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Introduction and general description of the
DYNAMO-HIA Model

This document describes in detail the calculattbas are carried out in the DYNAMO-HIA model. This
document assumes that the reader is already familia the general aim and design of the DYNAMO-
HIA -model. For a general introduction, we refeltachimi et al.[1]. and the DYNAMO-HIA user

manual, and for a more concise description of the catmiamethods to Boshuizen et al.[2].

The DYNAMO-HIA model is in the form of a “partiathicro-simulation model. The modelling takes

place in the following steps:

1. Aninitial population of individuals is generatdihsed on the risk factor exposure data that are
given to the model, like percentage of smokererdistribution of BMI. Also the probability of
disease is calculated for each simulated individu#iis initial population, based on the data on
disease prevalence rates that are given to thelmode

2. The risk factor histories of these individuals siraulated over time (simulation module), both in
the current situation (business-as-usual scenahimh we will further call theeference

scenarig, and under one or more policy scenarios (furtefarred to aglternative scenarios.

3. From these risk factor histories, and the diseaskeabilities in the initial state, the probabilitie
on diseases and mortality for each simulated iddiai during simulated time are calculated, both

in the current situation, and under the policy sciers.

We call this partial micro-simulation because misihmulation is used to generate risk factor histrbut
not for generating disease histories. The proliggslof disease of each individual are calculatgdgu
deterministic methods. This choice is made bececsgences on diseases are often small, so large
numbers of simulated persons would be neededduoffmiently accurate simulation. Within the Dynamo

model, therefore, using deterministic calculatiohdisease probabilities is more efficient.

Both the simulation of risk factor histories and tralculation of disease probabilities is based on
Markov Model. A Markov Model is described by stataisd transition probabilities between states.
Chapter 2 will describe the states used in the inedle chapter 3 will describe the transitionesthat

are used and the way the parameters of thesetinansites are estimated from the input data. Grajpt
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will describe the generation of the initial popidatfor the simulation, chapter 5 the simulatiomg a
chapter 6 the post-processing calculations, in wthie results from the simulated population arel tise
calculate 1) the number of persons in the real jadiom with and without diseases, and 2) integrated
measures as life expectancies, DALEs and life éapetes without disease.

RIVM technical report EMI/STATMOD/201001 5



2

Description of the model states

The state of an individual in the DYNAMO-HIA modsldetermined by the (joint) value of the following

characteristics:
1. Age
2. Gender

3. Risk factor status

The risk factor in the model can be one of thremo

0 Avrrisk factor with a continuous distribution (farstance BMI). In this case the model
needs the following input: the shape of the distitn (normal or lognormal), mean of
the distribution, the standard deviation of theritigtion and in case of the lognormal
distribution also the skewness of the distributdfe will further call thiscontinuous
risk factor .

0 Avrrisk factor in classes (for instance: smokeifer smokers / never smokers). In this
case the model needs as input: the percentagelinckss. A maximum of 10 classes
can be entered in the program. We will further tiaifl categoricalrisk factor.

0 Avrrisk factor in classes (as above), but withaldition that for one class also the
duration of being in this class is of interest (fstance in case of smoking the duration
of having stopped smoking is of interest). We wWutther call thiscompound risk
factor. At the start of simulation the duration can hthevalues 0 to 19.

Only one of these risk factor types can be enterélde model. However, the user could use the 4€sels
available to define “combination risk factors” likemoking alcohol drinkers”, “non smoking alcohol

drinkers” “smoking abstainers” and “non-smokingtabgers” .

4. Disease probabilities
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The disease states in the underlying conceptuaéhiodeach disease are either 0 (disease notrjese
1 (disease present). In the DYNAMO-HIA model, hoag\the “state”, that is, the value stored during
simulation for this variable is not the absenceresence of disease, but the probability of haging
disease. This approach, using probabilities, ifepred over the method in which an explicit disestsge
is simulated for each person, as many diseasearaeso extremely large numbers of persons nebkd to

simulated to obtain sufficient precision.
We will used the following terminology with regatal diseases:

Independent diseases

With independent we mean that the incidence oftldéseases does not depend on the presence or

absence of other diseases, given the risk facstoryi (conditional independence).

Dependent diseases

These diseases can depend on the presence/abtandatermediate disease (but in the DYNAMO-HIA

model they may not depend on the presence/abséacether dependent disease)

Intermediate diseases or causal disease

This are independent diseases that are themsefisdsfactor for a dependent disease: such a dideas
an intermediate role in the causal pathway betwis&rfactors and the dependent disease. In the
DYNAMO_-HIA model a dependent disease can not bmemmediate disease, but it can have several

dependent diseases. In other words, the causabrietf/diseases can only have two layers.

The diseases will be assigneditsease clustersA dependent disease is always in the same clasttre
intermediate diseases that are its risk factodependent diseases that are not intermediate dséam
a cluster of one (also referred to sisigle diseasgp

For each disease cluster, a person’s state wilhbeacterized by the set of probabilities of havéagh
possible combination of diseases within the clugenditional on being still alive). For instanae case
of a cluster with diseases A, B, and C, the pevsitirbe characterized by the probability of havimg
disease, of having disease A only, of having dis@&enly, of having disease C only, of having both
disease A and B, of having both disease A and Gawihg both disease B and C and of having alkthre

diseases (A, B, and C). In the case of an indepdrdisease that is not an intermediate diseadegter
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of one), this will simply be the probability of hiag this disease (conditional on being alive), ot n
having this disease. As is shown in Boshuizen.E&]athe overall probability of all combination$ all

diseases can be calculated by multiplying the goitiias from the different clusters.

This can also be seen as constructing a multi-stati&ble for a group persons that have the saske

factor history as the simulated person.

Furthermore, for diseases for which the user sigscif cured fractiofan option added for better
simulation of cancers) the probability of diseassdparated in a “cured” fraction and a fractiat th
time will die of the cancer. The cured fractioragsumed to be independent of risk factor stattiseor
presence of other diseases.

Another option is to define a “fatal Incidence’nmdel diseases that have an elevated mortality aifjér

contracting the disease (e.g. stroke) but afteresiomme a lower constant excess mortality.

5. Survival probability

Like for diseases, mortality can be a rare evensdmne ages and thus simulation is inefficient.réfoeze
for each person at each moment in time, the dtatad kept track of in the simulation is the suaVi

probability.
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3.1

Estimation of transition rates and occupancy rate®f

the initial population

General overview

During simulation, the value of the four types b&racteristics (age, risk factor, disease proligpili
survival probability) is updated at one year intdsv The characteristic sex is constant, so it doéseed
updating. The basis for the update are the transitites between the states of the underlying Marko
model. With the underlying Markov model we meanNerkov model that has age, gender, risk factor
state, disease state and survival state as iesstather than age, gender, risk factor stateadés

probability and survival probability. The underlgiMarkov Model has the following transitions:

- transitions of age (simply implying that age in@egawith one year at each update)
- transition rates between different risk factorestat
- transition rates from not having disease A to hgdisease A

- transition rates from being alive to being dead

Note that no transition rate is included from hgvihe disease to not having the disease, so thelmod

does not allow for remission.

3.1.1 Converting transition rates into transition probabilities

The time-step used in the Dynamo model is 1 yd#rgagh in principle it could have been any other
period. Most input to the DYNAMO-HIA model is ingiform of transition rates (for instance, disease
incidence and mortality), where a rate is the ckangn infinitely small time period. When updatihg
characteristics of each simulated person, all itiangates have to be converted into 1-year ttaorsi
probabilities. Exceptions are the transitions betwesk factor states, where the model expectsyeae-

transition probabilities as input rather than tiams rates, and age, where no user input is requir
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If only transitions out of a state are possibleynvaysion from rates to 1 year probabilities camlbee by

using the formula:
P(1 year)= 1-&*vear 1)

where P( 1 year) is the 1 year transition probtalnd rate is the transition rate. However, iresaghere
there are also transitions into the state, thimgsrere complicated.

A full analytical solution can be calculated by:
P:eﬁ*timestep (2)

where P is the matrix of transition probabilities for tetates involved and is a matrix of transition

rates.

Calculating a matrix exponential is an old numédritellenge[3]. Gallivan and others suggested an
algorithm specifically for this type of models[4)YNAMO-HIA uses the latter algorithm to solve the

equation above.

Furthermore, the computer time required for catindpa matrix exponential increases exponentiaitp w
the size of the matrixes involved. In DYNAMO-HIA endo not include risk factors as a state in thigty
of calculation, but repeat the calculations forreask factor state separately, as this makes itiefinof
risk factors and especially of risk factor histeriauch more flexible. However, the size of the irattill
doubles with every disease added to the modekderdo keep both the dimension of the matrix small
and the calculations transparent, DYNAMO-HIA does earry out calculations for the entire disease-
space, but divides the transition matrix in seditrat can be updated independently: Groups oaskse
that are independent of other diseases (conditmmaisk factor statuspisease clustersare updated as a
group, and calculation of the transition matriypéformed within this group. The updates of theedse
states per cluster, and the survival due to mtytathm other causes of death (that is, from dissamt
included in the model) can be used to calculateysdisease state, as well as the overall surviveheh
moment in time. A more detailed description andjtiséification of this approach can be found in the
technical paper describing DYNAMO-HIA[2].
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3.1.2 Overview of transition rates in the model

Table 1describes the transition rates in the DYNAMO-HIAdel. The equations given for the transition
rates in this table contain constants such as linasecidence”. We will further refer to these stants as

(model)parameters Some of these constants have to be given bysies (like relative risks on diseases)

and are used directly as given, while others adulzded in a parameter estimation module frommothe
data given by the user. In section 3.3 we willodiée the way in which we estimate these parameters

from the input data.

The element “RR(riskfactor)” in table 1 standsddunction that differs for different types of ttisk
factors. For the categorical risk factors RR(riskfia) is equal to the values given in the input. the

other types of risk factors they are calculatetbbsws:
Continuous risk factors:
RR(risk-value)=RR(per unffj*value - reference value) (3)

Here the reference value is an arbitrary levehefrisk factor for which the RR is set to 1. Therusan

chose this value. However, choosing a differergrefce value does not influence results.

