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Summary
Background Discontinuation of diabetes medication in the last years of life has been suggested to improve quality of 
life while deemed safe to implement. However, the extent, patterns, and secular changes in discontinuation of 
glucose-lowering medication in older people with type 2 diabetes have been scarcely described. We therefore aimed to 
describe the trends in the use of glucose-lowering medication during the last 10 years of life of older people and 
explore how key clinical and socioeconomic covariates are associated with these patterns. 

Methods In this register-based cohort study, all individuals with type 2 diabetes who died aged 80 years or older 
between Jan 1, 2006, and Dec 31, 2018, were identified through the Danish Diabetes Register and linked to the 
Danish National Prescription Registry. We followed the population backwards in time from death to date of last 
medication intake. To estimate the cumulative proportion of people on glucose-lowering medication, a Poisson 
regression model for the rate of medication as a function of time before death (0 to 10 years before death) and 
calendar year of death (2006–18) was fitted. Both single-substance and combination glucose-lowering medications 
were included and categorised as insulins, sulfonylureas, metformin, DPP-4 inhibitors, GLP-1 analogues, 
SGLT2 inhibitors, acarbose, and thiazolidinediones. Insulin was further subdivided into four groups: fast-acting, 
intermediate-acting, long-acting, and mixed insulin. To identify which covariates were associated with discontinuation, 
estimates were adjusted for sex, age at death, diabetes duration at time of death, the total number of diabetes 
complications at time of death (from no complications to four or more), level of education, immigrant status, and 
income quartile.

Findings 52 523 individuals (28 746 [54·7%] females and 23 777 [45·3%] males) were identified, with a mean age at 
type 2 diabetes diagnosis of 77 years (SD 8), median age at death of 86 years (IQR 83–90), and median diabetes 
duration at death of 9 years (IQR 5–14). We found a considerable discontinuation of glucose-lowering medication 
during the last 10 years of life, with the proportion of people on glucose-lowering medication starting at between 89% 
(95% CI 87–91) in 2006 and 87% (86–88) in 2018 at 10 years before death and decreasing to between 52% (50–54) 
in 2006 and 38% (37–39) in 2018 at the time of death. Specifically, we found that the proportion of people on 
sulfonylureas, at any time before death, decreased substantially from 2006 to 2018, whereas the proportion on 
metformin and DPP-4 inhibitors increased with calendar year of death. Changes were less pronounced for the 
remaining medications. The overall discontinuation patterns changed with increasing calendar year of death, such 
that discontinuation rates increased and occurred earlier (further away from time of death) with increasing calendar 
year. Discontinuations were generally more pronounced during the last year of life. Proportions of people on 
medication and patterns of discontinuation, as well as the association with covariates, varied with medication class. 
Covariates most frequently associated with changes in discontinuation rates were sex, age at death, type 2 diabetes 
duration at death, and number of complications. For example, females were less likely to receive metformin than 
males at all years before death (rate ratio 0·91 (95% CI 0·89–0·94, p<0·0001), and there was a negative association 
between the proportion of individuals on metformin and increasing age at death (rate ratio per year increase 0·96 
[0·96–0·96], p<0·0001) and type 2 diabetes duration (0·95 per year increase [0·94–0·95], p<0·0001).

Interpretation Our results suggest that increased focus on and implementation of discontinuation of glucose-lowering 
medication in recent years might have had an effect on discontinuation patterns, particularly during the last year of life. 

Funding None.

Copyright © 2021 The Author(s). Published by Elsevier Ltd. This is an Open Access article under the CC BY-NC-ND  
4.0 license.

