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Introduction

In order to plan health care resources for the future it 
is essential to monitor and follow disease rates in the 
population. It is also necessary in order to plan imple-
mentations and actions aimed at improving health, 
and for evaluating such actions. Continuous moni-
toring of disease trends also makes it possible to 
observe sudden or unexpected changes in disease 
risks, perhaps attributed to a new risk factor. 
Incidence and prevalence are core indicators of pub-
lic health and are used for the purposes described 

above, and for calculations of disease burden [1]. In 
addition, incidence and prevalence constitute neces-
sary input in simulation models designed to make 
projections of future population health [2]. Many 
countries lack nationwide data about diseases why 
incidence and prevalence have to be estimated and 
modelled based on information for only a selected 
part of the population [3]. The Nordic countries, 
however, have comprehensive nationwide registers 
that contain health related data of the whole 
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population [4], such as hospital admissions. These 
data are a great source of information for epidemio-
logical research and are for some diseases used as the 
basis for estimation of incidence and prevalence. 
Even if hospital-based data have the disadvantage 
that they include only those cases that lead to hospi-
talization, certain diseases, e.g., acute myocardial 
infarction (MI), are well suited to study based on 
registers of hospital admissions since almost all 
events result in a hospital admission (or death). Cases 
of MI can thus be identified by combining informa-
tion about hospital admissions and death [5]. Yet, 
discrepancies from the true number may still occur 
due to several reasons, such as (i) all MI patients do 
not seek hospital care, (ii) some present with atypical 
symptoms, (iii) the diagnostic criteria that are used at 
hospitals do not have 100% sensitivity and specific-
ity, (iv) on some instances the diagnosis that is made 
does not meet the criteria, and (v) coding errors 
occur in the medical records. However, despite these 
limitations, studies have shown that hospital admis-
sions and causes of death can be combined to cases 
of MI with reasonable accuracy [6].

In addition to identifying the cases accurately, epi-
demiological studies also require information about 
the size of the relevant population, i.e., that generates 
the cases. In particular the calculation of incidence 
rates requires access to the population at risk, i.e., 
excluding prevalent cases, or recurrent cases if the aim 
is to estimate the incidence of the first disease event. 
Calculation of the prevalence proportion requires 
information about the total population at a specific 
point in time (both the nominator and the denomina-
tor). The population registers in the Nordic countries 
offer a unique opportunity of this, but nevertheless 
require detailed and well-reasoned definitions.

The aim of this paper is to illustrate how the fun-
damental measures of disease occurrence, incidence 
rate and prevalence proportion, can be estimated 
based on population registers. MI will be used as an 
example and incidence rate and prevalence propor-
tion of MI will be calculated, together with a discus-
sion about the analytical decisions. Possibilities and 
limitations in relation to extensions to other diseases 
will be discussed.

Material and methods

Material

We draw on population register information for all 
individuals born 1904–1954 and living in Sweden 
from January 1, 1987 and followed until December 
31, 2014 [7]. Results are presented for ages between 
60 and 89 years old. Individual data were used.

The population was identified from the Total 
Population Register. Cases of MI were identified by 
combining hospital admissions or causes of death 
through the National Patient Register and the Cause 
of Death Register. The International Statistical 
Classification of Diseases and Related Health 
Problems (ICD) codes were used to identify MI 
admissions or deaths with codes I21 and I22 in ICD-
10 or 410 in ICD-9. MI was defined based on the 
main or secondary diagnoses of inpatient care in the 
National Patient Register or from the underlying or 
contributing causes of death in the Cause of Death 
Register.

Methods

Incidence rate, recurrent events, and prevalence propor-
tion. Age-specific incidence rates were calculated for 
men and women separately for first, recurrent, and 
all MI for each year between 1994 and 2014 when 
the individuals were between 60 and 89 years old. 
The number of cases for each age (attained age) and 
calendar year was divided by the corresponding 
number of person years at risk (the denominator). In 
order to estimate the first disease one would in the-
ory need information about the entire disease history 
of individuals. When using register data there is a 
time point when the register starts resulting in left 
truncation, i.e., before a certain time there is no 
information about the disease history of individuals, 
meaning that it is not possible to definitely define a 
first occurrence of disease. A practical way to handle 
this is to apply a period at start where events are dis-
regarded in calculations of disease occurrence and 
only individuals free of disease after the wash out 
period are followed up. A 7-year period was chosen 
for all individuals to ensure the same likelihood to 
capture first events of MI, which is the same wash 
out period used by the National Board of Health and 
Welfare [8]. The National Patient Register started to 
have national coverage in 1987 meaning that the fol-
low up in this study is presented from 1994 and 
onwards. When estimating all MI no such wash out 
period is needed but for coherence, results are pre-
sented from 1994 as well. In addition to apply the 
7-year period at start of follow up for everyone, we 
applied two procedures for calculating the incidence 
of first MI. In the first scenario the 7-year period was 
applied continuously over the follow up period, 
meaning that individuals were allowed to return to 
the population under risk of a “first” MI 7 years after 
the previous event. By this procedure the time series 
was set to be comparable over time. In the other sce-
nario, individuals could only experience one first MI, 
regardless of how many years that passed by since the 
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previous event (a period that became longer as the 
follow up time increased).