Compound risk factors:
For the classes without a duration value: RR(risikfig is given directly by the user (in the same/ as

for the categorical risk factor) and for the pgartar class that models duration:

RR= RRun¢+(RRuegirRRendeXp(- alpha *duration in years) (4)
Here
RRenq ( relative risk at the end of the duratjon

RRuegin (relative risk at the beginning of the duraticemd

alpha ( steepness parameter for the decline) todve given directly by the user.
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Table 1: transition rates in the DYNAMO-HIA model of person i. All transition rate formulas are
on the level of the individual, so all probabilities refer to the probability for this individual, not to
population probabilities

Type of

transition

Quantification of this transition rate

Risk factor state
- other risk

factor state

Categorical: Given by useor calculated from input prevalence of the riskétda assuming
that risk factor prevalence over age groups doeshrange in time (see 3.3.5).
For compound variables, the duration in the duratiass is increase by 1 year at each tin

step, for the none duration classes like above

ne

Continuous (normally distributédt new value = old valug+ drift + stdDrift*s , with

Drift =: either user specified or calculated frompiit prevalence of the risk factor assumin
that risk factor prevalence over age groups doéeshrange in time (see 3.3.5).

stdDrift = calculated from input prevalence of tiek factor assuming that the increase in
variance of the risk factor prevalence over agegsaloes not change in time (see 3.3.5).

e =randomly drawn value from a standard Normstridution

Without disease
- with disease
(independent

diseases)

Baseline incidence , * RR (riskfactor ;).

RR, (riskfactor ;) = relative risk on diseased dueto risk factor status
Baseline incidence ; =incidencerateof diseasedin those

with RR d(riskfacto ri) =1

d =index of diseas

Without disease

->with disease

Baselineincidence, * RR, (riskfactor,) * Zm P (combi) RR; (combi).

RR, (combi) = relativerisk ondiseas@ of aparticularcombinatiom of intermeditediseases

(dependent RP(combi) = probabiliy of thecombinatim of intermedigedisease
diseases) combi =indexof eachpossiblecombinatim® of intermedisediseases
- death

RR (riskfactor;) * Baseline other mortality + z AM (d)P,; (d)
d

+ > {RR ,(riskfacta) > RR, (combi)BalineF (d)}

combi

RR, (riskfactor;) = relativerisk on othermortality dueto risk factorstatus
Baselineothermortality = Othermortality ratein thosewith RR (riskfactor,) =1

AM (d) = Mortality attributabe to diseaseal (Attributable Mortality)

P.i(d) =probability of havingdiseased (excludingcuredfraction)

Baseline~(d) = Acutelyfatalincidencerateof diseasel (Fatal) for thosewith RR(riskfador;) =1

1) Here the input asked or calculated is not ttemrsiates, but one-yeatransition probabilities. This means that the
conversion from rates to one-year probabilitiesdsnecessary

2) For lognormal distributed risk factors, see 3.3.5

3) including the combination “having none of theadises”
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3.2

The mortality as defined in table 1 can accommottate disease-mortality processes:

1. For a_chronic diseaséor which the excess mortality (defined as tHéedénce in mortality rate
between those with the disease and those witheudifiease) only depends on age and gender, but
not on how long one has the disease (baselineF(d)=0

2. For a_partly acutely fatal diseagehis are diseases (like myocardial infarctiorswoke) that occur

as a distinct event, that has a very high mortaditg immediately after the event, while those who
survive this critical period have a lower mortaligythough still higher than the general population
The excess mortality rate after the critical peride the excess mortality in the first disease

process, depends only on age and gender, and tio¢ @luration of the disease (baselineF(d)>0)..

3. For a_disease with a cured fractionwhich the excess mortality is zero in a parthaf patients

(cured fraction), while the excess mortality doesdepend on duration of disease in the others
(Which is equivalent to assuming an exponentialisat model with a cured fraction). As the part
of the patients that are “cured” can only be idesdiin retrospect (after all patients that have no
been cured have died), it is not realistic to mddeted” with remission as with chronic diseases it
is not known that they are cured but only a mdstdhat does not differ from non-diseases is
observed. Hence,these diseases are modelled bdiregéhem as two separate diseases, and
putting Am(d) to zero for the cured disease. Comtxims of fatal fractions and cured fractions are
not allowed in the DYNAMO model.

Estimation of disease probabilities in the inipalpulation

Before giving the methods used to estimate thenpeters of the transition rates between statesijrate f
describe the methods used to estimate the diseaxgalgnce rates in the initial population, as trerse

used to estimate several of these parameters.

The input of the model consists of disease preealem the population level. These should be tréela
into prevalence rates at the individual level. Fstance, the model input consists of the prevaeic
diabetes, and the prevalence of coronary hearasisen the population level. To generate an initial
population, one has to know also the prevalendewing diabetes and coronary heart disease
simultaneous, and also how the prevalence ratdseses are related to the risk factors in theeinod

This needs to be known before starting the estomaidf the model parameters (the parameters of the
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transition rates), because several estimation groes assume that the prevalence rate of diseadag o

individual level is known.

The individual prevalence rates can not be infefrech the input data as given by the user to the
DYNAMO-HIA model without further assumptions. Here will throughout make the assumption that
the prevalence odds ratio of a disease in two gragipqual to the ratio of the incidence ratethisf
disease in those groups[5, 6]. This is only truthancase that incidence relative risks and excestality
are constant (do not depend on age within the gé¢hiat a disease lasts), which clearly will notata/be
the case. However, we believe this assumption guperior to the assumption of independence, wikich

implicitly used in many other models.

Secondly, for cancers the prevalence needs tolibénsihe prevalence of “cured” patients, and reumed

patients.

3.2.1 Splitting the cancer prevalence into “cured” and “non-cured” prevalence

For cancers the prevalence needs to be split iprinalence of “cured” patients, and non-curedepési
In a period with constant incidence and a diseaf®ut excess mortality (as cured cancer), theiogla

between the prevalence at agand at age, tis:

p(t;) = p(t)(L-e ) (5)

One option is to use this formula to calculatepghevalence of cured patients at age t+1 from the
prevalence at age t, using as incidence at thathegiecidence times the cured fraction, startingge 0
with a prevalence of 0.

This method assumes that there are no cohort effiecteality, however, it might be the case, due t
medical advances, that the current “cured fractisriérger as it was in the past. In that caserttdthod
implies that a percentage of cured cases is usdtidgast that is too large. This then meansattiab
large part of the current prevalent cases is censiticured, and as cured patients will remain ghpart
from being subject to general mortality) during slation, the projected prevalence rates will behigh.
The second option is to calculate the prevalencwofcured patients at age t+p({+ 1) )from the
prevalence of non-cured patients at ag#t) § and the incidence of non-cured cancer inc(ipédence *

(1-cured fraction)) using:
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t+1) = (POMO = Inc(t))e"™ ™ + Inc(t)(1- p(t))
(P(OM (1) - Inc(t))e"™ ™ + M (t)(L- p(t))

p(
(6)

whereM(t) is the excess mortality rate at age t in thogk (mon-cured) cancer amhdc(t) the incidence at

age t. M(t) is given by the user, or it is calcathfrom the median survival.

This approach is less sensitive to cohort effestha first option, as only cohort effects durihg tdying
period” after incidence are relevant. For most easithe median survival time in those not cured is
relatively short, so cohort effects will play ordylimited role. We therefore implemented the second
method in the DYNAMO-HIA model.

3.2.2 Calculating excess mortality rate from median surial

To calculate the excess mortality r&4ét) from the median survival, we assume that for igbdst age
class in the model (95+) M(t) can be calculated as:

In(2)
medianSurvival @)

M (t) =

Once M(t) is know for a range of ages up to thénbgj age, it can be found for the next lower age by
solving the equation:

e—M (t+int( medianSurvival (t))* mod( medianSurvival (t)) rl s=t+int (medianSurv ival (t)_le—M (s) — 050 @8)

s=t

where int(T) is the integer part of T, and mod({@ hon-integer part. Example: int(2.34)= 2 and
mod(2.34)=0.34.

In cases wherBI(t) changes very fast with age, it is possible thigtélquation has no solution.

In that case the following error message is givanedian survival rates for age X and sex {0/1} for
disease {diseaseName} are inconsistent with the mesdiavival at the next higher age groups. Please

check the data and make sure that survival doedewvease abruptly over age".
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3.2.3 Calculating the probability of disease in an indivdual

As all input in the DYNAMO-HIA model is specifiedytage and gender, all calculations are carried out
separately for each combination of age and gem@erclarity, however, we will leave out age anddgmn
indexes in all the following descriptions.

The general approach here is that the prevalend® @a disease in an individual can be calculated as
relative risk times a baseline prevalence oddshair disease, making the assumption that the preval
odds ratio of a disease in two groups is equdiéaatio of incidences rates of that disease isgho
groupsl5, 6]. The ratio of the incidence ratestheerelative risks that are given by the user. Bdeline
prevalence odds can be calculated by constraihmgterall prevalence rate in the population (datedl
by using this baseline odds for each individual tivah averaging over the population), to be equ#ie
input prevalence rate (as given by the user). apoach is based on that used in the RIVM chronic
diseases model[7]. However, in that case the agsoumip that the ratio of probabilities rather thae

odds is equal to the ratio of incidence ratios.

Calculation of prevalence odds for independentadiss:

Sep 1:finding an initial estimate
Find an initial estimate by assuming that the plenee relative risk in each risk factor group isi@cdgo

the incidence relative risk, and then calculatasebne prevalence rate which is used as an ieii@nate

for an iterative procedure to find the baselinevptence odds:
Baseline odds(d ) = RRmean(d )/odds(d) 9)

To do so, we first calculate the mean relative nisthe population, and from that the baseline alece

rate.

The mean relative risk in the population is caltedaas:

For categorical risk factors:
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For each disease:

RRmean =) RR P(c) (10)

where P(c) is the proportion of the population hguilass c of the risk factor and RR the relative risk

on the disease for this class.
For compound riskfactor

Generate a sample of 19#persons (20 persons in the class which has 2Qidi@ategories (<1 year, 1-
2 years,....,19 years and more) andlNh the other classes). Calculate the propowtittme population in
each of these categories P(duration) using theaigir prevalence and the distribution of the dara

part of the compound risk factor as given by ther u€alculate the relative risk in each duraticassl
RRi(duration)= RR¢+(RRyegirRRendeXp(- beta *duration)

where i is an index for each simulated person,tduras the value of the duration (0 for <1 yeafod 1-

2 year, 19 for 19 years or more).