Introduction
The population of older people (aged ≥65 years) with 
type 2 diabetes is increasing, with numerous reasons for 
this development, including an increase in incidence, 
decrease in mortality, improved treatments, and longer 

life expectancy in general.1 In 2017, the peak prevalence 
of type 2 diabetes in Denmark was 19% for men and 
16% for women at the age of 80 years, and it is likely that 
the prevalence, in particular among the oldest people, 
will continue to increase.1,2

http://crossmark.crossref.org/dialog/?doi=10.1016/S2666-7568(21)00170-7&domain=pdf
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The treatment goals for type 2 diabetes are to reduce 
symptoms of hyperglycaemia, the risk of complications, 
and excess mortality, but there is little evidence to guide 
treatment decisions in people aged older than 75 years. 
The current glycaemic treatment targets, which aim to 
reduce microvascular and macrovascular complications, 
are mainly based on randomised controlled trials done in 
younger and homogeneous populations, and might not 
apply to older populations with varying health status.3 
Furthermore, although the beneficial effects of intensive 
glycaemic control on clinical outcomes are typically seen 
years after intervention, older individuals might not 
experience these benefits, partly due to shorter life 
expectancy, but be at a higher risk of severe hypo
glycaemia, which is particularly hazardous in older 
people.3–5 Additionally, when approaching the end of life, 
glycaemic targets become obsolete and the primary 
treatment goal is to avoid as much discomfort as possible, 
including hyperglycaemia, infections, and dehydration.6,7 
Consequently, both national and international guidelines 
have recognised the need for less stringent and more 
individualised glycaemic targets for older people.6,8,9 The 

Danish national guidelines are in agreement with the 
international guidelines.6,8,9

Discontinuing medication, a tool to reach more 
individualised glycaemic targets, has proved harmless to 
implement in older patients and has potential for 
improved quality of life.10 Despite these benefits, studies 
have reported that substantial proportions of older people 
are overtreated or candidates for discontinuation.11,12 These 
studies are primarily crosssectional, with small sample 
sizes and limited to specific populations.11,12 Knowledge of 
actual patterns and timing of discontinuation of glucose
lowering medication in the last years of life in older 
populations with type 2 diabetes is scarce. Furthermore, 
although guidelines have suggested more relaxed 
glycaemic targets in older individuals, it is not known to 
which extent this has led to actual changes in 
discontinuation patterns throughout the years. This 
information is important to provide optimal diabetes care 
to older people, while taking into account quality of life, 
and to reduce healthcare costs. We aimed to describe the 
extent, patterns, and secular trends in the use of glucose
lowering medication during the last 10 years of life 

Research in context

Evidence before this study
We searched PubMed for reports on discontinuation patterns of 
glucose-lowering medication before death, in older people with 
type 2 diabetes, published between database inception and 
Nov 30, 2020. No language restriction was applied, and the 
following search terms were used: “type 2 diabetes”, “aged”, 
“aged, 80 and over”, “discontinuation”, “deprescribing”, 
“disinfection”, “hypoglycemic agents”, “end of life care”, and 
“palliative care”, in various combinations. Only one previous 
study had examined proportions of glucose-lowering 
medication discontinuation in a deceased population, 
comparing the first and last quarter of the year before 
death. In this study, they found that, of people who died 
between 2011 and 2013, 78% were on glucose-lowering 
medication during the first quarter of the last year with a 
6% reduction by the fourth quarter. More specifically, they 
found the following reductions from the first quarter to the 
fourth quarter of the year before death: 15% to 14% for insulin, 
44% to 39% for metformin, 42% to 36% for sulfonylureas, and 
8% to 7% for other glucose-lowering medications. We therefore 
expanded our search, not limited to deceased populations. 
Previous studies have found differing degrees of discontinuation 
of glucose-lowering medication among older people with type 2 
diabetes and suggest an untapped potential for additional 
discontinuation. For the most part, these studies have examined 
narrowly defined or relatively homogeneous populations, often 
older people living in institutions, restricting knowledge to a 
selected population.

Added value of this study
In an unselected, heterogeneous, and representative 
population of older people with type 2 diabetes, we describe the 

extent, patterns, and secular changes of discontinuation of 
glucose-lowering medication during the last 10 years of life and 
identify clinical and socioeconomic factors that are associated 
with discontinuation. Our findings indicate a shift in patterns of 
discontinuation of glucose-lowering medication towards the 
end of life, when discontinuation tends to accelerate, and adds 
to our understanding of how different clinical and 
socioeconomic covariates are associated with these patterns. In 
general, our findings expand and add nuance to the current 
understating of discontinuation patterns of glucose-lowering 
medication towards the end of life.

