complicated and difficulties with data arise. An alternative
is to include the risks and costs of the other two diseases in the sequel after an
event. The latter approach has been taken in this model.

The basic model structure assumes a healthy cohort of individuals in its initial
population group (the cohort size can vary between 1–100,000), in which “healthy”
means free from CHD, breast cancer, and hip fractures. At each cycle of the
process, the cohort is reallocated to health states according to specified transition
probabilities. All transitions are assumed to occur instantaneously halfway through
each cycle. In the first cycle, the cohort is exposed to disease risks of CHD, breast
cancer, and hip fractures as well as the risk of dying from other causes. A patient
experiencing a disease event can only transit to death or “postdisease states.”
Patients in postdisease states can only remain in that state or transit to death. The
cohort is followed until age 110. The disease risk function is specified as a logistic
distribution function including different risk factors (9). The disease risk function
can be expressed as:

pi 5
1

1 1 e2zi
(1)

where Zi 5 a0X1 1 a1X1i 1 a2X2i 1 . . . 1 anXni, (2)

where pi is the risk of the disease during a cycle, Xi . . . Xn are risk factors, and a0

. . . an are parameters to be estimated. The model can also tabulate the risks instead
of using the risk functions.

The cost-effectiveness formula used in the computer model can be expressed as:

DC
DE

5
C1 2 C0

E1 2 E0

5
DINT 1 DMORB 1 DMORT

DQLE
(3)

5
DINT 1 DMORB 1 DMORT

DLE 1 DLEQ
,

where a subscript 0 (1), referring to Ci and Ei, denotes no intervention (with interven-
tion), where i 5 0.1. DINT 5 intervention costs, direct and indirect; DMORB 5
changes in morbidity costs, direct and indirect, due to the intervention; DMORT 5
changes in mortality costs, direct and indirect, due to the intervention; DLE 5
changes in life expectancy due to the intervention; DLEQ 5 changes in quality of
life measured in years due to the intervention (where “quality of life” refers to
changes in morbidity and side effects); and DQLE 5 DLE 1 DLEQ.

The numerator in the above formula represents the change in costs resulting
from an intervention. The denominator is the change in effectiveness generated by
the intervention. The change in costs and effectiveness resulting from the interven-
tion is compared to a baseline alternative, i.e., no intervention. The change in cost
is based on the sum of changes in intervention, morbidity, and mortality costs
generated through the intervention, whereas the change in effectiveness is based
on the sum of changes in life expectancy and quality of life due to the intervention.
The model permits the cost-effectiveness (CE) ratio to be expressed either as costs
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Figure 2. Modeling an intervention.

per life-year gained (if DLEQ is set to zero) or costs per QALYs gained. As the
model incorporates consequences for different diseases, effectiveness measures,
such as number of events avoided from an intervention, do not provide meaningful
information. Instead, a composed outcome measure is needed that incorporates
the interventions effectiveness for different risks.

Intervention costs (DINT) are divided into yearly and initial costs. Yearly costs
consist of direct and indirect costs. Direct costs for an intervention include cost of
drugs, costs for services in hospitals (physician visits), primary health care, and
traveling costs. Indirect costs reflect resources foregone due to the treatment (e.g.,
production losses). These costs are particularly relevant for primary prevention
when healthy time is used for the interventions (e.g., physician visits). Initial costs
consist of direct and indirect costs and may, for example, be costs for screening
patients to be treated.

Changes in morbidity costs (DMORB) consist of costs saved because of reduced
morbidity from CHD and hip fractures and costs added because of increased mor-
bidity from breast cancer. The change in morbidity costs are divided into changes
in direct and indirect costs. The model also permits the inclusion of changes in
mortality costs (DMORT). Changes in mortality costs are equal to changes in total
consumption minus changes in the total production due to a change in mortality
from the intervention (17). The estimation of consumption and production should
in principle be based on a healthy population, which are free from hip fractures,
breast cancer, and CHD.

Modeling an Intervention
An intervention is modeled by its impact on the disease risks (Figure 2). The
example illustrated in Figure 2 assumes that treatment duration lasts 10 years.
Without treatment, the relative risk (RR) is equal to 1. With treatment, the RR
follows the dotted line. The risk reduction in entered as a percentage change in
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the base-case risk. For example, if the risk of CHD is assumed to be reduced by
40% during HRT, this is equal to multiplying Equation 1 for CHD above by 0.6.
According to the CHD risk equation, the risk without treatment of CHD for a
woman of age 60 years is 6.2 per 1,000. The intervention reduces the risk by 40%,
and the resulting risk of CHD for this woman with treatment is then equal to:

0.6 3
6.2

1,000
5

3.72
1,000

.

