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ABSTRACT
Introduction  Incidence rates of diabetes have been 
increasing and mortality rates have been decreasing. Our 
aim is the quantification of the effects of these on the 
prevalence and prediction of the future burden of diabetes.
Research design and methods  From population-based 
registers of Denmark, we derived diabetes incidence and 
mortality rates and mortality rates for persons without 
diabetes for the period 1996–2016. Rates were modeled 
by smooth parametric terms using Poisson regression. 
Estimated rates were used to assess the relative 
contribution of incidence and mortality to changes in 
prevalence over the study period as well as for prediction 
of future rates and prevalence 2017–2040.
Results  The major contributors to prevalence was 
increasing incidence (22%) and epidemiological imbalance 
between incidence and mortality (27%). The decrease in 
mortality rates over the period 1996–2016 contributes only 
9% of the prevalent cases at 2016. We estimated that 467 
000 persons in Denmark would be living with diabetes in 
2030. The age distribution of patients in the period 2017–
2030 is predicted to change toward older ages. The total 
number of persons needing diabetes care will increase by 
67% over the next 13 years, an average annual increase 
of 4.0%.
Conclusions  Lowering mortality among patients with 
diabetes even further is not likely to influence the 
prevalence substantially. Since the size and the increase 
in incidence of diabetes are major drivers of the increasing 
prevalence, the prevention of new cases of diabetes is 
required.

INTRODUCTION
Diabetes is among the leading causes of 
death in Europe with diabetic macrovascular 
and microvascular complications resulting 
in increased disability and enormous health-
care costs.1 It is unlikely that these costs will 
decrease any time soon; the number of patients 
will increase over the next decades. However, 
it is of importance for planning purposes (in 
all sectors of the healthcare system) that the 
likely number of patients with diabetes in the 
future is known as precisely as possible, but 
for preventive purposes also to know which 
factors drive the increasing prevalence.

Many countries have faced a rapid increase 
in diabetes prevalence.2 Data from the US 

Center for Disease Control and Preven-
tion show a near quadrupling of diagnosed 
diabetes from 5.5 million persons in 1980 
to 21.1 million in 2010.3 The most recent 
Scottish Diabetes Survey (2016) estimates 
that 5.4% of the population had a diagnosis 
of diabetes in Scotland at the start of 2016, 
compared with 4.1% in 2007.4

The increase in prevalence is most likely 
caused by an increase in incidence due to 
changes in underlying risk factors, primarily 
obesity and aging of the population. Signif-
icant declines in mortality rates have been 
reported, both in type 1 and type 2 diabetes.5–10 
Also, in the non-diabetic background popula-
tions, there has been a decrease in mortality, 

Significance of this study

What is already known about this subject?
►► Incidence rates of diabetes have been increasing.
►► Mortality rates have been decreasing both in the di-
abetic and non-diabetic population.

►► The equation prevalence=incidence/mortality does 
not take age structure of the population into account.

What are the new findings?
►► Increasing diabetes incidence over the period 
1996–2016 contributed 22% of the prevalent cases 
in 2016 and an epidemiological imbalance between 
incidence and mortality contributed 27%.

►► The decrease in mortality contributed only 9%.
►► An estimated 467 000 (7.7%) persons in Denmark 
will be living with diabetes in 2030.

►► The proportion of patients with diabetes over 70 
years is predicted to increase from 43% to 46% for 
women and from 38% to 45% for men.

How might these results change the focus of 
research or clinical practice?

►► Given the major contribution of incidence to increas-
ing prevalence, prevention of new diabetes cases 
remains a key effort.

►► The total number of people needing diabetes care 
will increase in the future.

http://drc.bmj.com/
http://orcid.org/0000-0001-8356-5565
http://crossmark.crossref.org/dialog/?doi=10.1136/bmjdrc-2019-001064&domain=pdf&date_stamp=2020-08-10
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but not to the same extent as among persons with 
diabetes.