The incidence rate of all MI is all cases of MI in 
relation to the total number of person years at risk, 
i.e., all person years in the study population. A 
recurrent MI is defined as any MI that is not the 
first (based on the 7-year definition of a first MI) 
and occurs at least 28 days apart from the onset of 
the previous event [9]. This is because the World 
Health Organization and the Swedish National 
Board of Health and Welfare have been using 28 
days to separate events resulting from an ongoing 
MI from those related to a new MI. Another hospi-
tal admission for MI, or death, within the 28 days is 
considered as related to the ongoing MI and does 
not represent a new MI. The population at risk of 
recurrent MI thus consists of everyone who had a 
previous MI within the past 7 years and are not cur-
rently (28 days) experiencing an MI. The incidence 
for all MI is the average of the incidence rate for first 
MI and recurrent MI weighted according to the 
proportion in the population who are at risk of first 
and recurrent MI respectively. That is, the weights 
are determined by the prevalence of previous MI in 
the population.

Calculations of MI prevalence are not common, 
most investigations only consider incidence. This is 
because MI is usually seen as a non-chronic disease. 
Mortality is also high during the first period following 
the onset but declines quickly with time. However, a 
first MI can be seen as a first manifestation of lifelong 
coronary artery disease [10], and, thus, identifies a 
group of people at raised risk for heart disease. 
Therefore MI can be regarded as a chronic disease and 
the duration of first MI thus lifelong (see Figure 1(b)). 
We therefore calculated the prevalence proportion of 

MI as the proportion in the population having ever 
experienced an MI. However, because of the need for 
a wash out period at start we had to apply the 7-year 
period continuously over the period. Otherwise the 
accumulation of lifetime prevalent cases would be 7 
years at the start of the period but 27 years at the end 
of follow up, making the comparison unjust. In addi-
tion we calculated the prevalence proportion with 
duration of 28 days.

For both all MI and first MI we calculated how 
many prevalent cases of MI there was at the end of 
each month and divided this with the number in the 
population at the end of the month. A yearly average 
of the monthly figures was calculated. There is a gen-
eral relationship between incidence rate, prevalence 
proportion, and duration of disease so that the preva-
lence equals the incidence times the duration; the 
calculation of the duration must consider the mortal-
ity from the disease, which, e.g., reduces the duration 
from 28 days to about 20. 

Both Figure 1(a) and (b) display the interplay 
between incidence, fatal cases, disease duration, and 
prevalence. In particular, it indicates how decreased 
incidence drags the prevalence downwards and how 
improved survival with the disease (leading to 
increased duration) pushes the prevalence upwards.

An ethics approval for this study was obtained 
from the regional ethics committee in Stockholm, 
Dnr. 2011/136-31/5.

results

The results are based on 19,216,124 person years for 
men and 22,896,908 person years for women. In 
total, 355,698 events of MI occurred among men 
and 249,392 among women.

Figure 1. Flow chart of population at risk and MI events when MI is defined as (a) a non-chronic disease and (b) as a chronic disease.
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Incidence of first-and all MI declined over the 
study period (Figure 2(a) and (b)). Only among the 
oldest age group was there an increase in the begin-
ning of the period but after around year 2002 a 
prominent decline. The patterns are very similar for 
men and women. For first MI, the solid black line 
presents the results when a 7-year wash out period 
was used continuously over the period and the 
dashed black line when a 7-year disease free period 
was applied only at the start of the period. Results are 
similar even if the curves diverge in the oldest ages 
where most cases occur.

Figure 3 displays the trend of recurrent events 
calculated with consideration of the seven year cut 
off for definition of first MI. Overall, the incidence of 
recurrent MI has halved over the study period for 
both men and women (Figure 3). The decline is 
most pronounced in the highest age groups. In the 
oldest age group, there was however a large increase 
in the beginning of the period. The incidence rates of 
recurrent MI are almost equal between men and 
women.