Different options are available for the user when modeling disease risks affected
by the intervention. Start delay is defined as the time prior to when the intervention
affects the risk (2 years in Figure 2). Rise time is defined as the time it takes from
the end of the start delay until the risk reduction has reached its maximum value
(2 years in the Figure 2). The rise time is specified as a linear function of time.
Stop delay and set time are defined analogously to start delay and rise time. The
model also permits a remaining effect lasting from the end of set time until the
rest of the lifetime. Thus, the model allows the user to make several different
assumptions about how the intervention affects the disease risks.

Data for the Model
The model demands data about risks, mortality rates, quality-of-life weights, and
costs.

Risks. First, the base-case risk of CHD, breast cancer, and hip fractures without
treatment need to be known. Within the model, it is possible to use risks specified
as risk functions, risks manually incorporated into tables, or a combination of both.
The base-case risk of hip fractures can also be elevated in the model. This option
makes it easier to analyze cohorts subject to an increased base-case risk of hip
fractures where only the relative risk is available (e.g., women with osteoporosis).

Values must be identified for the risk factors involved in the CHD risk function,
including cholesterol, diastolic blood pressure, smoking status (fraction between 0
and 1), glucose intolerance (fraction between 0 and 1), and left ventricular hyper-
trophy (fraction between 0 and 1). These may represent mean values (an average
woman) in the population that are subject to analysis. By changing the risk factors,
it also becomes possible to analyze cohorts subject to an increased risk of CHD.
Conditional on sustaining CHD, a table determines the distribution among the
CHD disease states. The age-dependent probability of different CHD disease states
must therefore also be identified.

When modeling the intervention, the user must identify how the intervention
affects the disease risks and specify the different options associated with the inter-
vention as described above (% risk change, start delay, rise time, stop delay, set
time, and remaining).

Mortality Rates. Age-specific annual mortality rates have to be specified for
CHD, breast cancer, and hip fractures for the first year, as well as the second and
following years after the disease event. Mortality rates need to be stated for all
ages between the initial age of the cohort and 110 years. CHD mortality rates are
divided into four categories: recognized acute myocardial infarction, unrecognized
acute myocardial infarction, angina pectoris, and coronary insufficiency. Sudden
death is defined as death within 1 hour from the onset of the disease.

Age-specific annual mortality rates also must be identified for death from other
causes (“death other”). To calculate the mortality rate for “death other,” the risk

INTL. J. OF TECHNOLOGY ASSESSMENT IN HEALTH CARE 15:2, 1999 357

https://doi.org/10.1017/S0266462399015275 Published online by Cambridge University Press

https://doi.org/10.1017/S0266462399015275


Zethraeus, Johannesson, and Jönsson

of dying from CHD, breast cancer, or hip fractures is subtracted from the normal
mortality rate. In the model, mortality rates for “death other” are obtained by
multiplying values extracted from normal mortality tables with one minus the
fraction of death that breast cancer and CHD constitutes.

Quality-of-life Weights. Age-dependent quality-of-life weights must be speci-
fied for CHD, breast cancer, and hip fractures for the first and following years after
an event. The quality-of-life weight is a number between 0 (dead) and 1 (full health)
that reflects health state preference. Quality-of-life weights also need to be identified
for healthy individuals (the quality-of-life weight may be lower than 1 due to other
diseases not included in the model). The model also permits the inclusion of quality-
of-life weights during treatment, which takes into account potential side effects
associated with the intervention.

Costs. Costs necessary for the model can be divided into intervention, mor-
bidity, and mortality costs. Their inclusion is based on a societal perspective,
meaning that all costs are incorporated into the analysis, no matter who pays the
costs (see also the CE formula in Equation 3 above). The model permits other
perspectives as well, such as a health care budget perspective.

Age-specific annual morbidity costs must be specified for the first year, as well
as the second and following years after a disease event. Morbidity costs are those
associated with the treatment of CHD, breast cancer, and hip fractures and are
also divided into direct and indirect costs as follows: direct costs are those related
to the patients’ treatment and rehabilitation, whereas indirect costs are equivalent
to a decrease in the value of production caused by the disease. The morbidity costs
are interpreted as the extra costs related to morbidity (i.e., the increase in costs
due to the disease compared with being “healthy”).