The relationship between prevalence, incidence and 
duration (=survival with diabetes, the inverse of mortality) 
is usually stated as prevalence=incidence×duration=in-
cidence/mortality, so both increasing incidence and 
decreasing mortality contribute to increasing prevalence. 
The formula is only a rough approximation to reality as 
it concerns a steady-state situation and does not take the 
age structure of the population into account. As such, it 
should therefore be regarded as a qualitative statement 
about the relationship.

A number of papers have pointed this qualitative rela-
tionship out, but so far, the only study that has attempted 
a quantification is Evans et al, however not quantifying 
effects by age and using a very crude age adjustment with 
20-year age classes.11–13

There have been numerous reports predicting the 
future burden of diabetes, some even as far as 2050 or 
further, all ending with substantial predicted increases in 
numbers, mostly in the range 40%–60% for the period 
2015–2030.14–21

In this work, we used a newly established Danish 
Diabetes Register to provide the prevalent cases each year 
1996–2017, as well as the incident cases and deaths for the 
period 1996–2016 to model incidence and mortality rates 
for the period in order to quantify the relative contribu-
tion of the incidence and mortality to prevalence at 2017 
as well as the future incidence and mortality rates for the 
period 2017–2040, and ultimately the future number of 
patients with diabetes.22

RESEARCH DESIGN AND METHODS
Data
We used data from the Danish diabetes register to 
compute prevalence and incidence of diabetes and 
mortality among persons with and without diabetes for 
the period 1996–2016.22 As we are concerned with the 
total number of persons with diabetes in Denmark, we 
did not distinguish between type 1 diabetes and type 2 
diabetes.

Using prevalence, incidence and mortality for prediction
We estimated prevalence at 1996 as a smooth function of 
age using natural splines. Incidence and mortality rates 
were estimated as smooth functions of age and calendar 
time for the period 1996–2016 using age–period–cohort 
(APC) models with natural splines for the three effects.23

Starting with the estimated prevalences at 1 January 
1996 in 1-month age intervals, we used the estimated 
incidence and mortality rates to compute the prevalence 
in steps of 1 month for successive dates in the period 
of interest. The technicalities of this is given in online 
supplementary material.

Components of prevalence
The main idea is to begin with the prevalence of diabetes 
at 1 January 1996 and then use estimated incidence and 

mortality rates to predict future prevalence of diabetes—
independent of the absolute numbers. Thus, we are using 
the term 'prevalence' to refer to the proportion of persons 
in the population affected by diabetes.

We derived the predicted incidence and mortality rates 
from the APC models; we evaluated rates at 1-month 
intervals over the age range 0–100 and period 1 January 
1996 through 1 January 2017.

If we begin with the estimated prevalence as of 1 January 
1996 in 1-month age intervals, then a set of age-specific 
incidence and mortality rates can be used to predict from 
the prevalence at a given age. The fraction of persons 
with and without diabetes that will die during the next 
month, and the fraction of persons without diabetes that 
will get diabetes during the next month is a function of 
the rates. So we know the fraction of the persons that 
after the month will be alive with and without diabetes, 
and hence also the prevalence of diabetes 1 month later 
in a 1-month-older age. The crucial point here is that we 
update the prevalences, not the number of persons; the 
mathematical formulae are given in online supplemen-
tary material.

The interval of 1 month was chosen to minimize 
the probability of getting diabetes and subsequently 
die within one interval, a probability that we formally 
consider as 0 in the calculations.

This machinery was run separately for men and women, 
under four different scenarios for the age range 0–100 
and the period 1 January 1996 through 1 January 2017:
1.	 incidence and mortality rates as estimated—this sce-

nario should yield the actually observed prevalence at 
1 January 2017 (it did, see online supplementary ma-
terial figure 3).

2.	 Incidence rates as estimated, but mortality rates as-
sumed constant at the level of 1 January 1996.

3.	 Mortality rates as estimated, but incidence rates as-
sumed constant at the level of 1 January 1996.

4.	 Incidence and mortality rates both assumed constant 
at the level of 1 January 1996.

The difference between scenario 4 at 1 January 2017 
and the age-specific rates at 1 January 1996 is the increase 
in prevalence solely attributable to the imbalance 
between incidence and mortality as they were at 1 January 
1996; what we call the epidemiological imbalance as of 1 
January 1996. This is solely a function of the prevalences 
and incidence and mortality rates as of 1 January 1996 
(and the length of the period, in this case 21 years—the 
longer the period the more prominent this will usually 
be).