Then
RRmean= > RRP(c)+ > P(duration)RR (duration) (11)

c#durationClass

where P(c) is the proportion in class ¢, P(duratisithe probability of being in the duration clagith the
particular duration, RRhe relative risk in class ¢ and RRi(durationthis relative risk for subject i based

on the duration given above.
For continuousrisk factors:

Generate a sample of Nsim persons following thigilligion of the risk factor. Nsim is equal to the
number of simulated persons in the simulated pdijpnidas given by the user). However, in the
parameter-estimation module this is increased in@ase a lower number was given.

To generate such a sample for a continuous rigkrfaze use the mean, standard deviation and skeswvne

of the risk factor given as input values.
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For the normadlistribution, mean and standard deviation defireertormal distribution and skewness is

zero. If skewness is non zero, and a normal digich has be specified, the distribution is assutodak
log-normal. In that case a warning is written te kbg file stating:

"normal distribution asked, but as skewness iqatl to zero, lognormal distribution is used".

In the reverse case, where a log-normal distribusespecified, but for all ages the skewnessiig, ze
normal distribution is used, and a the followingmmg is written to the log file:

"log-normal distribution asked, but as all skewr@®szero, normal distribution is used"

For the_lognormatiistribution we have:
mean = exp(u + 050°7)
variance =[exp(c?) —1]expRu +c?) (12-14)

skewness =[exp(@?) +2]\/expe?) -1

From the skewness we can calculate the parameteen fromo and the input variance we can calculate
p and from that the mean. This is the mean foganlormal distribution starting at value 0. Howevar,
our case we might want to use a lognormal distidinustarting at a higher value (for instance, BMIl w
never have value 0, but will be at least 10). Sodifference between the mean as given by theamser
the mean calculated from the variance and skewmildse used as an offset value for the mean, ithat

the value at which the log-normal distribution vsitart.

Generating the sample of nSim persons with a coatis risk factor value R(i) will be done using the

following algorithm:
For i=1 to Nsim generate Z(i)= (i-0.5)/Nsim
Calculate R())=F" (Z(i)), where F* be the inverse of the cumulative probability fimctof the risk

factor distribution (normal or log-normal)
% Calculate RRas RRERR(per unitf:0) - reference value)

And then

1
RR =——>»R
mean NS Z R (15)
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Sep 2: calculate probability of the disease given the baseline odds

From the trial baseline odds value calculate fahedass or simulated person:

RR. (d) * Baseline odds(d)

P.(d]c)= :

RR, (d) * Baseline odds(d) +1 (16)
or
P(d]i)= RR (d) * Basdline odds(d)

RR (d) * Baseline odds(d) +1 (17)
Sep 3: make overall prevalence equal to the sum of the simulated probabilities

Find the value of the baseline odds that givesd&egorical, compound and continuous risk factors,

respectively):

P(d) =Y P.(d)p(c)
P(d) = D" P(d)P(0) + D, ion Prraiion (d) P(dluration) (18-20)

P(d) :ﬁzi P (d)

using the Newton-Raphson algorithm, and where B(tle population prevalence of disease d as given

by the user.

Calculation of baseline odds for dependent diseases
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The procedure to calculate the baseline odds &methliseases is largely the same as for independent
diseases, only the relative risks for a simulatedig of person are calculated differently, as timerst

include also the dependency on the intermediatades

To include this dependency, we need the prevalehtie intermediate disease as a function of &skdr
levels. For these, we will use the same approxonas above, namely that for each disease the

prevalence odds ratio’s are equal to the incideateratio’s.

The odds of an intermediate diseasgsdn be calculated from the baseline odds,pfdd the relative
risks.
For a class risk factor or a compound risk factandre ¢ here and further on will include each défe

length of stay in the duration class as a sepatass) this is:

P(dim | C) = Odds(dint ,C) /(Odds(dint | C) + 1) = (21)

baselineOdds(d,, )RR, (d.., ) /(baselineOdds(d.., )RR, (d. ) +1)
and for a continuous risk factor this is:
[1)+1) =

P(d,y |i) = Ocls(d,, |1} /(Ods(d,, 22
baselineOdds(dl, )RR (0, ) /(baselineOdds(d,, )RR (d) +1) 2

For each disease calculate a trial value of thegbeace odds by calculating RRmean as:

For categorical and compound risk factors:

RRmean = | RR, (dep)P(C)[ ] [ P(diy, [©)(RRy iy (dep) —1) +1] (23)

dint
where P(c) is the proportion of the population hguilass c of the risk factor and Rékep) is the relative
risk on the particular dependent disease for thiss¢ ¢ are the indexes for the relevalent intermediate
diseases, RRdn) is the relative risk on the intermediate disedgdor this class, and RR(dep) is the

relative risk of the intermediate disease on thgeddent disease.

For continuous risk factors:
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Use the sample of nSim persons as generate above.

Then calculate for each disease:

1 . B
RRmean = ﬁz RR[]IP(din [1)(RRyiy (dep) —1) +1] (24)

dint

The trial version of the baseline odds can be tatled from this RRmean again using
Basdline odds(d ) = RRmean(d )/ P(d)

where P(d) is the population prevalence of theadiseas given by the user.

Once a baseline odds is known, we can calculatedon class or simulated person the probabilitgt on
(P(d|c) or P(d]i) depending on the type of riskdgchy averaging the probability on d given each
particular combination of intermediate diseaseg,j (thus weighting by the probability of the

combination of diseases):

& &2 RR,*RR(d)* basdlineoddgd) ™ . .
P(d|C)_hZ:OJZZ:0 anz‘f)RR;s*RR(d)*basellna)ddE(d)+ln|:!P(dm Jm)R&ls(dldm Jm)

(25)
where
P(d_=1)= RR.(d,,) * Baseline odds(d,,)
" RR.(d,,) * Basdline odds(d,,) +1 (26)
P(d_ =0)=1- RR,(d,) * Basdline odds(d,,)
RR.(d,) * Basdline odds(d,,) +1 27)
RR;. = []RR(]d, = J,) o8

m=

RRyis(d|d=1) is the relative risk on disease d for someoitle disease delative to someone without, d

RRyis(d|d=0)=1.
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For a continuous risk factor the same applies, gingrthe index c to i.

Then the Newton-Raphson algorithm is again appbesstimate the baseline odds ratio that yieldkén

simulated population exactly the input populatioevalence.

Estimation of the parameters of the transitiongate

In the equations in table 1, the probability tefnare values for an individual at a particular motrien
time: these probabilities are stored during sinoitaas the “DYNAMO state values” of the simulated
individuals. The RR(risk factor) values are cadtetl from the risk factor state, as given on pdgeid
other terms, as well as the RR values necessasi¢alate RR(risk factor) arenodel parameters.The
model assumes that the modell parameters are nbost time, but can differ by (attained) age and
gender. The model parameters have to be supplig toentral core of the model, that uses them to

calculate the transition rates (using the equatiiven in table 1).

Table 2 show the parameters of the transition rdties model parameters “relative risks on diseaagd”
(if user-specified) “transition rates of the rigicfor” are directly derived from input given by theer. The
other model parameters (Baseline incidence ratesgliie other mortality rates and Baseline fatsgaée
rates, the relative risks for other mortality, #tibutable mortality rates, non user-specifiest factor
transition rates, drift of the risk factor variatiand offset, and non-user-specified risk factdt)dreed to
be estimated first. Below we will describe therastion of each of those parameter.

All data are specified by age and gender. Therdfegestimation is also performed by age and gender

We will omit these in the description to simplifgtation.
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Table 2: Parameters of the transition rates

Type of transition rate

Parameter

Calculated from

Risk factor

Transition probability (given)

Given iaput

Transition probability
(calculated)

Risk factor prevalence rates, RR
for all cause mortality
Baseline all cause mortality

meanDrift, stdDrift
offSetDrift
(continuous risk factor)

User specified drift (optional), Ris
factor mean, standard deviation g
skewness, RR for all cause
mortality

Baseline all cause mortality

Without disease — with
disease
(independent diseases)

RR(riskfactor)

Given in input (categorical risk
factors) or calculated from input
RR information and current risk
factor status. See page 11

Baseline incidence

Prevalence of risk factor
Relative risks for risk factor, see
page 11

Without disease — with
disease
(dependent diseases)

RR(riskfactor)

Given in input (categorical risk
factors) or calculated from input
RR information and current risk
factor status,
see page 11

Baseline incidence

Prevalence of risk factor
Relative risks for risk factor (page
11)

Prevalence of intermediate diseas
Relative risks on intermediate
disease for risk factor

RRqd

Given as input

To death

AM

RRs all cause mortality, all cause

mortality rate, disease prevalence
rates, cured fractions, fraction of
acutely fatal disease, relative risk
on diseases, relative risk of
intermediate disease on other
diseases

RRoc

Same as for AM

Baseline other cause mortality

Same as for AM

RRy(riskfactor)

Given in input (categorical risk
factors) or calculated from input
RR information and current risk
factor status.

e

nd

b

A

D

Baseline FD

Same as for baseline incidence

blus

the percentage acutely fatal diseg

se
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3.3.1 Estimation of baseline incidence rates

The baseline incidence rates is calculated as:

incid
baseline incidence = incidence (29)
RRmeanlnHealthy

where incidence is the population incidence ratgiaen by the user, and RRmeaninHealthy is the

average relative risk in the population without theease.

Calculation of RRmeaninHealthy is largely equivalenthe calculation of the RRmean that is given
before in section 3.2. The only difference is ihatdence rates only apply to those persons whoado
have the disease (as those who already have #@sdisire no longer at risk to get the disease¢hes@R

in these persons is 0.

We will use the symbols RRRR, P(d|c), and P(d|i) as before. P(d|c), and P{ixalculated as
described in section 3.2.3.

For diseases with cured fraction, the healthy patmn are those without either the cured or the-cumed

form of the disease.

Calculation of RRmeanlInHealthy for independent akss:

For categorical and compound risk factors:

For each disease:

1
].——P(d); @-P(d |c))RR.P(c) (30)

where P(c) is the proportion of the population hguilass c of the risk factor and RR the relative risk

RRmean =

on the disease for this class. For the compoukdaigor, the classes ¢ here include a separads fha

each length of stay in the duration class (up tgeds).
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For continuous risk factors:

Again use nSim simulated persons from the contisuisk factor distribution
Then calculate for each disease:

1
RRmean = - P)Em 2(1 P(d|i))RR (31)

where i is an index for each simulated person

Calculation of RRmean for dependent diseases:

For categorical/ compound risk factors:

For each disease:

RRmean = ( a2 o 2. A= P(d [0))RR (dep) P(O)[ ] [P(diy, [0)(RRyy (dep) =1) +1](32)

where P(c) is the proportion of the population hguilass c of the risk factor and Rékep) is the relative
risk on the particular dependent disease for thissg ¢ are the indexes for the relevalent intermediate
diseases, Rii) is the relative risk on the intermediate diseggdor this class, RR.{(dep) is the
relative risk of the intermediate disease on th@eddent disease.