Finally, age-specific costs in added life-years may be included. Costs in added
life-years, or mortality costs, are equal to total consumption minus total production
in these years (17).

Output from the Model

Cost per Gained Life-year and QALY. At the top of the intervention result
menu, the change in life-years resulting from the intervention is shown. This change
is calculated as the change in expected survival for the cohort generated by the
intervention (all results are presented per individual). Subsequently, the change in
quality of life due to morbidity and side effects, is shown. Adding the change in
life expectancy with the change in quality of life gives the change in QALYs resulting
from the treatment.

The change in total costs is presented as changes in intervention, morbidity,
and mortality costs. The costs are also presented as direct and indirect costs. At
the bottom of the intervention menu, the model presents CE ratios expressed as
costs per change in life-years and costs per change in QALYs.

Diseases, Lifetime Risk, and Life Expectancy. The model shows the distri-
bution of individuals with or without intervention in the different health states
(death other, healthy, CHD, hip fracture, and breast cancer) for a given cycle after
treatment onset (0–60 years if the cohort is followed from 50 years). It is also
possible to calculate the lifetime risk of different diseases for an individual at a
certain age. For example, the lifetime risk of hip fracture for an individual at a
certain age is the number of individuals who sustained a hip fracture during the
remaining lifetime divided by the number of individuals at risk (the initial cohort).
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These figures may be compared with estimates on lifetime risks in the general
population to check the model’s credibility.

Life expectancy is defined as the average future lifetime of the cohort. The
total number of cycles (years) for each health state is divided by the size of the
original cohort. The total life expectancy is the sum of cycles for the included health
states. The life expectancy, conditional on a certain disease state, is calculated as
the number of cycles in the disease state divided by the number of women who
end up in the disease state, assuming that the cohort starts in the healthy state.

Treatments. There is an option that enables the cohort of individuals to be
followed through the model by varying the time horizon for the analysis. It is
possible to view the number of individuals in different disease states and number
of cycles the individuals have been in the disease state. In addition to following
the cohort at any time horizon, this option can be used as an aid for controlling
the model’s calculations.

EMPIRICAL APPLICATION: ESTIMATIONS BASED ON SWEDISH DATA

A sample simulation was applied to a hypothetical cohort of average asymptomatic
women at the age of 50, 60, and 70 years with an assumed treatment duration of
10 years. For each age group two indications were analyzed: women with an intact
uterus and women who had had a hysterectomy. Women who had had a hysterec-
tomy were given estrogen-only therapy, whereas women with an intact uterus were
given estrogen combined with a progestin. For each indication and age, the treatment
strategy was compared with no treatment. Thus, six independent patient groups
were considered, two for each age group. The stated question was whether there
is good value for money to treat asymptomatic women with an intact uterus or
posthysterectomy with HRT compared with no treatment.

The costs were collected using a societal perspective, including intervention
costs, morbidity costs, and costs in added life-years (17). The intervention cost
includes costs for the drug, travel/time, and physician visits. Morbidity costs include
both direct and indirect costs. Reduced morbidity costs occur when the risk of hip
fractures and CHD decrease from using HRT. Increased morbidity costs occur due
to increases in the risk of breast cancer from using HRT. Costs in added life-years
were calculated as the difference between total consumption (i.e., private and public)
and total production (12;17). The base-case risk of hip fracture and breast cancer
were estimated using Swedish incidence data in different age groups (18;25), whereas
the base-case risk of CHD was extracted from the Framingham Heart Study, in
which the results are based on a U.S. population (15). The hip fracture risk reduction
was assumed, during treatment, to be 40 or 50% (19;20;26). The risk of hip fractures
was assumed to gradually adjust to the base-case risk at 10 years after HRT cessation
(26). The CHD risk reduction was assumed, during treatment, to be 20 or 50%
(19;20;26). The decrease in the risk of CHD was assumed to be the same for
estrogen-only therapy and estrogen combined with a progestin (7). The increase
in the risk of breast cancer was assumed to be 0 or 35%, respectively (19;20). The
increased risk of breast cancer was assumed to start intanstaneously after 5 years
of HRT and remain elevated during the rest of treatment (19;20;26). Costs (given
in 1995 prices) and effects were discounted at the rate of 3% (8). A detailed
presentation of the assumptions made and the included data is presented in a
working paper (32).
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Table 1 demonstrates the cost per life-year gained and QALY for different
risk reductions and ages. Treating women who had had a hysterectomy with es-
trogen-only therapy was associated with lower CE ratios compared with treating
intact women with combined therapy for all ages and risk reductions (5;28). This
is explained by a higher intervention cost associated with the combined therapy.