Implications of all the available evidence
The evidence from this study sheds light on the evolving 
implementation of discontinuation of glucose-lowering 
medication at different stages before death and on the 
prescription patterns for the older adult population. 
The limited evidence in this field not only leaves us with 
numerous questions for further research, but also limits our 
ability to conclude on the concrete effect of these results on 
policy, as the proportion of targeted individuals off glucose-
lowering medication at time of death is unknown. However, 
we suggest that this study will provide important 
background information for authors of future guidelines as 
well as for decision makers in the public health system. 
Finally, the data presented here might inspire future 
randomised controlled trials in this difficult field that aim to 
provide evidence for treating without overtreating.
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of older people and explore how key clinical and 
socioeconomic covariates are associated with these 
patterns.

Methods
Study design and participants
Based on crosslinkage of nationwide Danish health 
registers, we did a registerbased cohort study using a 
reverse timescale. All individuals with a type 2 diabetes 
diagnosis who died aged 80 years or older, with a date 
of death between Jan 1, 2006, and Dec 31, 2018, were 
identified through the Danish Diabetes Register.1 
Information from five Danish nationwide registers was 
used to develop the Danish Diabetes Register, and an 
algorithm was used to identify individuals with either a 
type 1 or type 2 diabetes diagnosis.

The last redeemed prescriptions of glucoselowering 
medication, defined by Anatomical Therapeutic Chemical 
codes A10Axxx and A10Bxxx (appendix p 2), were 
identified and extracted from the Danish National 
Prescription Registry.13 Both singlesubstance and combi
nation glucoselowering medications were included 
and categorised as insulins, sulfonylureas, metformin, 
DPP4 inhibitors, GLP1 analogues, SGLT2 inhibitors, 
acarbose, and thiazolidinediones. Insulin was further 
subdivided into four groups: fastacting, intermediate
acting, longacting, and mixed insulin. Combination 
glucoselowering medication would thus contribute to 
more than one medication class.

Date of last medication intake for each type of medication 
was calculated as the date of last acquisition plus amount 
(package size multiplied by number of packages) divided 
by the prescribed daily dose. If the prescribed daily dose 
was not recorded, then the defined daily dose (as defined 
by WHO and which was available for all glucose
lowering medications) was used as a proxy for a 
streamlined and standardised assumption.14 Information 
on the prescribed daily dose was available for 8–60% of 
oral glucoselowering medications but not available for 
injectables (appendix p 2), partly due to the delayed 
introduction of dose information in the Danish National 
Prescription Registry (in 2004). Finally, the last date of 
intake of any glucoselowering medication was derived. 

Level of education was defined as the highest education 
achieved by the time of death and was categorised 
as low (primary and lower secondary), medium (upper 
secondary school), and high (shortcycle tertiary, 
bachelor’s or master’s degree, and doctoral degree), 
according to the International Standard Classification of 
Education.15 Immigrant status and country of origin were 
identified through the Danish Civil Registration System, 
and countries were categorised as western or non
western.16 Immigrants were defined as people born 
outside Denmark or with parents born outside Denmark 
and without Danish citizenship. Income quartiles (with 
the first being the lowest) were calculated as the mean 
household income in the last 10 years before death, based 

on information from the Income Statistics Register.17

Data on chronic diabetes complications were obtained 
from the National Patient Register, Register of 
Laboratory Results for Research, and the Danish Adult 
Diabetes Registry.18–20 International Classification of 
Diseases (revision 10) codes, together with the 
Danish procedure codes and Nomenclature for 
Properties and Units codes were used to define disease 
entities (appendix p 3). Only events at the time of or 
following a diabetes diagnosis were considered as 
complications, and the total number of complications 
at the time of death was calculated. Complications 
included six main groups: cardiovascular diseases, 
neuropathy, diabetic kidney diseases, retinopathy, 
amputations, and hypertensive diseases. The study was 
approved by the Danish Data Protection Agency.