The difference between the prevalences based on 
scenarios 1 and 2 as well as the differences between 
scenarios 3 and 4 can both be seen as the contribution 
from changing mortality rates; the difference between 
the scenarios are whether mortality rates are used as 
changing or constant. We used the average of these 
two differences as the contribution from the changing 
mortality to the (age-specific) prevalence at 1 January 
2017.

https://dx.doi.org/10.1136/bmjdrc-2019-001064
https://dx.doi.org/10.1136/bmjdrc-2019-001064
https://dx.doi.org/10.1136/bmjdrc-2019-001064
https://dx.doi.org/10.1136/bmjdrc-2019-001064
https://dx.doi.org/10.1136/bmjdrc-2019-001064
https://dx.doi.org/10.1136/bmjdrc-2019-001064
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Similarly, the difference between scenarios 1 and 3 and 
between scenarios 2 and 4 can be seen as the contribu-
tion from changing incidences. We used the average of 
these two as the contribution from the changing inci-
dence rates to the (age-specific) prevalence at 1 January 
2017.

The sum of these three defined contributions is 
precisely the difference between the predicted preva-
lences at 1 January 2017 and the prevalences at 1 January 
1996, thus providing a partition of the change in age-
specific prevalences as of 1 January 2017 into three 
components attributable to changing mortality, changing 
incidence rates, and imbalance between mortality and 
incidence rates as of 1 January 1996.

Future prevalence
The APC models were used to extrapolate incidence and 
mortality rates for the period 2017–2040 by extending the 
linear part of the natural spline for period and cohort.24 
As a second scenario, the trends in extrapolated inci-
dence rates were attenuated by halving the slope every 5 
years. For sensitivity, we also made predictions based on 
annual incidence rate increases from the 2017 level of 0, 
2, 4 and 6%.

For each of these scenarios, we predicted the future 
prevalences by starting with the estimated prevalences 
as of 1 January 2017 and predicting in 1-month steps 
until 2040 as described earlier. Multiplying the projected 
age-specific prevalences by the predicted population 
size 2017–2040 from Statistics Denmark, we obtained 
the predicted number of patients with diabetes for the 
period 2017–2040. A detailed account of this procedure 
can be found in online supplementary material.

RESULTS
In the study period, during some 115 million person-
years, there were 363 664 new cases of diabetes and 
about 1.15 million deaths, of which 161 762 were among 
patients with diabetes (online supplementary table 
ESM1). There was a marked decrease in the number of 
new diabetes cases after 2012 and an increase again in 
2015 and 2016.22

Trends in incidence and mortality rates
From the fitted APC models, we extracted the average 
annual trend in rates; as seen from table 1, there was an 
average increase in incidence rates of diabetes of 2.8% per 
year. Mortality rates were decreasing; 2.7% per year for 
persons without diabetes, but 3.7% per year for persons 
with diabetes, and the relative mortality comparing with 
the general population was decreasing by 1.1% per year 
(table 1).

Components of prevalence
The predicted prevalences as of 2017 from combining 
age-specific prevalences in 1996 and the fitted inci-
dence and mortality rates from the APC models for the 
period 1996–2016 showed a very good agreement with 

the observed prevalences in 2017 (online supplementary 
figure ESM3). Thus, the prediction modeling of the inci-
dence and mortality rates method is sufficiently accurate 
to yield credible results for the scenarios considered.

The components of the prevalences as derived from 
the models are shown in online supplementary figure 
ESM4, where it is seen that the fraction of the diabetes 
prevalence attributable to decreasing mortality is quite 
substantial in older ages. However, it is equally clear that 
the dominant components in the changing diabetes prev-
alence are the increasing incidence and the fact that the 
prevailing incidence and mortality rates in 1995 were 
not in equilibrium with the prevalences, meaning that 
more people were diagnosed with diabetes than patients 
with diabetes were dying; the so-called epidemiological 
imbalance.