For continuous risk factors:

Calculate for each disease:

RRmean == oo S 3 4= P )RR [ P( s 11)(RRys (dP) =D +1] (33

where RR(dep) is the relative risk on the particular degamdlisease for the simulated persop,ace the

indexes for the relevalent intermediate disea$d’(d;.) is the relative risk on the intermediate disease
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dirt for this person and RR(dep) is the relative risk of the intermediate diseas¢hendependent

disease.

3.3.2 Estimation of baseline fatal disease rates

Basically the idea is to split disease incidencaidence of acutely fatal disease and incideriadmnic
disease (fatal and non-fatal incidence). Note ttwincidence of chronic disease applies only é@¢hnot
yet having the disease, while fatal incidence agwplen also in those already having the disease. In
principle fatal and non-fatal diseases can havereift relative risks, but we will assume them¢oelgual
here. This is merely because of lack of data,@s & modelling point of view separate relative siskuld
have been incorporated just as easily, providetdtiigaright incidences and case-fatality ratesaige

available.

The input asked for by the model is the fatal fmactthe percentage of incidence (both first aredineent
events) that is fatal. We will assume in our imptemtation that total fatal incidence is equal taltot
incidence times a fatal fraction, while non-fatadidence is equal to incidence times (1-fataligcfion),
thus ignoring the differences in populations dt.ris

This approximation will mean that during simulatitiwse who already have the disease will get atyjig
higher incidence of fatal disease than those witttweidisease, because the former will have highler
factor levels. This is probably more realistic assgual overall incidence of fatal disease. Otipdioas

for calculation are be possible, but not warramfiedn the large uncertainties in the data.

After having split the overall incidence in a faitatidence and a non-fatal incidence, the baselore
fatal incidence rate is estimated in the same \gah@ baseline incidence rates for the other déseashe

fatal incidence is calculated as:

basdline fatal incidence = -2 Inddence (34)
RRmean

where RRmean is calculated in the same way asfdoralculating the initial estimate for the presate

odds ratio in section 3.2.3, using RRmean insté&RmeaninHealthy
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3.3.3 Estimation of attributable mortality rates and other cause mortality

The input of the DYNAMO-HIA model is the excess itadity rate of each disease, as given by for
instance the DISMOD program. This rate is defingthe difference of the mortality rate in thosehwitie
disease, and in those without the disease. Inabe of cancers, median survival for the populatia

dies of the cancer can be given instead.

The model uses the method used in the RIVM CDM (toween et al 2009) to recalculates these excess

mortality rates into attributable mortality ratesdemoving mortality due to excess comorbidity tisat
already accounted for elsewhere in the model,ishat
= the comorbidity due to the fact that diseases [anaslelled) risk factors in common

= the comorbidity due to the presence of a depertisaase

If diseases are independent, there is no excessrbality, and attributable mortality has only to be

adjusted for the effects of common risk factors.

Below we will give the procedure that is used tineste the attributable mortality and mortality doe

other causes. Like elsewhere, this procedure iegpfor each age and gender group separately.

Input to this procedure are:
1. excess mortality
2. all cause mortality
3. relative risks on all cause mortality for the riaktor
4. the distribution of diseases and disease combimationditional on risk factors in the population,
that can be calculated as given in section 3.2e8e ke will use the general notation p(d|r), as a

general notation for both p(d|i) and p(d|c) as us=fdre.

First, excess mortality (Em) from disease d isdbfinition) the difference in mortality M betwedmose

with and without the disease:
Em(d) = M(d)-M(not d) (35)
Given that the probability of having d in the pagtidn is equal to p(d), the all cause mortality; i

equal to:
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Mio=p(d)*M(d)+(1-p(d))*M(not d) (36)

Equation 35 and 36 can be combined to:
M(d) = Myt + Em(d)(1-P(d)) (37)

Second, the all cause mortality and the relatiskesrfor mortality can be used to calculatgv), the

mortality for someone with risk factor r, using flelowing procedure:

1. Use the input relative risks on all cause mortatibycalculate a mean relative risk (RRmean) in the
population (using the same formulae as used fautating RRmean in section 3.2.3)

2. Use this RRmean to calculate a baseline all caustality rate:

mortality

baseline mortality =
RRmean

(41)

3. Calculate My(r) by multiplying the baseline (all cause) mottalate with the relative risk for the

particular risk factor value

Now we have for each disease a value for M(d),fandach risk factor class a value for M(r).
In case of continuous risk factors, we here ussriasof risk factor values (at least 100), geretat the

same way as described at in section 3.2.2.

For both M(r) and M(d) we can write down the eqoiatior this mortality in terms of the model
parameters “Attributable Mortality of disease d'nid)), “other mortality” (dependent on risk factor
status) (Moc(r)) and “fatal mortality” (CF(d) or G:

As an example we write this down for 2 specific elegient diseases (d1 and d2) that both depend on
intermediate disease d3 but not on other diseadet® (dn). This however can be generalized to more
diseases, provided that there are only 2 “caugal$d (a disease that depends on another diseaseta

itself be a cause of another disease).
In this example, the mortality for M(d1) =M(d1=X} i
M(d1=1)= am(dl)+am(d2)*P(d2|d1)+..am(dn)*P(dn|d

+ Moc(r=1)P(d1|r=1) + .... + Mo=k)P(d1|r=k) (39)
+ Fatalincl(dl) + .. . . + Fatalincn(dl)
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With

P(d2|d1) : the probability of having diseasehiose having disease 1
P(d1|r=k) : the probability of having diseasehinde where risk factor r=k
Moc(r) : the other cause mortality in those wittk factor class r
Fatalina(d1) : the average incidence of immediately fdia¢ase uin those with d1

We can write down such a formula for each disease.

Second we can write down a similar formula for elsi¢h:

M(r)= am(d1)P(d1|r)+am(d2)*P(d2|r)+..am(dn)*P(dn|r) (40)
+ Moc(r)
+ Fatalincl(r) + .. . . + Fatalincn(r)
with
Fatalina(r) : the average incidence of immediately faiakdse d in those with risk factor state r

This gives us a linear system of n+c equationsngmber of diseases, ¢ number of riskfactor values),
containing n am(d)-parameters, and ¢ Moc(r) pararag¢hat need to be estimated. Gathering all am and
Moc terms at one side of the equation, we getealisystem of equations, in which only the am(d) an
Moc values are unknown, and which are solved ustagdard linear algebra, after calculating the fata

incidence terms Fatalinfd1) and Fatalina(r) as described below.

Calculating the fatal incidence terms

For a disease d1 that depend on disease d3, Edtakipend on both d3 and r. A disease does not only
depend on another disease if that other diseasedssal factor, but also in the case that thegesha

causal factor. This make the calculation of theses$ rather complicated.

Below we give therefore general equations:

Fataling(R=r) =M ZCDX Pr(y =CIR=1NRR 4 [1RR, 4 (41)

kic, =1
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Fatalin(d, =) =M D > Prly=C,R=r|d =)RR , [RR,

30

kic, =1

Fataling(d, =1) Incidence of acutely fatal disegs@iven that diseasds present

Fataling(R=r) Incidence of acutely fatal diseasgiven risk factor state

Mo cr Baseline fatal incidence rate of disease
C Vector of causal disease states with elements
X The set of all possible vectd®s (all possible combinations of causal disease
states)

RRr ~d The relative risk of risk factor stateon disease

RRCJ_ ~d Therelative risk of diseageon disease

Given the baseline fatal incidence (estimated atice 3.3.2), these terms can be calculating byrsung
over the simulated population, as the prevalenedl @bmbinations of risk factors and diseases Heen

estimated in section 3.2.3.

Estimation without a relative risk for mortality
In the DYNAMO-HIA model, having a relative risk fonortality is optional. Without this relative risk,
mortality per risk factor class only differs becaws the difference in prevalence of disease derifices
in fatal mortalities. In that equation 39 is re@ddy:
M(d1=1)= am(dl)+am(d2)*P(d2|d1)+..am(dn)*P(dn|d
+ Moc (43)
+ Fatalincl(dl) + .. . . + Fatalincn(dl)

were Moc no longer depends on risk factor statd,thus is the same for every individual.

As a further equation we have:
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M= am(d1)P(d1)+am(d2)*P(d2)+..am(dn)*P(dn) (44)
+ Moc
+ Fatalincl + .. . . + Fatalincn

where Fatalinc in the average fatal incidence of diseasi the population, and M the overall mortality
rate in the population.

This gives us a linear system of n+1 equationsngmaber of diseases), containing n am(d)-parameters
and Moc as the parameters that need to be estinaétkering all am and the Moc terms at one side of
the equation, we get a linear system of equationshich only the am(d) and Moc values are unknown,
and which are solved using standard linear algetfter, calculating the fatal incidence terms Fatailj by

averaging the terms Fatalim(c) (calculated in the previous section) over the (hin.

Estimation in case excess mortality is zero.

If attributable mortality is zero, a small posé@iexcess mortality will result, because those ditease
have a worse risk factor profile as those withbetdisease (unless the disease does not depehd gkt
factor, but then it would not be needed in the njode

If we reverse this reasoning, then if an excesdatityrof zero is specified, a negative attribugabl
mortality will be calculated. DYNAMO-HIA assumeésat in this case the user means to request a zero
attributable mortality instead of a zero excesstatity, and sets the attributable mortality to zdrothat
case, for every disease for which the attributaidetality is put to zero, the system of equatiorisivave
one less equation. Estimation of the other attablet mortalities and of other cause mortality reradie
same. Also in cases where the user specifies @&xoertality that is lower than the excess mogytalit

resulting from a zero AM, the AM is set to zero.

3.34 Estimation of baseline other mortality and the relaive risks for other
mortality

In the previous section, we estimated the othetatityr for each risk factor class.

For cateqgorical risk factorthe other mortality in the reference category (wlttbe relative risk is equal to

1), equals the baseline other mortality. The RRotber mortality then can be calculated simply as:

RIVM technical report EMI/STATMOD/201001 31



32

Moc (c)
Baseline other mortality

RR other mortality (c) = (46)

For continuous risk factorsve fit a regression model through the estimatddas of Moc(r) in order to

estimate a single relative risk value on other alityt per unit of exposure (= per unit of the rfsktor) as
needed by the model.