Figure 4 presents the prevalence proportion of all 
MI, based on the assumption that the duration of a 
non-fatal MI is 28 days. The prevalence came down, 
in general, over the study period and estimates to 
around 0.7 per 1000 for men and 0.4 per 1000 for 
women in 2014. That is, among those between 60 
and 89 on average about 1 man out of 1000 and 1 
woman out of 2000 had a MI during the previous 
month. The exception is the three oldest age groups 
where the prevalence increased in the beginning of 
the period to come down around year 2002 and 
onwards but more pronounced compare to the 
younger age groups.

The prevalence proportion defined as having had 
an MI during the past 7 years also decreased, from 
around 5.5% to 4.5% among men and from 2.5% to 
2% among women (average over all ages 60–89 
years) (Figure 5).

Discussion

In this paper we have used Swedish population regis-
ters to assess the disease burden of MI as an example. 
A number of aspects have been illustrated. First, the 
issue of left truncation of data, that is; in order to 
capture the first disease event when the entire disease 
history is not known a wash out period has to be 
applied. Second, we illustrated that the wash out 
period can be used continuously onward in order to 
create comparable time periods, or if not, as time 
passes by the accuracy of a first disease event will be 
closer to reality – but less comparable with the values 
at the start of the follow up period. Which procedure 

is more correct? It depends on the study purpose. If 
one accurately wants to describe first events of MI in 
the population as long wash out period as possible is 
desirable. The draw back with this is that in the 
beginning of the period the incidence rate of first MI 
will be somewhat overestimated as compared to the 
later period and the decrease in incidence rate may 
thus appear more pronounced than what is real. The 
magnitude of this effect is visible in Figure 2. In the 
oldest age groups, the difference is about 10% 
between rates calculated with the 7-year wash out 
and rates calculated without the wash out. The effect 
is only seen in the older age groups because these are 
the only ones old enough to have experienced an MI 
prior to the observation period.

A third illustration was the estimation of recurrent 
events which requires a definition of the duration of 
the disease, that is; after what time period should 
another disease event count as a new event and not 
related to the first, and when should individuals be 
considered to be at risk for a new event. It is also 
important that the denominator (the population at 
risk) consists of individuals having experienced a pre-
vious disease event and therefore is at risk of recur-
rence. In order to keep comparability over time, the 
7-year period was applied also for recurrent events. 
That is, after a 7-year disease free period individuals 
were no longer under risk for a recurrent event but 
returned to being at risk of a first event. An alterna-
tive approach to estimating the incidence rate of 
recurrent events could be to look at the time-to-new 
event with Kaplan Meier-curves for each new yearly 
MI cohort. However, in this case when estimating 
incidence of first and all MI, it is of value to estimate 
incidence of recurrent events in a similar manner. 
Finally, we calculated the prevalence proportion of 
MI and illustrated that the choice of definition of the 
duration will result in different number of prevalent 
cases.

Interpretation of our findings

We found a decline in the incidence rate of all-, first-, 
and recurrent MI over time, in line with other studies 
[11–13]. The age specific incidence rate of first MI 
was expected to decrease given previous research 
[12]. For recurrent MI, however, a decline was not 
evident given that the first MI has been postponed to 
higher ages and the survival of the first MI has 
improved, both factors potentially making individuals 
more fragile after their first MI and therefore at higher 
risk of recurrent events. This turned out not to be the 
case. The risk of a recurrent MI is of course much 
higher than the risk of a first MI, but the risk has 
decreased considerable over time. It is beyond the 
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Figure 2. Incidence rate of first and all MI over time, 1994-2014: (a) men; (b) women.
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Figure 3. Incidence rate of a recurrent event of MI over time, 1994–2014: men and women.

Figure 4. Prevalence proportion of MI between 1994 and 2014, 28 days duration: men and women.
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scope of this paper to explore the mechanisms behind 
this decrease but it is likely that secondary prevention 
and treatment play roles. Worth mentioning is that the 
incidence rate of a recurrent MI is as large for women 
as for men even if women have about half the risk of a 
first MI as compared to men.