Assuming a 20% reduction in the risk of CHD, the CE ratios improve with
age at treatment onset. The improved CE ratios are mainly explained by an increased
absolute risk of CHD as age increases and, therefore, a larger decrease in the
number of CHD events and related mortality compared with HRT at younger ages.
There is also an increased age-related absolute risk of breast cancer and hip frac-
tures, but not as large as CHD.

Assuming a 50% reduction in the risk of CHD, the CE ratios increase with
age in some cases. With low CE ratios at the age of 50 years, increases in the
effectiveness of starting treatment in older ages result in higher CE ratios due to
costs in added life-years. Thus, the increase in the CE ratio is due to increases in
the costs in added life-years, which are large in the ages above 65 years (i.e.,
increases in life expectancy are outweighed by increases in costs in added life-years).

By adding the risk of breast cancer, the CE ratio generally increases (i.e.,
worsens). This is due to a lower life expectancy and that savings in morbidity costs
are decreased. However, due to the lower life expectancy, costs in added life-years
decrease, which implies a decrease in total costs and that the CE ratio is unaffected.
In some cases a slight decrease in the CE ratio is observed.

The CE ratio is sensitive to changes in the assumptions about the relative-risk
reduction in CHD. This sensitivity is confirmed in Table 1, which shows a substantial
decrease in the cost per gained effectiveness unit at 50 years of age when the risk
reduction is 50% instead of 20%. Also note that the CE ratio is sensitive to the
inclusion of breast cancer risk for 50-year-old women with a 20% reduction in the
risk of CHD. This is explained by the fact that such women have a rather small
increase in life expectancy (when breast cancer is excluded) compared with other
groups. The inclusion of breast cancer then has a large influence on life expectancy
and CE ratios for these subgroups.

If a 5% discount rate for costs and effects are used, the CE ratios increase.
This is due to the fact that benefits of the treatment in terms of increased life
expectancy and avoided morbidity occur in the distant future, whereas the costs
mainly arise in the near future (intervention costs), implying that benefits are
given lesser weight (more heavily discounted) compared with the costs. The cost-
effectiveness of HRT is very sensitive to the presence of side effects. Assuming
any side effects during the entire treatment period implies that HRT is dominated
by the no-intervention alternative in all patient groups. On the other hand, if it is
assumed that HRT increases quality of life during the treatment period, the CE
ratios improve substantially. The CE ratios also improve if the women are assumed
to be subject to an increased risk (a doubled risk compared with an average woman)
of hip fractures, i.e., if the women have osteoporosis. This is explained by an
increased number of avoided fractures due to the increased base risk of hip fractures.

As mentioned above, a CEA gives no information about whether a program
should be implemented unless the intervention is a dominated alternative, e.g., when
side effects are prevalent, as discussed above. Under some restrictive conditions, it
is possible to conclude that if the willingness to pay (WTP) exceeds the costs per
gained QALY, the treatment program should be carried out. Recently the WTP
per gained QALY was estimated at about SEK 160,000, which may be interpreted
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as a lower bound for the WTP per gained QALY (30). Using this lower bound and
comparing it with the costs per gained QALY as estimated in TAble 1, one conclu-
sion is that estrogen-only therapy is cost-effective for women at the age of 50 years
if the assumed risk reduction of CHD amounts to 50%.

The life expectancy calculated from the model is 31.9 years for a woman at the
age of 50 years, which is near the expected survival of 32.3 years extracted from
Swedish populations (24). The model predicts a lifetime risk of having CHD of
25.6%. The predicted lifetime risks of hip fractures and breast cancer are 16.4 and
7.3%, respectively (27).

CONCLUSION

The model, constructed to be as general and flexible as possible theoretically may
be used for any population. However, the default data used for the model in
empirical applications are assumed to be valid only for Swedish populations. To
make accurate conclusions using the model in other countries, the data must be
valid for the specific setting to which the model is applied. Below, opportunities
and data needs for extending the model to other countries are discussed.