Hereto we regress the log of the estimated othetatity values Moc(r) on the risk factor values)R(i
The exponent of the intercept from this regrestiiem gives the baseline other mortality, the expboé

the regression coefficients of the risk factorsedive relative risks.

As this procedure forces a particular shape oml#te, the average relative risk estimated by the
regression, will be slightly different from the asge relative risk estimated in the first partlost
procedure, and because of that also the overathiitgrcalculated from these relative risks willtrioe
exactly equal to the overall mortality as giventhg user. Therefore the baseline other cause rtpiital
calibrated so that the total mortality in the siatat population becomes equal to the input totatatity.
This is done by increasing or decreasing the baseliher cause mortality with the amount necedgsary
order to let the total mortality become equal ® tibtal mortality specified in the input data fbistage

and gender.

For compound risk factomse first calculate the baseline other mortalitygerand the relative risks in the

same way as for the categorical risk factors, igygpthe duration information. Second we use noadmn
regression to estimate the relative risks (at trgarband at the end) and the alpha parameterdor th

category with the duration component by fitting thkbowing model:

RRon= RRom-endt (RRom-begirRRom-end€XP(- alphgm *duration) (46)

As for the continuous risk factor, the averagetietarisk estimated for the category with the diarat
component by the regression will be slightly diéier from the relative risk estimated in the firattpof
this procedure, so also here the baseline otheeaaortality is recalibrated so that the total mldst in

the simulated population becomes equal to the itgtat mortality.

In this procedure we also apply some restriction&Bend and RRbeing: When RR-end for total

mortality (as given by the user) is equal to the RR of tmaidtality in one of the other classes (without a
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duration component), RR-end for other mortaityestricted to be equal to RR-other mortdiitythis
class(es).

Similarly, when RR-begin for total mortality is egjuo the RR for total mortality of one of the athe
classes (without a duration component) RR-begieratiiortality is restricted to be equal to the RR fo
other mortality for this class. In case both RR-and RR-begin for total mortality are equal to & R
from other classes, both are restricted to be @gquhbse RRs, and only alpha is fitted.

In some cases, however, such a restriction is osdiple. For example, when the RR-begin is fixed to
0.85, and the RR-end to 1, while the RRs in thatilum category on average are below 0.85 or aboire 1
that case the restriction on RR-begin is removedhé case that regression does not return anastim
even after lifting this restriction, also the régton on the RR-end is removed. In case these@ctshs

are lifted for these reasons, messages are witittre log-file.

Another possible complication is that the user pilltpersons in the starting population in a single
duration class. In that case no estimation of til@gendence is possible, and RR-end is made egR&t-to
begin, implying no time dependence. In that cagaing message is given:

"100% of the initial population has the same doratiTherefore it is not possible to estimate a time
dependent other mortality or other disability. &se other mortality/disability is requested, thesative

risks will be made constant over time.”

A possible complication for all types of risk faxdas that other mortality(i) could become negativease
of high am(d) or Fatalinc(d) values in combinatigith simulated subjects with high P(d|i) values or
RRy(i) values. If this only occurs sporadically thishandled by setting other mortality(i) to zero for
categorical risk factors, and ignoring this clasewfitting the other mortality in case of a contins risk
factor or a time in the risk factor class. The fiaseother mortality then also is recalibrated ussg) that
the total other cause mortality in the populatiemains valid.

However, if negative other cause mortality valuesun frequently, this indicates that the combinatd
excess mortality rates and disease prevalenceeatesed by the user leads to more mortality in the
population than is physically possible based owalise mortality rates.

The following warning will be given if negative mality occurs in more then 30% of the simulatedesas

of the same age and sex: “Warning: Disease retatethlity is too large relative to all cause matyél
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3.35 Estimation of Non user-specified risk factor transiion rates (nett transition
rates)

For a categorical risk factor

The program can estimate 1 year risk factor tremmsjirobabilities from the risk factor prevaleneges.
This option is called “nett transition rates”. Tin@cedure used is described in more detail in \an d
Kassteele et al.[8]. The general idea behind ttisnation is that it estimates transition probaiesi that
will keep the age specific prevalence rate of thle factor stable over time. That is, in future ngethhe age
distribution of the risk factor is assumed to be shme as the current distribution by age. Indas¢ we
can say that if prevalence rates in the next higgergroup differs from prevalence rates in theetirage
group, people must have switched from one classtther. It is however impossible to estimate the
transition probabilities back and forth from cresstional data, we can only estimate the nettittans
probabilities (with 2 risk factor classes A andtiie nett effect is the difference between the flavn A

to B and that from B to A, thus the minimum numbgpersons that have to change risk factor level in
order to obtain the new prevalence rate).

The estimation of transitions for such cases eafobmulated as a transportation problem, a topic
solved in operations research. A transportatiotlpra basically attempts to find best way to fulfie
demands of a number of demand points using thelissgmpm a number of supply points, under the
consideration of the costs involved in shippingheduct from a supply point to a demand point.

A transportation problem is specified by the sypgemand, shipping costs, a decision variable,
and an objective function. In this case the supmi® the predicted class prevalence rﬁr@sbased on
the prevalence rates in the current year. It isador of lengtim. The demands are the class prevalence
ratesﬁl, also a vector of length in the next year. The costs ann x n matrix, are the costs involved in

moving from one class to another. The decisioratédeix, also am x n matrix, contains the transitions
between classes from rawio columnj, and is the variable of interest. The objectivectionJ is the total
shipping cost from classes in the current yeafasses in the next year. This function has to be

minimized:
minJ =) C*x, (47)

subject to
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n
DX, =Ho. DX =Ry, andx; >0, fori,j=1..n. (48)
j=1 i=1

The above constrains entail that the row sums 0&. people from a specific classes, must beldqube
supply ﬁo. The column sums of, i.e. people to specific classes, must be equiemﬂemancﬁl. This

also means that the total supply must be equalktadtal demand. The last constrain entails that no
transition may be negative.

Some assumptions have to be made about the ctrst @asince no direct “costs” can be
assigned to people moving from one class to anoltherassumed that most people tend to staydin th
class. Some will switch one class up or down, sasfieswitch two or even more classes, however we
assume this becomes very unlikely. We thereforigiag®ro costs to transitions to the same classsta
of one unit for one class up or down, a cost afe¢hunits for two classes up or down, and so fdittiis
choice of costs will assure that it is more likeigt two persons change one class, then one person
changing two classes, as the latter costs 3 wamitbthe first 2 times 1 unit.

The transportation problem can now be easily sbhyea linear programming algorithm, for
which we use the simplex method. Once the tramsitidhave been found, the transition probability
matrix M is then given by

M =(x/pg)", (49)

so that a new state is given ﬁ{ =M ﬁo. A transition probability matrixs calculated for each age.
In the method given above selective mortality @uded by not using ﬁo, the prevalence of the current

age, in the algoritm, bLﬁo * | the hypothetical prevalence after one year, takiortality into account,

but not letting persons change state:

. _ (expE-RR* baselineMort))p,
° >, expCRR,; * baselineMort)

~

(50)

For RR the user specified relative risks are used.
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For a compound risk factor

For a compound risk factor the same method is aseagiven for a classified variable. However, heee w

first need the RR for all cause mortality for thass with duration. This RR is calculated as:

RRduration = Zd RRd P(d) (51)

were P(d) is the probability of being in duratidass d, given that one is in the class with duratio

In principle the duration information itself couddso be used to calculate nett transition prokissli
However, information on duration is often much mdif@icult to obtain, and expert opinion might bsedl

instead of real data. Therefore this road wasalart.
For a continuous risk factor

For a continuous risk factor a similar method isdug=or a continuous risk factor we do not havessp

states, therefore it is more intuitive to looktdtdom the point of the update rule applied to raividual.

The update rule for mormally distributed variable with meanugat the current age and at the next age

and matching standard deviatiangando is:

X(1) = X(0) + (11 - 1) + stdDrift'e if o> maxgro) (52)
X(1) = X(0) + (1 - po) ifr; <= max(ro)

Wheree is a randomly generated draw from the standardirdhal distribution, and the parameters of
this update rule are the “drift” in meam (- np) and stdDrift is a constant with which the ramiipdrawn
value of ¢ is multiplied The latter is put to zero if the standard deviatiba particular age is equal or
smaller to that on the previous age. The effethisfway to update the continuous risk factor &t th
case the standard deviation of the risk factoridigtion is increasing over age, this increasepoduced
by the random component. Note that this procedssaraes that the standard deviation has been

smoothed over age. Using unsmoothed figures vélilten stdDrift values that are too large.

The drift in the mean causes all individuals ta@ase their risk factor value by the same amobat: t
means there is, based on only the mean drift (atitbut the random component), perfect tracking over
age.

Values of the mean drift are calculated directhnirthe mean of the risk factor by age:
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The mean drift can be calculated as the differ@fi¢ke risk factor mean at the particular age duednext
age. Like with the nett transitions for the catégarrisk factor, we first adjust the mean at the &r
selective mortality by calcultingy*, the mean of the distribution of the risk fackoafter applying the

risk factor specific mortality rate for one year:

~ J'xexp(—RR(x)baseIineMort) P(x)dx
B jexp(—RR(x)baseIineMort)P(x)dx

(53)

Similarly, we also calculate the standard deviatigh) the standard deviation of the distribution ckri

factor x after applying the risk factor specific madity rate for one year:

) j (x - [1,*) 2 expRR(x)baselineMort) P(x)dx

(Go*)° :
jexp(— RR(x)baselineMort) P(x)dx

(54)

The stdDrift then in calculated as:

stdDrift = \/a? = (0,*)? (55)

The standard error drift is made the same forcahario’s, the user can only change the amourteof t
meandrift.

The numerical integration procedure used in Dynases 100 equidistant intervals betwgagdog to
uot+4oo. Preliminary simulations showed that this rangddg the most accurate results given the use of

100 intervals, and is superior to using equal podibaintervals.

For alognormally distributed risk factor, the risk factor valudiist logtransformed into a normally
distributed variable. The update rule on the tramséd variable is identical to that given abovedor
normally distributed risk factor. After applyingistpart of the update rule it then is back transfea.