Figure 1 shows the number of patients with diabetes in 
the Danish population attributable to each of the contrib-
uting components. The mortality decrease has a compar-
atively small impact on the number of cases because its 
effect is confined to older ages where the number of prev-
alent diabetes cases is limited. The fraction of diabetes 
cases attributable to declining mortality over the period 
1996–2016 was 10%, whereas the fraction attributable to 
increasing incidence of diabetes was 20%, and 33% were 
attributable to the imbalance between incidence and 
mortality already present in 1996. The remaining 37% of 
prevalent cases in 2017 is the number corresponding to 
the age-specific and sex-specific prevalences as of 1996. 
There were only small differences between men and 
women (figure 1).

The development of the components as a fraction of 
all prevalent diabetes cases in different ages is shown in 
figure 2, and not surprisingly, the mortality decrease has 

Table 1  Average annual change (%) in diabetes incidence, 
mortality, and standardized mortality rates (SMR) in 
Denmark in the period 1996–2017.

Annual % change (95% CI)

No diabetes:  �

DM incidence

 � Men 2.95 (2.82 to 3.09)

 � Women 2.79 (2.64 to 2.93)

Mortality

 � Men −2.89 (−2.94 to −2.84)

 � Women −2.46 (−2.51 to −2.41)

Diabetes:

Mortality  �

 � Men −3.93 (−4.04 to −3.82)

 � Women −3.48 (−3.61 to −3.36)

SMR (DM vs no DM)  �

 � Men −1.11 (−1.22 to −0.99)

 � Women −1.16 (−1.28 to −1.03)

DM, diabetes mellitus.

https://dx.doi.org/10.1136/bmjdrc-2019-001064
https://dx.doi.org/10.1136/bmjdrc-2019-001064
https://dx.doi.org/10.1136/bmjdrc-2019-001064
https://dx.doi.org/10.1136/bmjdrc-2019-001064
https://dx.doi.org/10.1136/bmjdrc-2019-001064
https://dx.doi.org/10.1136/bmjdrc-2019-001064
https://dx.doi.org/10.1136/bmjdrc-2019-001064
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the largest impact on the prevalences in older ages. We 
found that the fraction attributable to mortality decline 
was around 5% in age 60, 10% in age 70 and almost 20% 
at age 80 for men, and slightly less in women (figure 2).

Future prevalence
At 1 January 2017, there were 280 130 prevalent cases 
of diabetes in the Danish population, corresponding to 
4.8% of the population.22

The incidence rates showed an increase until around 
2011, then a decrease from 2012 to 2014 and an increase 
again from 2015 (online supplementary figures ESM6‒8). 
It was therefore difficult to make any single soundly 
founded projections for the time beyond 1 January 
2017, so we used six different scenarios as described in 
the methods section. The resulting predicted numbers 
are shown in table 2 for all six incidence rate prediction 
scenarios using a 5-year halving time for attenuation of 
the trend in mortality rates. From table 2, it is seen that 
using the attenuation of incidence rates gives a predic-
tion between the scenarios with annual increase of 2% 
and 4%, for 2030 a total number of some 467 000 persons 
(260 000 men and 207 000 women) with diabetes, corre-
sponding to a 67% increase in the number of patients 
with diabetes from 2017 to 2030.

The other prediction scenarios have deliberately been 
chosen to be on the low side (fixed rates, ie, 0% annual 
increase) or high side (6% annual increase), and they 
produce estimates quite far from the attenuation estimate 
of prevalent number of patients with diabetes by 2030 
(392 000, respectively 526 000). The scenarios with 2% 

and 4% annual increase in incidence rates were chosen 
to be on either side of the average increase in rates over 
the entire period 1996–2016 (2.8%/year), and they 
produce estimates of 445 000 and 482 000, respectively; 
quite close to the results from the attenuation scenario.

A graphical representation of predicted numbers is 
given in figure 2.