Statistical analysis
Mean (SD) was calculated for symmetrically distributed 
continuous variables, median (IQR) was calculated for 
variables with skewed distributions, and percentages were 
calculated for categorical variables. Tests for differences 
in means between males and females were calculated 
using a oneway ANOVA Ftest or the KruskalWallis test 
for continuous variables. Pearson’s χ² test was used for 
categorical variables. A p value of less than 0·05 was 
considered significant.

We used a deceased population to be able to investigate 
time of discontinuation relative to time of death. To avoid 
conditioning on the future when modelling a deceased 
population, we constructed a Lexis object (Epi package) of 
followback time from time of death to date of last glucose
lowering medication (discontinuation) for people not on 
medication at death.21 Thus, entry time was date of death, 
and followup time was followback until date of 
discontinuation, censored at 10 years before death or date 
of type 2 diabetes diagnosis, whichever was closer to death. 
Followback time for each person was subdivided into 
intervals of 1 month, each interval with the time before 
death as one of the explanatory variables. We modelled the 
rate of last medication intake (discontinuation) with time 
before death and calendar year of death as underlying 
timescales, using a Poisson likelihood. Further explanatory 
variables were sex, age at death, type 2 diabetes duration at 
death, number of diabetes complications at death, level of 
education, immigrant status, and income at death (fixed 
variables within each person). Age and type 2 diabetes 
duration at death were both modelled using a linear effect. 
A regression model for the rate of medication 
discontinuation was fitted using a smooth parametric 
function with penalised splines of time before death as the 
baseline hazard of discontinuation. The proportion of 
individuals on a given medication at time of death was 
modelled separately for each combination of medications, 
using a binomial model with the effect of date of death as a 
smooth parametric function using penalised splines. The 
model for discontinuation rates (Poisson model) was 

See Online for appendix
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combined with the binomial model to compute the 
estimated proportion of the population on a given 
medication at a given time before death. Estimates were 
computed for selected values of the regression variables to 
illustrate how they affect the proportion of individuals on a 
given medication both in absolute and relative terms. The 
proportion of patients on each type of medication at a 
given time before death was computed as the sum of the 
proportion on medication at death plus the cumulative risk 
of medication as derived from the discontinuation rates.

Five adjusted regression models for the discontinuation 
rates were constructed with the following levels of 
adjustment (in addition to time before death): model 1 
was adjusted for sex; model 2 also adjusted for age at 

death; model 3 additionally adjusted for diabetes duration 
at time of death; model 4 additionally adjusted for the 
sum of complications at time of death (from no 
complications to four or more); and model 5 additionally 
adjusted for level of education, immigrant status, and 
income quartile. The rate ratios associated with the 
added variables are reported in tables, whereas the joint 
effects of calendar time of death and time before death 
are shown graphically as functions of time before death 
for selected values of date of death (calendar year of 
death). For analyses, the following were used as reference 
groups: male sex, no complications, low education, 
Danish origin, and first income quartile.

All data were anonymised and located at Statistics 
Denmark. R (version 4.0.2; 20200622) using the 
Epi package (version 2.44) and the mgcv package 
(version 1.833) were used for statistical analyses.

Role of the funding source
There was no funding source for this study.

Results
Between Jan 1, 2006, and Dec 31, 2018, 52 523 individuals 
(28 746 [54·7%] females and 23 777 [45·3%] males) 
died aged 80 years or older, with a mean age at type 2 
diabetes diagnosis of 77 years (SD 8), median 
age at death of 86 years (IQR 83–90), and a 
median type 2 diabetes duration at death of 9 years 
(5–14) (table). 31 913 (60·8%) patients had either no 
or one registered complication at time of death, 
26 061 (49·6%) had the lowest level of education, and 
50 472 (96·1%) were of Danish origin. At the time of 
death, 29 474 (56·1%) patients had cardiovascular 
diseases, 4045 (7·7%) had neuro pathy, 18 945 (36·1%) had 
diabetic kidney diseases, 4176 (8·0%) had retinopathy, 
2597 (4·9%) had amputations, and 20 100 (38·3%) had 
hypertensive diseases (appendix p 4). Females were older 
at type 2 diabetes diagnosis and at death and had longer 
type 2 diabetes duration, and a higher proportion of 
females had a low educational level and belonged to the 
lower income quartile (table).