Direct and indirect costs must be determined for each country subject to anal-
ysis. Using Swedish cost data, multiplied with an appropriate exchange rate, implic-
itly assumes that the absolute and relative price level is the same as in Sweden. It
also assumes that medical and social care patterns are equivalent. These are very
strong assumptions and can only be recommended as a preliminary analysis. Ideally,
country-specific costs should be collected. Yearly direct intervention costs, including
the costs of pharmaceuticals and physician visits as well as time and traveling costs,
can be estimated empirically by following patients during a year of treatment.

Direct and indirect disease costs must be collected for the first 12 months
following an event and for the second and following years. Direct morbidity costs
are interpreted as the extra costs of the disease compared with no disease occurrence
and can be estimated by, for example, subtracting the costs during 1 year before a
disease event from the costs during 1 year after the disease event (33). Another
alternative is to estimate the costs without the disease by using a matched cohort.
The direct costs include all costs associated with the treatment during the initial
hospital stay, as well as rehabilitation in aftercare. Indirect morbidity costs can be
estimated by subtracting the production value the year after disease onset from its
value the year prior to disease.

Quality-of-life weights may differ between countries, and the data should be
based on empirical studies. Different methods exist for estimating the quality-of-
life weights (6). For example, the rating scale, time trade-off, and standard gamble
methods are commonly used to estimate weights to construct QALYs.

The risk of disease may differ between countries and should be based on
country-specific data. The model permits the default values to be changed for the
estimated parameters in the risk equations. With these changes, it is then possible
to estimate country-specific risk equations for the same risk factors and use these
parameter estimates in the model. The risk of breast cancer and hip fractures
may be estimated using country-specific incidence data. In the absence of such
epidemiological data in Sweden at the moment, the risk equation of CHD is ex-
tracted from the Framingham Study; whether the results of this study can be extrapo-
lated to other populations is uncertain. One alternative to verify whether the results
are applicable is to compare them with incidence data. Instead of using the risk
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equations, tabulations may be used. Data on mortality after disease events should
be based on country-specific empirical studies. Mortality data is referring to the
first year and subsequent years after an event. General mortality may be estimated
from national registers involving statistics of mortality rates from the general popu-
lation.

The model in its original setting evaluates a treatment compared with a baseline
alternative (i.e., no treatment). However, the model also permits comparisons be-
tween two or more treatments for a given population. The incremental CE ratios
between these alternatives must then be calculated. This is made by first calculating
the change in costs and effects for the treatments separately; (for example, the case
of two treatments (1 and 2), calculate (C1 - C0) and E1 2 E0) for treatment 1
compared with the baseline alternative (0) and then calculate (C2 2 C0) for treatment
2 compared with the baseline alternative).

The marginal CE ratio for treatments 1 and 2 is calculated as:

(C2 2 C0) 2 (C1 2 C0)
(E2 2 E0) 2 (E1 2 E0)

5
C2 2 C1

E2 2 E1

(4)

Adherence is the extent to which the patient follows a physician’s treatment recom-
mendations. Nonadherence is present if the patient does not follow these recommen-
dations and may be one of two types. First, the patient may not buy the drug the
physician has prescribed such that no costs or effects associated with the treatment
are present. Second, the patient may buy the drug, but diverge from the physician’s
recommendations, in which case costs for the drug are incurred and only a fraction
of the full effect (or no effect) from using the drug is incurred. The second definition
of nonadherence necessitates information about how the drug’s effect is altered by
nonadherence. Note that this type of adherence should be reflected in the estimates
of the costs and effects used such that estimates of costs and effects in a clinical
trial are based on actual adherence within the trial. To analyze the effect of adher-
ence, which differs from adherence within the trial, this necessitates information
on how to adjust the effects.

To illustrate the model, the cost-effectiveness of HRT in Sweden was calculated
for a hypothetical cohort of asymptomatic women. The analysis was mainly based
on Swedish data for risks, mortality, quality of life, and costs. It is shown that the
model produces similar results compared with earlier studies. However, uncertainty
surrounding the long-term effects of HRT means that the CE estimates should be
interpreted carefully. Further, the risk and mortality of CHD is based upon a U.S.
population, which may not be representative of a Swedish setting. The model can
be improved by including newer and better data as they become available. A matter
for future research is to investigate the possibility of improving the data quality and
whether the results based on the Framingham study are applicable to Swedish
settings.

NOTES
1 Unless otherwise indicated, HRT refers both to estrogen-only therapy and estrogen

combined with a progestin.
2 For a more thorough presentation of the model and the menus, see Zethraeus et al. (32).
3 Coronary insufficiency or unstable angina pectoris can be used interchangeably.
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