We found minimal differences between the scenarios 
for the mortality rates; this can be seen from the graph-
ical representation of the predictions in online supple-
mentary figures ESM10‒12.

DISCUSSION
We have shown that over the last decades in Denmark, 
the decline in mortality has had some impact on the 
increasing prevalence of diabetes, whereas the major 
drivers of the prevalence increase have been the increase 
in diabetes incidence as well as the imbalance between 
incidence and mortality already present in 1995.

The absolute number of cases attributable to the 
different components is of course heavily dependent on 
the particular age distribution in the Danish population.

Figure 1  Age distribution of persons with diabetes in 
Denmark as of 1 January 2017 according to components of 
the changes in diabetes prevalence 1996–2016. Figures at 
the top is the number, respectively percentages attributable 
to the four factors. The colored areas are number of cases 
attributable to Mort: declining mortality (full color), Inc: 
increasing incidence (pale color) and Imbal: incidence/
mortality imbalance 1996 (weak color). The weakest color 
in the middle (Org) corresponds to the number of cases that 
would have been present if age-specific prevalences were as 
of 1 January 1996. Men in blue, women in red.

Figure 2  Observed and predicted number of patients with 
diabetes 1996–2030. Left panels are number of men (A), 
women (C) and total number of diabetic persons (E); right 
panels show age distributions in 10-year classes for men 
(B), women (C) and all (F). Blue is men, red is women and 
gray both sexes combined; different shades correspond to 
10-year age classes. The black vertical line delineates the 
observed (data) from the prediction.

https://dx.doi.org/10.1136/bmjdrc-2019-001064
https://dx.doi.org/10.1136/bmjdrc-2019-001064
https://dx.doi.org/10.1136/bmjdrc-2019-001064
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The finding of a decline in diabetes-related mortality is 
encouraging, although the resulting increase in diabetes 
prevalence obviously challenges the healthcare system. A 
larger number of older people will survive with diabetes 
complications with increased costs of diabetes treatment, 
as well as costs related to screening for and treatment of 
complications. On the other hand, the observed increase 
in diabetes incidence as a major driver calls for intensified 
preventive strategies in persons without diabetes. Thus, 
the increasing diabetes prevalence has different public 
health consequences according to the contributing prev-
alence components, a finding that underscores the value 
of a detailed examination as ours.

Comparison with other studies
Few studies have addressed the relative contributions of 
mortality vs incidence to diabetes prevalence. A recent 

study from Israel observed a deceleration in the upward 
trend in diabetes prevalence despite declining mortality.25

Støvring et al merely analyzed relative annual changes 
in incidence, prevalence and mortality, and no formal 
quantification of the relative impact of mortality and inci-
dence changes were made, so it is not possible to make 
a precise comparison.26 But the authors concluded that 
“Although our data do not allow a firm conclusion as 
to why prevalence is rising, we believe that the decrease 
in mortality should be taken into account. Otherwise, 
incorrect conclusions could be drawn about the relation 
between the western lifestyle and the rising number of 
diabetics.” This is indeed confirmed by this study as we 
estimate that as much as 10% of the current diabetes cases 
can be ascribed to the last 21 years’ decreasing mortality, 
less for ages under 70, somewhat more for older ages.

Table 2  Predicted number of prevalent patients with diabetes and prevalence 2017–2040, using six different prediction 
scenarios for incidence rates: naive prediction from a splines-based APC model, attenuation with halving of rate change per 
5 years, fixing rates at the level of 1 January 2017 and an increase of incidence of 2%, 4% and 6% per year (mortality rate 
changes are also attenuated by a halving of rate change per 5 years in all scenarios)