The prevalence proportion of MI was first calcu-
lated based on the definition that the duration of a 
non-fatal MI is 28 days. It declined over time, slightly 
more so for men than for women. Overall, the decline 
in the prevalence proportion is much smaller than 
the decline in the incidence rate, revealing the 
improvements in survival occurring over the study 
period [12]. Since there is a general relationship 
between incidence rate, prevalence proportion, and 
duration of disease these figures can be compared to 
the incidence rate results and show the mean dura-
tion of disease to be in the order of 20 days. Case 
fatality explains why the mean duration is 20 days 
rather than 28.

The survival from MI has increased considerable 
in parallel with the overall survival of the population, 
meaning that not only do individuals survive their 
MI to a higher extent; they also live longer in general. 
Both factors increase the prevalence proportion. 
Therefore, the observed decline in the prevalence 

proportion must be driven by the decline in the inci-
dence rates of MI. The decline in the prevalence also 
indicates that the decline in incidence was large 
enough to “compensate” for increased survival. 
When the duration of MI was set to seven years, 
there was still a decline in the prevalence proportion 
for men but the proportion remained fairly stable for 
women. Knowing that the incidence rates have 
declined substantially, the stability in the 7-year prev-
alence must stem from an improvement in survival, 
either short term survival (case fatality) or improve-
ment in overall survival causing the duration of the 
disease to increase.

The finding of a decline in the prevalence propor-
tion is in line with a Danish study that found the MI 
prevalence between 2000 and 2009 to decline. In 
2009 the prevalence proportion was around 3% for 
men and 1% for women in ages 35 years and older 
[14], lower than what we found. However, since we 
have a much older population it is expected that our 
prevalence proportion is higher. Similar findings was 
seen in a study from Canada where the prevalence 
proportion of MI in ages 20 and above was around 
2% in 2004 estimated as the proportion having expe-
rienced at least one MI between 1988 and 2004 [15]. 
Figures were in both studies presented as an average 

Figure 5. Prevalence proportion of MI between 1994 and 2014, 7-year duration: men and women.
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over all ages, and as we have shown, for both inci-
dence and prevalence, the results differ between ages.

Use of register data for measuring incidence 
and prevalence

MI is particularly well suited for studies on register-
based data because of the nature of the disease and 
because of standardized diagnostic criteria. There are 
a few other diseases equally suited, e.g., stroke and 
hip fracture [16]. However, diseases without a clear 
onset, like diabetes and rheumatoid arthritis, often 
do not require hospital inpatient care at disease onset, 
hence hospital admission data are not suited for 
studying incidence rate of such diseases. For some 
diseases where specific medications are prescribed to 
all or nearly all patients, e.g., diabetes, the Swedish 
Prescribed Drug Register can be used [17,18]. For 
cancer there is a specific disease register, the Cancer 
Register, which includes all diagnosed primary cases 
of cancer in Sweden. In addition to nationwide health 
data registers where reporting is compulsory by law, 
Sweden has around 100 quality registers [19]. These 
registers are not mandatory for health care providers 
to report to, but for some diseases the completeness 
is high and they can thus be used for estimations of 
disease occurrence.

Changes in diagnostic criteria and improvement 
in diagnostic tools will also influence the disease 
occurrence as measured by reporting to registers. For 
example, new diagnostic criteria for MI increased the 
incidence from one year to another in 2001. Also, the 
introduction of high-sensitivity cardiac troponin T 
assessment will detect more MIs. Further, the sensi-
tivity and specificity of reported diagnoses to the reg-
isters need to be assessed. For example, reported 
diagnoses for the very old could be of lower quality 
due to less diagnostic accuracy and lower autopsy 
rates. All of these aspects need to be taken into con-
sideration when interpreting the findings.

Conclusions

Calculating incidence and prevalence of diseases 
using population registers require detailed and well-
reasoned definitions. The definitions will affect both 
the study population and the number of disease 
events and it is essential that the cases and the study 
population are defined in a coherent way. This may 
have implications for interpreting how health has 
developed over time in the population and it requires 
caution when comparing results from different stud-
ies and countries since the procedure may be differ-
ent. If the total population serves as the population at 
risk without considering that ongoing cases are not at 

risk for the disease, the incidence rate will appear too 
small. Although the magnitude of this issue depends 
on how common the disease is. The different meas-
ures of disease occurrence, incidence, prevalence, 
recurrent events and survival, all contribute with dif-
ferent aspects of the disease panorama and interpret-
ing them together contributes to a more thorough 
understanding of the disease development in a popu-
lation than if only one of them is presented.

The population registers in the Nordic countries 
are unique and provide a wealth of data of immense 
importance to science and to planning and evalua-
tion of health care and public health interventions 
but they must be used with skill and insight.
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