Figure 1 shows the proportions, patterns, and secular 
changes of discontinuation, distributed by calendar 
year of death. When comparing people who died in 
2006–18, we found that the proportion of individuals on 
sulfonylureas decreased substantially, at any time before 
death, whereas the proportion on metformin and 
DPP4 inhibitors increased with calendar year of death. 
Changes were less pronounced for the remaining 
medications. The proportion of people on any glucose
lowering medication at the time of death decreased over 
time, from 52% (95% CI 50–54) in 2006 to 38% (37–39) 
in 2018 (figure 2A). Discontinuations were particularly 
pronounced during the last year of life and were initiated 
earlier for individuals who died in recent calendar years, 
meaning that fewer people were on glucoselowering 
medication from 6 years to 0 years before death in 2018 

Full sample (n=52 523) Males (n=23 777) Females (n=28 746) p value*

Age at type 2 diabetes 
diagnosis, years

77 (8) 76 (8) 77 (8) <0·0001

Marital status ·· ·· ·· <0·0001

Married 14 942 (28·4%) 11 409 (48·0%) 3533 (12·3%) ··

Widowed 29 957 (57·0%) 8827 (37·1%) 21 130 (73·5%) ··

Divorced 4758 (9·1%) 2008 (8·4%) 2750 (9·6%) ··

Single 2866 (5·5%) 1533 (6·4%) 1333 (4·6%) ··

Age at death, years 86 (83–90) 85 (82–89) 87 (83–91) <0·0001

Duration of type 2 
diabetes at death, years

9 (5–14) 9 (4–14) 10 (5–15) <0·0001

Number of 
complications

·· ·· ·· 0·0040

0 16 457 (31·3%) 7391 (31·1%) 9066 (31·5%) ··

1 15 456 (29·4%) 6982 (29·4%) 8474 (29·5%) ··

2 11 669 (22·2%) 5264 (22·1%) 6405 (22·3%) ··

3 6433 (12·2%) 2910 (12·2%) 3523 (12·3%) ··

≥4 2508 (4·8%) 1230 (5·2%) 1278 (4·4%) ··

Education ·· ·· ·· <0·0001

Low 26 061 (49·6%) 10 426 (43·8%) 15 635 (54·4%) ··

Medium 11 143 (21·2%) 6943 (29·2%) 4200 (14·6%) ··

High 4066 (7·7%) 2623 (11·0%) 1443 (5·0%) ··

Missing 11 253 (21·4%) 3785 (15·9%) 7468 (26·0%) ··

Immigrant status† ·· ·· ·· <0·0001

Danish 50 472 (96·1%) 22 972 (96·6%) 27 500 (95·7%) ··

Non-western 873 (1·7%) 401 (1·7%) 472 (1·6%) ··

Western 1178 (2·2%) 404 (2·7%) 774 (2·7%) ··

Income quartiles ·· ·· ·· <0·0001

First (lowest) 13 127 (25·0%) 5154 (21·7%) 7973 (27·7%) ··

Second 13 127 (25·0%) 5598 (23·5%) 7529 (26·2%) ··

Third 13 126 (25·0%) 5688 (23·9%) 7438 (25·9%) ··

Fourth 13 126 (25·0%) 7328 (30·8%) 5798 (20·2%) ··

Missing 17 (<0·1%) 9 (<0·1%) 8 (<0·1%) ··

Data are median (IQR), n (%), or mean (SD). Percentages might not sum to 100 because of rounding. *Tests for 
differences in means between men and women were calculated by one-way ANOVA F-test for continuous variables or 
with Kruskal-Wallis test when not normally distributed. Pearson’s χ² test of independence was used for categorical 
variables with expected counts above 5 in all cells. †Western countries included EU countries, Andorra, Australia, 
Canada, Iceland, Liechtenstein, Monaco, New Zealand, Norway, San Marino, Switzerland, the USA, and the Vatican. 
Non-western countries include Albania, Bosnia and Herzegovina, Belarus, Yugoslavia, Kosovo, Macedonia, Moldova, 
Montenegro, Russia, Serbia, Soviet Union, Turkey, Ukraine, and all African, Asian, and Oceanic countries (except 
Australia and New Zealand), south and central American countries, and stateless.