Date APC-naive Attenuation 0%/year

Fixed annual incidence increase

6%/year2%/year 4%/year

1 Jan N % N % N % N % N % N %

M  �   �   �   �   �   �   �   �   �   �   �   �

 � 2018 163 046 5.7 163 031 5.7 162 695 5.6 162 996 5.7 163 014 5.7 163 031 5.7

 � 2019 169 921 5.9 169 787 5.9 168 426 5.8 169 557 5.9 169 713 5.9 169 871 5.9

 � 2020 177 504 6.1 177 038 6.1 174 029 6.0 176 421 6.1 176 956 6.1 177 504 6.1

 � 2025 227 155 7.6 217 909 7.3 199 718 6.7 212 735 7.1 219 519 7.4 226 953 7.6

 � 2030 299 745 9.9 260 187 8.6 220 633 7.3 249 815 8.2 270 791 8.9 295 261 9.7

 � 2035 400 956 13.0 298 297 9.7 236 477 7.7 286 589 9.3 330 343 10.7 384 353 12.5

 � 2040 537 954 17.2 330 611 10.6 248 358 8.0 323 695 10.4 399 279 12.8 497 106 15.9

W  �   �   �   �   �   �   �   �   �   �   �   �

 � 2018 131 442 4.5 131 429 4.5 131 138 4.5 131 397 4.5 131 410 4.5 131 423 4.5

 � 2019 136 492 4.7 136 375 4.7 135 187 4.6 136 156 4.7 136 275 4.7 136 396 4.7

 � 2020 142 177 4.8 141 763 4.8 139 126 4.7 141 160 4.8 141 571 4.8 141 992 4.8

 � 2025 181 787 6.1 173 236 5.8 156 961 5.2 167 788 5.6 173 054 5.8 178 833 6.0

 � 2030 245 124 8.0 207 174 6.8 171 229 5.6 195 238 6.4 211 675 6.9 230 955 7.6

 � 2035 340 134 11.0 238 481 7.7 181 736 5.9 222 661 7.2 257 289 8.3 300 584 9.7

 � 2040 475 714 15.2 265 069 8.5 189 225 6.0 250 399 8.0 310 896 9.9 391 134 12.5

M+W  �   �   �   �   �   �   �   �   �   �   �   �

 � 2018 294 489 5.1 294 460 5.1 293 833 5.1 294 393 5.1 294 424 5.1 294 455 5.1

 � 2019 306 414 5.3 306 162 5.3 303 613 5.2 305 713 5.3 305 989 5.3 306 267 5.3

 � 2020 319 680 5.5 318 801 5.5 313 156 5.4 317 581 5.4 318 527 5.5 319 496 5.5

 � 2025 408 942 6.8 391 145 6.5 356 679 6.0 380 523 6.4 392 573 6.6 405 786 6.8

 � 2030 544 869 8.9 467 362 7.7 391 862 6.4 445 053 7.3 482 466 7.9 526 217 8.6

 � 2035 741 090 12.0 536 778 8.7 418 213 6.8 509 250 8.2 587 633 9.5 684 936 11.1

 � 2040 1 013 668 16.2 595 680 9.5 437 582 7.0 574 094 9.2 710 175 11.4 888 240 14.2

The boldface numbers are the predictions we report as the most reliable and used in figure 2. It should be noted that figures beyond 2030 
are very uncertain.
APC, age–period–cohort; M, men; W, women.
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Evans et al used Tayside (Scotland) data to attempt a 
quantification of the relative contributions of incidence 
and mortality.13 They showed that 60% of the increase 
in diabetes prevalence over the period 1993–2004 was 
attributable to the initial imbalance between incidence 
and mortality; 25% to the increasing incidence and only 
11% to decreasing mortality, which only in very broad 
terms is similar to our results; their study period was only 
half as long as ours.

In our most realistic scenario, we predicted the total 
number of patients with diabetes to be 467 000 in 2030, 
an increase of 67% over the level at the beginning of 
2017, which is more than other studies have found 
elsewhere.17 19 This corresponds to a crude prevalence 
of 7.7%, up from 5.0% in 2017. Our sensitivity analysis 
suggests that this number would hardly be less than 450 
000 nor above 500 000. Our predictions for 2040 are so 
variable between scenarios that we do not consider it 
relevant to use any of them; results for these years are 
merely included in table 2 to demonstrate their limited 
usefulness.