Drift and change in variance on the transformedtmEnalculated from the input data in exactly thees
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way as for normally distributed variables, but aftgtransformation. If there is an offset, a pbksi
“offset drift” is added after back-transformatidrhe offset drift can be calculated as the diffeeeotthe

offsets of two consecutive years.

Both the offset drift and the standard error daift the same for all scenario’s, the user can cmyge
the amount of the meandrift.

The meandrifshould always be given by the user as the absocharge (increase/decrease) in the mean
value, also in the case that a log-normal distidiouis specified for the data. In case of a logamalr
distribution, the program calculates the amourdt@inge needed on the logscale.

This way to parametrize the update rule meansdiinang the first step of simulation, the risk factalue
changes in the way the user will expect, that iscreases with the amount given. In case ofdige |
normal distribution, the model uses the relativange of the amount (above the offset) to updateishe
factor. So when the mean value of the risk facter garticular age changes during simulation (for
instance due to extra selective mortality in thenseio), the absolute drift will change, as a reéathange
is applied by the model. Therefore, using the logred distribution could lead to behaviour that @ n

always intuitive for the user.
Selective mortality is taken into account in thenseavay as for the normally distributed risk facidhat is

by calculating the parameters of the distributibthe risk factor on the log scale after taking gear

survival into account. For this calculation we ameuhat the offset is not affected by mortality.
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4.1

Generation of Initial Population

Population characteristics

Each person in the simulation population has theviing characteristics:

A age

G gender

C value {1,2,...,1} of classified risk factor: present if risk facttype = classified or
compound

R value of continuous risk factor, or the lengthtie duration class: present if risk factor

type = continuous or compound

DM;to DM,. Disease probability tables for each cluster ofaligs (1 to §). For non-cancers each
table has size 2"(N_in_Cluster(c)). Each value ballindicated by P(i,j)(j<=1), giving
the probability of the disease combination condaioon being alive. Therefore the sum
of the values of a single table is always 1, dwdldfore only 2*(N_in_Cluster(c))-1
values need to be stored.
For diseases with a cured fraction (non-lethal ees)ahe table has size 2. For
independent diseases (not related to other diseidreetable has size 1.

S Probability of survival.

Input needed for the generation a an initial populéion

Input needed

Input on structure Number of disease clusters, number of diseases
in each cluster, whether a cluster concerns a|
disease with a cured fraction, type of risk factor
(compound, continuous, categorical)
nSim: numbers in the initial population per age
and gender stratum, minimal and maximum age

of individuals at the start of simulation

Input Parameters (directly given by the user) Redatsks on diseases RR(r) , RRdis(di,dd)

Intermediate Parameters Baseline prevalence od@se)3.2.3),Cured
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prevalence fraction (d) (see 3.2.1)

The initial population is generated by:
1. constructing a distribution of risk factors timtlose to that of the population being simulated
2.calculating the probability of disease in eachudated individual based on the risk factor stdtthis

person.
At the start of the simulation all persons areglso the survival probability is set to 100%.

Below we will describe the algorithms used for ¢femeration of the initial population in detail.

Generation of characteristics for the referencaufain

The reference population is the population to whiohintervention is applied. For this populatioe th

characteristics are generated as described below.

Generation of A and G:
For each combination of A and G in the run, we tr&sim persons.
Generation of C:

We will generate a number of subjects in eachfaskor class close to the real prevalence rategubie

following algorithm:

1. For each category: Calculate the number of subjedtss category from nSim, rounded downwards:
Ng=Int( P(c)*nSim), but make this minimally one pen
Calculate the number of missing subjects in theiktion: n_todo=nSim- Sum\

3. Calculate for each c: P_todo_c=( P(c)*nSim - INi{)MSim))/n_todo ; This is the proportion of
“todo” subjects that should go to class c;

4. Randomly draw the n_todo persons using P_todo_c.
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Generation of R;

Generate a sample of Nsim persons following theibligion of the risk factor using the following

algorithms:

For continuous risk factors:

1 For i=1 to Nsim generate Z(i)= (i-0.5)/Nsim

2 Calculate R(i)=F* (Z(i)), where F* be the inverse of the cumulative probability fimctof the risk

factor distribution
For compound risk factors:

Generate C as given above for categorical rislofacbut include the 20 duration classes as pd{©ft

Make R = O for all classes without duration, andRs 19 for the duration class.

Generation of DM

Once we have simulated a risk factor value for gerkon in the simulation, we use this value tcegate

the initial probability of disease. Below we givetdetailed algoritms used for this

Generation of DM for a single independent disease

1. Calculate RRas :

RR=RR(per unit)R -reference valieyeqntinyous)

RR=RR(c) (categories or non-duration categories)

RR= RRengt (RRuegirRRendeXp(- beta *R(i)) (duration categories)
2. Calculate Odds(d, i) as BaselineOdds(d)¥RR
3. Calculate P(d,i) as Odds(d,i)/(Odds(d,i)+1)

Generation of DM for diseases with a cured fraction
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1. Check whether this cancer is independent of otlselades
If not, ask the user to change this
Calculate RRas
RR=RR(per unity)-reference valuey o qntinyous)
RR=RR(c) (categories or non-duration categories)
RR= RRendt (RRuegirRRengeXp(- beta *R(i)) (duration categories)
Calculate P(d-total,i) as above
5. Calculate P(d-notcured) as P(d-total,i)(1-Cured®enceFraction(d))
Calculate P(d-cured, i) as P(d-total,i)*CuredPremakFraction(d)

Generation of DM for a cluster of dependent disgase

1. With n diseases in the cluster (clustersize=nYgethell be 2*d — 1 characteristics in the simulatto
characterize the disease state of the clusterc@imbination: no diseases is 1-sum(all other
combinations), so it is not explicitly stored.

2. Calculate RRi for each d as

RR(d)=RR(d,per unit)*(R(i)-reference value) (contingd
RR(d)=RR(c,d) (categories or non-duration categories)
RR(d)= RRend(d)+(RRbegin(d)-RRend(d))exp(- beta *R@uration categories)
3. Loop through all combinations of diseases in thistelr and calculate the probability of each

combination, which is :

P(combi) = |_| P(dependent disease|all independent diseases) |_| P(independent disease)

dep indep
where P((in)dependent disease) is the probablildythe disease has the value it has in the cotirdrina
P(dependent disease | all independent diseaseddp(emependent disease) can both be calculateihin
the following equation, given that RRdis(d1=1| dp£Xhe relative risk on disease 1 given disedse 2

always 1 in cases of independent diseases:

P(d=1|other diseases in cluster) =
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4.3

BaselineOdds(d) * RR (d) (d1=1in combi)RRdis(d =1|d1=1)

For d =1: _ —— _ _ _
1+ BaselineOdds(d) * RR (d) (d1=1incombi)RRdis(d =1|d1=1)
d1lcluster
BaselineOdds(d) * RR (d) (d1=1in combi)RRdis(d =1|d1=1)
Ford=0: 1- _ JiCol st _ _ _
1+ BaselineOdds(d) * RR (d) |_| (d1=1incombi)RRdis(d =1|d1=1)
d10cluster

Generation of S:

Value S will be 1 for every person in the initizigulation

Generation of characteristics for scenario poporhesti

Dynamo offers three possibilities for scenarios:

1. Using the same initial population as for the refieeepopulation, but changing the transition
probabilities for the risk factor

2. Using the same transition probabilities for thé& fesctor, but changing the risk factor
distribution in the initial population

3. Changing both the risk factor distribution in tingial population, and the the transition

probabilities for the risk factor
In the first situation, the initial population dfe reference scenario is simply copied.

In the second situation, for continuaisk factors, the model assumes that the rankimqeagons
within the population remains the same. So theviddal with the ¥ rank in the old distribution
(that is, the distribution in the reference pogolak gets the value of thd"xank in the scenario
distribution.

For categorical and compound risk factasbjects need to change risk factor status.isnctise,

we calculate the minimum number of persons thatine change risk factor status in order to
reach the new risk factor distribution, using thens algorithm as is used to calculate net

transition rates (see section 3.3.5).
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For each non-zero risk class transition, we geaesegnario subjects by applying each transition
to every individual in the “old” risk factor clags which that transition applies. An example might
clarify. Say there are 100 individuals in the refere simulation population, and the old
prevalence is 50% in class 1, 40% in class 2 affl ibCclass 3, and the new prevalence is 20% in
class 1, 20% in class 2 and 60% in class 3. Thaasseme that 20 individuals originally in class 1
have to go to class 2, 10 of those originally essl 1 have to go class 3 and all 20 subjects in
class 2 have to go to class 3. So the non zersiti@ms are : 1> 2, 1> 3 and 2> 3. In that case
the simulation population exists of:

- 50 individuals originally in class 1, with riskdtor changed to 2

- the same 50 individuals originally in class 1tharisk factor changed to 3

- 40 individuals originally in class 2, with riskdtor changed to 3.

During post-processing these individuals receivgits of 20/50, 10/50 and 40/40 respectively,
also adding unchanged individuals (from the refeegoopulation) from classes 1, 2 and 3 with
weights 20/50, 0/50 and 10/10.

This procedure makes that for these scenario’sestabults can be obtained with a relatively low
number of simulated persons, especially in the tzeteonly a moderately number of persons

changes risk class, which is often the case intHé@lpact Assessments.

In the third case, individuals from the referenopydation can not be reused in this way as part of
the scenario population, as also transition raifésr dhetween reference and alternative scenario.

In this case, for a categorical or compouisét factor, the transitions from old to new prievece

are used to randomly draw a new value for everividdal in the reference population. This
procedure means that the new prevalence is nat,flxe affected by a random component. In
these scenario’s one needs to make Nsim suffigiéante.

For continuousisk factors, a new value is assigned in the sameas before, retaining the

ranking of subjects in the population.

In all cases, all scenario-individuals are direatigtched to a particular individual in the refeenc

population. Matched individuals will share the saiaedom number during simulation.

The initial disease state of the individual doesal@nge by changing the exposure, so that the
scenario-individual at the start of simulation kizs same disease state as the matched reference
individual. The only exception are the newborne(8at the start of simulation), that get
immediately the prevalence belonging to the nelvfastor state. In practise, disease prevalence is

low at birth, so this choice will hardly influentiee outcomes.
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Description of simulation module

During the simulation, there will be simulated mers with the following characteristics

A age

G Gender

C value {1,2,...,1} of classified risk factor: present if risk facttype = classified or
compound

R value of continuous risk factor or the length tafysin the duration class for compound

risk factors

DM;to DM,. Disease probability tables for each cluster ofaligs (1 to §). For non-cancers each
table has size 2"(N_in_Cluster(c))-1. Each valuélvei indicated by P(s), giving the
probability of the disease combination conditiomalbeing alive.
For diseases with a cured fraction the table tmesiFor independent diseases (not
related to other diseases) the table has size 1.