Sortsø et al used a similarly looking multistate model 
arriving at a prediction for 2040 of well over 1 million 
patents with diabetes in Denmark, possibly due to a very 
crude age classification (25-year intervals).27

Andersson et al used simple annual changes in inci-
dence and mortality rates for prediction of the number 
of patients with diabetes in Sweden and arrived at some 
50% increase in the number over the period 2013–2030 
(from some 500 000 to 750 000, derived from the figure in 
the paper), and also with quite large differences between 
scenarios even though the authors only used 1% increase 
in incidence rates (in Denmark, the average increase in 
diabetes incidence rates were 3.1%/year).17 Holman et al 
used predictions of the prevalence of obesity to inform 
the prediction of diabetes; they found that for England, 
the prevalence of diabetes would increase from 8.5% 
to 9.5% over the period 2015–2030, but did not model 
change in diabetes incidence rates beyond the depen-
dence on obesity.14

Because of the very large fluctuations in birth rates 
over calendar time and the uneven age distribution in 
the population, predictions of future numbers must rely 
on a prediction model for the rates of diabetes and death, 
which in turn is used to predict the fraction of persons in 
the population with diabetes/the prevalence. This is then 
converted to number of persons with diabetes using offi-
cial age-specific forecasts of population size in the future. 
In our approach, we have relied on Statistics Denmark’s 
population forecast which is based on assumptions of 
mortality and fertility trends in the entire population as 
well as assumptions about future emigration and immi-
gration patterns.

This way, we believe that we have produced fairly robust 
predictions, and in particular it is transparent what our 
assumptions are and the weaknesses of these. The central 
assumption we are making is that the most recent pace of 
change in incidence and mortality rates is not going to 

continue in the future; the rates will become more stable. 
This is implemented in our attenuation assumption. This 
was done in order not to overemphasize the effect of the 
changes in incidence rates only observed during the last 
few years of the study period.

The attenuation assumption is presumably most 
doubtful for mortality rates; they have been declining 
pretty constantly over the last 20 years with absolutely 
no sign of change, but on the other hand, the influence 
of different mortality scenarios on the predictions is 
minimal (online supplementary figures ESM5‒7).

Strengths and limitations
We developed a model for partitioning prevalence 
changes in three parts, which was based on applica-
tion of well-known demographic concepts and classical 
epidemiological modeling of occurrence rates. While 
this machinery in principle is straightforward to use to 
assess the contributions to current prevalence as well for 
predicting the total future prevalence, it does rely on the 
availability of detailed register data of diabetes incidence 
and mortality.

The register-based approach in our study has some 
limitations since it is not possible to determine whether 
the observed increase in diabetes incidence reflects a true 
change in incidence or whether it is caused by intensified 
diagnostic activity, resulting in more low-risk people with 
diabetes being included in the Danish diabetes register. 
Similarly, an apparent change in incidence may also 
result from an increasing number of persons receiving 
diabetes-defining services, for example, diabetes-specific 
podiatry or diabetic eye examination.22 Accordingly, 
such inaccuracies might influence the predicted future 
diabetes estimates; however, this is something we have 
tried to consider by applying six different prediction 
scenarios.

CONCLUSION
We showed that the increasing prevalence of diabetes is 
influenced by the decline in mortality affecting primarily 
the oldest part of the population. However, the major 
drivers of the prevalence increase were the increase in 
diabetes incidence and in particular imbalance between 
incidence and mortality already present in 1996.

With a realistic scenario for future rates of diabetes 
incidence and mortality among persons with and without 
diabetes, we predicted the number of patients with 
diabetes in Denmark at 2030 to be 467 000, a 67% increase 
over 2017, corresponding to an overall prevalence of 
7.7%. In 2017, the percentage of men among patients 
with diabetes were 54.6%; in 2030, it was predicted to 
be 56.1%, a very modest increase. The proportion of 
patients with diabetes over 70 years of age were predicted 
to increase from 43% to 46% for women and from 38% 
to 45% for men.

The development of incidence rates of diabetes in 
Denmark since 2010 has been very unstable, so any 
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prediction endeavor will naturally entail a substantial 
component of arbitrary assumptions, and ours is no 
exception.
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