S Probability of survival

Update rules are used to update these valuespis st@ne years. Section 5.1.3 describes thesaaipda
rules.

In the DYNAMO model, simulation starts with a pogtibn aged 0-95 (unless the user restricts theage
a smaller range of simulation). All simulated pe&rsan the starting population are simulated unitiha

age of 105. This makes it possible to calculateddie-expectancies for this cohort. (see chafjer
Simulated persons born during simulation are ommhukated for the number of time steps needed tohrea

the last simulation year that was given by the.user

5.1.1 Synchronising of scenarios

It is essential for a an efficiently working prograhat all scenarios that need to be compareduaraith
the same random numbers for the same draws (“phualiverse approach”)[9].

Therefore random draws need to be synchronizeddagtwcenarios. This is done by matching each
individual in the simulation of an alternative sadn to an individual of the reference scenaria #ren

starting these matched individuals with the sameaen seed in all scenarios. We referred to thibas
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5.1.3.2

“parallel universe” approach, as we simulate whatild happen to an individual in a parallel universe
where all random happenings are identical to thkumsiverse, but another policy has been being
implemented. In making the initial populations foe scenario’s, individuals are copied from the
reference population to a scenario populationyiticly their random seed.

In the implementation the use of the random-geneiainot conditional on characteristics of an
individual, so that random number generation cargebout of sync between matched reference and

scenario individuals.

5.1.2 Adding newborns to the population

Generating newborns is handled by including indigild with negative age in the initial population.
With the exception of age itself, which is incredidg one year during each time step, states of the
newborns are kept constant until they reach ageddin that moment on they are considered as both, an

risk factor, disease and survival state are updased) the update rules described below.

5.1.3 Update rules for characteristics of the simulated prsons.

Update rule for A

Input:

Parameters Characteristics
None A

Rule:

Aupdated=A+1

Update rule for G

Input:

Parameters Characteristics

G
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Py
c
)

G updated = G

Update rule for C

Input:

Parameters

Characteristics

Transition matrix for age A, gender G

C (A and &&ded to select parameter but n

in rule itself)

ot

Rule:

Draw a random C from the vector of probability QisQound by taking the row of the transition

matrix(A,G) belonging to current risk factor valGe

When zero transition are specified, C stays cohstan

Update rule for R

Input:

(if type=continuous risk facta)

Parameters

Characteristics

meandrift (A,G) , stddrift(ratio)(A,G),
offsetdrift(A,G) , type (normal or lognormal),
offset(A,G)

R (A and G needed to select parameter but 1

in rule itself)

ot

Rule:

If R has a normal distribution

R updated=R +drift(A,G) +Normal*stddrift(A,G)
Where Normal is a draw from the standardized nodistfibution

If Rhasa log-normal distribution:

R updated=offset+offsetdrift+exp(log(R-offset) #t{Ah,G) + Normal*stddrift(A,G) )

RIVM technical report EMI/STATMOD/201001



riym

NB: for the lognormally distributed R, meandrift@), is not the drift of the mean as entered into th
program, but the drift of the parameter of the lgmal distribution.

5.1.3.5 Update rule for R (if type = compound risk factol)
Input:

Parameters Characteristics

Number of class of which this is the duration R.,C

Rule:

If C= duration class then R updated = R+1
Else R=0

Update rule for DM(d) (for independent diseasg

This rule needs to be repeated for each disease d

Input:
Parameters Characteristics

Baseline incidencej (d,A,G), Attributable DM(d), R, C (A en G needed to select

mortality AM(d,A,G), Relative risks for risk | parameter but not in rule itself)

factor on the disease (RR),

Rule:
Calculate RR as:
RR=RR(per unit)R-reference valieyin case of a continuous riskfactor)
RR=RR(c) (in case of a categorical risk factorth@ non-duration classes of a compound risk
factor)
RR= RRungt(RRuegirRRendeXp(- beta *R(i)) (in case of the duration catggoira compound risk

factor)
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Calculate the incidence Inc as
Inc=ig(d,A,G)*RR

Solving the exponential of the transition rate rmatr

—-1Inc 0
+Inc - AM(d, A G)
yields the following formulae for DM(d)

DM(d) updated =

(DM (d) AM (d, A, G) — Inc)e!"™ AM(@AC) 4 1nc(1— DM (d))
(DM (d)AM (d, A,G) — Inc)e!™ AM@AC) + AM (d, A, G)(1L- DM (d))

In case AM(d,A,G)=I(d,A,G) the denominator becomes. In this case we solve the system of

differential equations for the transition matrix
-Inc O
+1Inc -1Inc

which yields:

__ 1-(bM(d))
1+ Inc(l- DM (d))

Update rule for DM(d) (for diseases with cured faction)

Input:

Parameters Characteristics

Baseline incidencej (d,A,G), Attributable DM(d), R, C (A and G needed to select
mortality AM(d,A,G), Relative risks for risk | parameter but not in rule itself)

factor on the disease (RR), percentage cureg
(CuF(d,A,G)
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DM has two values:
DM(c): the probability of having cured disease
DM(nc): the probability of having a lethal form thfe disease.

In terms of a transition matrix, there are 3 staséthout the cancer, with cured cancer, with noned
cancer. The vector Jg of initial probabities (before the update) of taésstates are:
1-DM(c)-DM(nc); DM(c),DM(nc).

The transition matrix T is (first row gives theeaif change of the first state as a function ofstia¢es) :

- Inc,, 0 0
+ InCtot fcured O O
+ Inctot (1_ fcured) O - AM (d, AvG)

Here ingy is the incidence of the disease, calculated irs#ime way as in the update rule for a single
independent disease. The matrix exponential oftisigix also has an analytical solution, which is
implement in the software.

The general analytic solution for DM(c) (cured mkance) after a timestep tis:

itott

[[e*® (a-itot) (foured (-1+ptot) +e&

|II:E:i.':-t:vﬂ:-‘:-

(foured + poured - fouredprot) | )/
itot
(—l + frured + poured - fcuredptot - e*® (foured + poured - fcuredptntj]l +

a (e*" (-1+foured) (-1 +ptot) 4 gl T

platiten)

[-pcured + ptot) +

(frured + poured - focured ptot) ]l ]l}

and for DM(nc) (non cured prevalence):

[[*" (-1 +frured) itot (-1+ptot) +

gltot (& (-pcured +ptot) + itot (-1+ foured + poured - foured ptot)) :l X

(eib“" itot (-l + foured + poured - foured ptot -
e*" (foured + poured - fouredptor) | + & (€°° (-1 + foured) (-1 +ptot) +

gl [-pcured +ptot] + plositen) (Ecured + poured - foured ptot) J J }

where pcured=DM(c) at the start of the time step;
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ptot = the sum of DM(c) and DM(nc) at the starttef time step and
a= attributable mortality. In the DYNAMO model witmplemented this solution for t=1.

The incidence itot is calculated in the same wafpamdependent diseases.

5.1.3.6 Update rule for DM(s) (for clusters of mutually cependent diseases)

[Input:

Parameters Characteristics

Baseline incidence; (d,A,G), Attributable DM(s), R, C (A en G needed to select
mortality AM(d,A,G), Relative risks for risk | parameter but not in rule itself)
factor on the disease (RR),Relative risks for

diseases on diseases (RRdis)

DM(s) gives the disease probabilities (conditiomabeing alive) for each possible combination ef th
diseases (state s) in the cluster. We use s amarginere in stead of d to indicate that this dattarastic
indicates a state, and not a single disease.

The state: “none of the diseases” is not storg¢barsimulation as it can be calculated as 1- surafot
entries). Thus for n diseases in the cluster theze? -1 values of DM(s), where s is a number,having
values 1 to 2, which written in binary form indicates the presemf each disease. For instance, s=

100100 indicates that the first and fourth disease agsemt, but diseases 2,3,5 and 6 are not present.

For this rule there are the following steps:

1. add state s=0 and calculate DM(0) as 1 minus thredflall DM(s).

2. calculate theate of going from state s1 to each other state s2 #s2 ). (see later for how to
calculate these rates), and construct the matthat contains these values.

3. calculate the matrix gfrobabilities of going from state s1 to each other statd®g2ontaining all
probabilities P(s$s2 )) from

! In the software implementation the ordering isdtieer way round: the last digit represents diseaseber 0, the one before that
disease 1 etc.
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P =exp(Tit)
This is carried out by applying the algorithm désed by Gallivan et al.[4].
calculate the probability of being in state s2rafjedate, conditional on being alive at the

beginning of the interval:

DMU (s2) =" DM (s)P(s — s2)

calculate the probability of being in state d2 maftedate, conditional on being alive at #vel of
the interval :

DM (s2)updated = DMU (s2)/ )’ DMU (s)

Calculation of T(sPs2)

To calculate the matrix with transition rates, Hs32 ) we first determine which bits (diseases) in s2

differ from those in s1, as those are the disetsgseed to change during the transition. Far e

apply the following rules:

1. The model does not include remission, so in e is a disease present in sl that is not préess2,

T(s1>s2)=0

2 For the other transition rate between two differstates s1 and s2: Let O-ac be the set of disedsich

are 0insl, but 1 in s2 (the set of diseasesghatbe acquired) and O-1 the set of diseaseshwhi
are 1 in sl (irrespective of their value in s2).the rate gives the change in an infinitely small
period of time, there can only be one change iaatie between state. So if O-ac has more than
one member, T(s2s2)=0.

If O-ac has one member, d, then lefd) be the incidence of disease d, calculated isatee
way as of the update of a single independent dis@asluding the dependence on risk factor
values, but not yet the dependence on the presenmather diseases). The rate of acquiring

disease d during the update is given by:

T(sl - s2) = inco(d)|_|em_1 RR,.(e,d)
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3 Mortality rates (attributable mortality and cdiatality) are entered as (negative) terms to fhgahal of
the matrix. In case a disease in the combinatiaeiis, also the incidence to this disease is a

negative contribution to the diagonal term. Sotthasition rate T(s®s1) for a diagonal term is:
T(sL-s)=-) T(sL-9)-) I(d=Dam, - fatal (s
where am is the attributable mortality for disease d (adftedhose disease that are 1 in s1) and &t

the fatal incidence due to disease d in those stéte s1 (added for all states). This fatal inaigen

is calculated in the same way as given for thedigrce above.

5.1.3.7 Update rule for S

Input:

Parameters Characteristics

Baseline incidence; (d,A,G), Attributable R, C, D, all DM (A en G needed to select
mortality AM(d,A,G), Relative risks for risk | parameter but not in rule itself)

factor on the disease (RR),Relative risks for
diseases on diseases (RRdis) Relative risks for

risk factor on other cause mortality(RRom)

Baseline other cause mortality (baselineOM)

Rule:

Total survival is given by the multiplication ofrsival fractions due to the different clusters ifehses,

and due to other causes.

For independent diseases the survival fractiontdilee disease (that is the fraction with whichdisease

decreases survival in a period t) is given by:

_am(- DM (d)) €™ + (amDM (d) —inc)e "
- am-inc

S

With:

Am: the attributable mortality for the disease
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Inc: the incidence of the disease, calculated angin the update rule for a single independergatie
DM(d)): the prevalence of the disease (=DM(d))

The survival fraction for other cause mortalitygisen by:

—om

Som= e
where om is other cause mortality. This is cal@adats follows:

First calculate RR, as :

RRon=RRom (per unit)ARO-reference valieyin case of a continuous riskfactor)
RR.,n=RRom (C) (in case of a categorical risk factor, or tio&-duration classes of a compound
risk factor)
RRon= RRom-endt (RRom-begirRRom-end€XpP (- beta *R(i)) (in case of the duration catggoira
compound risk factor)

Then om= RR,. Baseline-OM.

For diseases with a cured fraction the survivaltfom due to these diseases is calculated fromahes
DM(cured) and DM(not cured) at the start of theetistep as:

S, = DM (cured) + e ™ DM (notcured) +
(1- DM (cured) — DM (notcured)).
H s —inc_cured _ -amy;
ferime cued 4 (] _ gine_ared) (i nc_cur.ed inc__noncured) N (e e. )inc_noncured
inc__cured am-inc_ cured

}

For clusters of diseases, the survival is caledlafs:
S, =Y, .DMU(s)

where DMU is calculated as given in the update foleslusters of diseases.

Finally S is calculated by multiplying all the sival fractions as calculated above.
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Post-processing module and output generated

The DYNAMO simulation module delivers a populatiminsimulated persons. As output in this form can
be very large, it is not stored or made availablthe user. This output contains the actually Ssitead
persons, and is not always representative of tpalption that is simulated. In the post-processiage
the simulated persons are upweighted to the rgallption numbers as given by the user in the input
module. After this weighting, detailed group speaifata can be outputted in the form of excel rbbda
XML files. Also DYNAMO-HIA can be run in batch-modé which case a csv file is generated,
containing similar information, but in one flatditather than in a workbook with multiple workslsedh
batch mode also output objects are created aneldstahich can be viewed later using the graphisal u
interface. In the batch mode, only the data geadraver the user specified running time are inaude

despite the fact that the model simulates all suibjalive at the start of simulation until age 105.

Weighting procedure

Weighting is applied to upweight the simulated gdapan to numbers in the real population. First, fo
cateqgoricatisk factors, weights are applied to make the sitea population representative in terms of
risk factor classes and changes between scenarigk ifactor classes (see section 4.3). Due to thi
weighting process, after weighting the risk fagioevalence of categorical risk factors at the start
simulation will be exactly equal to the prevaleecgered into the model, with the exception of sdesa
populations where both the initial prevalence efiisk factor and the risk factor transitions anargged.
The latter will contain a random component.

Second, the number per age and gender are up-wdighbecome representative of the populationgusin
the demographic data as supplied by the user.

This procedure delivers population data for scenaopulations where the intervention is 100%
successful and is applied to every age and gendapgFrom these data, effects of intervention$ wit
lower success rates or effects of an intervengaching only particular age or sex groups are tted
by combining “successful” scenario individuals dndsuccessful” reference individuals in the correct

proportion.
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6.2

Content of DYNAMO-output files

excel readable XML files can be read by using “opéth” and then choose “excel”.
The output in these files are in the form of nurslerpersons in the total population.

The excel readable output exists in two forms:

Yearly data:
For each simulated year (as given by the userptingbers in the simulated population (males, femate

both combined) by:
- Age

- Actual risk class in that year (for continuousiables: categorized in groups)
For each age /risk factor class combination, tles fiontain:
For continuous risk factor: the mean value

For compound risk factor: the mean value of duratio

The total number of years lived in that class

e

Either numbers in the class with the different dggestates (= combinations of diseases within
each cluster), or the numbers with each diseaseh(fose by the user).

5. The number of DALY-weighted years in that class

6. The number of persons with one or more diseastmtrclass

Each year is on its own worksheet of the excel Wwook.

Cohort data:
For each simulated cohort (group with same ag&dta simulation), the numbers by
Year of simulation (always up to the age of 105)

Risk class at the start of follow-up (for contingotariables: categorized in groups)

For each age/gender/risk factor class combinatiwnfiles contain:
1. For continuous risk factor: mean value
2. For compound risk factor: mean duration

3. Total number of persons alive
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4. Disease state or disease (to choose by the user).
5. The number of DALY-weighted years in that class

6. The number of persons with one or more diseastmtrclass

Each cohort is on its own worksheet of the exceakiook. The user can produce separate workbooks for

men and women, or a single workbook in which numifiemn men and women are combined.

Batch output:
For each simulated year (as given by the usernunabers in the simulated population (males and

females separately) by:
- Age
- Actual risk class in that year (for continuousiahles: categorized in groups)

For each age /risk factor class combination, tles fiontain:

The year

The scenario

The gender

The risk factor class

For continuous risk factor: the mean value

For compound risk factor: the mean value of duratio

The total number of years lived in that class

© N o g~ w DN PR

Either numbers in the class with the different dggestates (= combinations of diseases within
each cluster)
9. The number of DALY-weighted years in that class

10. The number of persons with one or more diseastmtrclass

Correspondence with the use of data in the graphssa interface

Yearly data are in the DYNAMO-HIA graphical useterface - output module used to calculate:

- Prevalence of disease by year, or by age (wéhith year)

- Risk factors distribution by year, or by age pwiteach year)

- Mortality numbers (those dying between the yewt the next year) by year, or by age (within easdry

- Period life expectancy and Sullivan Health exapecy

Cohort data are in the DYNAMO-HIA graphical useteifiace - output module used to calculate:
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6.3

- Cohort Life expectancy (by age)

- Disease free life expectancy and life expectamitly disease (cohort)

- Survival

- Disability adjusted life expectancy (cohort)

Calculation of integral measures of health.

The program calculates the following health expeofavalues:

total life expectancy

life expectancy free of a particular disease

life expectancy free of all diseases in the model

disability free life expectancy or DALE. Which dfese is calculated, depends on the data
given by the user. If DALY-weights were given, DAsBre calculed. If percentages of
disability have been given, disability free lifepectancy is calculated.

Number of life years gained or lost compared toréference scenario

Number of life without disease gained or lost corepao the reference scenario

Disability weighted life years gained or lost comgghto the reference scenario

For life expectancy free of all modelled diseasies prevalence of having no disease is calculateddch

simulated individual. As the clusters of disea$ed are calculated in DYNAMO are mutually

independent given the risk factor history, this barcalculated by multiplying the probabilitieshafing

disease-free from each cluster of diseases.

Similarly, within each cluster, the DALY -weightsrcae applied to the different disease-states & thi

cluster (including the healthy state, that is ttaéeswithout any of the disease in the model).g&eson

has two diseases, the DALY weight given to the @eis calculated as:
1- Wdaly.totat:(1'Wdaly—disease)l- (1'Wdaly—diseasexl'wdaly—healthy)

For ease of explanation, we will use the term fgBifor 1-DALY-weight, defined as either 1 — the

fraction disabled or as a health valuation wheiederfect health, and 0 health as bad as being; dea

Then in general the ability due to different dissais calculate as:
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ability = baseline ability [ ability,
d

where the baseline ability is ability in a persathaut any of the diseases that are included imtbdel,
and ability, =1 for a person without disease d. The abilitiethe different health states in the cluster can
be averaged (weighted for the probability of thalthestate) to the average “ability” in the clusiés

disease clusters are mutually independent givérfaidor history, for a simulated individual theewall

ability can then be calculated by multiplying th®lidies due to different disease clusters.

Health expectancies are calculated both as cokaitthexpectancies and cross-sectional (“Sullivan”)

health expectancies.

The cohort health expectancies are calculatedtfjifeom the simulating the cohort (always simuthte
until age 105), and the calculation consists ofpyncounting the years lived in the particular hieatate
during this follow-up period by all simulated indivals, and dividing this by the number of indivédisi at
the start of simulation. Implicitly this means thia¢ life expectancy in the age category 105+ksriaas
0.5. However, as individuals of age 105 and olderextremely rare, this choice does not influeihee t

results.

Cross-sectional health expectancy is a synthetasore, that is calculated for a particular calerydar.
Thereto first the mortality in that year is caltigld by taking the difference between the suniivdhe
next year and the current year. This mortalityambined with the prevalence of disease prevalence o
disability in the particular year in a period lisghle constructed based on the data from the deadar
year, and a health expectancy calculated fromiféa¢alble in the usual way. For the cross-sectitieallth
expectancy, only ages upto 95 are included. Theshkpectancy in the age category 95+ is taker-a5:
In(1-mortality rate (95)).

From the cohort life expectancy also the numbdif@f/ears lost in the population under an altexeat
scenario compared to the reference scenario arelatdd in two ways. First, the number of life yelst
or gained can be calculated for those have a péatiage at the start of simulation (say all 10ry#ds).
This is done by simply multiplying the cohort Iégpectancy at age 10 with the number of 10 yeariold
the population. Second, this can be done for thieegmopulation by adding up the years gained st lo
from all ages.

Similarly, years without disease gained or lost disdbility weighted years gained or lost are dal&d
by multiplying the cohort life expectancy withousease and the disability weighted life expectancy

respectively with the number of persons in the pafpan at the start of simulation.
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The disability weighted years gained or lost fairggle age are in magnitude comparable to the DALY
measure: only DYNAMO calculates this prospectigigars lost over a prospective life), while the
classical DALY is a constructed cross-sectionalsnea Also, unlike the classical DALY, the DYNAMO

“DALY” takes competing morbidity into account.
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