Table: Description of the study population characteristics at time of death
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compared with 2006 (figure 2B). We further found a 
decrease in the number of different glucoselowering 
medications at the time of death with increasing calendar 
year of death, in absolute numbers. When comparing 2006 
with 2018, we found that 49% versus 62% died without 
any glucoselowering medication, 44% versus 30% died 
with one type of glucoselowering medication, and 
7% versus 8% died with more than one type of glucose
lowering medication (figure 3).

Across calendar year of death, we found a continuous 
discontinuation of metformin during the last 10 years of 
life, which was particularly pronounced during the last 
year before death (figure 1). Although the proportion of 
people on metformin at 10 years before death increased 

with increasing calendar year of death (figure 1), the 
proportion at time of death had a reversed Ushaped 
trajectory, increasing from 2006 to 2012 with a subsequent 
decrease (figure 4). When adjusting for all covariates 
(appendix p 6), females were less likely to receive 
metformin than males at all years before death 
(10 years to 0; rate ratio 0·91 [95% CI 0·89–0·94], 
p<0·0001; figure 5A). We found a negative association 
between the proportion of patients on metformin and 
increasing age at death (rate ratio per year increase 0·96 
[95% CI 0·96–0·96], p<0·0001) and type 2 diabetes 
duration (0·95 per year increase [0·94–0·95], p<0·0001; 
figure 5B, C). A negative association was also found for 
increasing levels of education and higher income 

Figure 1: Proportion of patients on different types of glucose-lowering medication as a function of time before death, subdivided by year of death
The end point of each curve is the proportion of patients on each type of glucose-lowering medication at death. Shaded areas represent 95% CIs. A crude model was 
used to construct the figure.
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quartiles (rate ratio 0·87 [95% CI 0·83–0·92], p<0·0001, 
for the highest level of education and 0·92 [0·88–0·97], 
p<0·0001, for the fourth income quartile; figure 5E, G). 
Furthermore, with increasing number of complications, 
there was a positive association with the proportion 
of patients on metformin (rate ratio 1·30 [95% CI 
1·22–1·39], p<0·0001, for four or more complications; 
figure 5D). Finally, individuals with nonwestern 
immigrant status were more likely to be on metformin 
than individuals of Danish origin (rate ratio 1·21 [95% CI 
1·09–1·33], p<0·0001; figure 5F).

Contrary to metformin, the use and therefore the 
proportion of patients on sulfonylureas decreased with 
increasing calendar year of death. Discontinuation 
patterns also changed with calendar year of death, from 
patterns resembling those of metformin, with a 
continuous discontinuation from 10 years to 1 year before 
death, with a noticeable increased rate during the last 

years of life, to a more rapid, linear decrease from 10 years 
before death to time of death (figures 1, 4). We found that 
females (rate ratio 0·85 [95% CI 0·82–0·87], p<0·0001) 
were less likely to be on sulfonylureas, and that increasing 
level of education (0·89 [0·84–0·95], p<0·0001, highest 
level), and the third income quartile (0·95 [0·91–1·00], 
p=0·037) was associated with a decreased proportion of 
patients on sulfonylureas. Instead, increasing number of 
compli cations (rate ratio 1·29 [95% CI 1·22–1·36], 
p<0·0001, for three complications) and nonwestern 
immigrant status (1·25 [1·21–1·39], p<0·0001) were 
associated with an increased proportion of individuals on 
sulfonylureas (appendix p 7).

Insulin use increased slightly with increasing calendar 
year of death, driven by the increased use of both long
acting and fastacting insulin (appendix p 14). The 
discontinuation pattern of insulin remained similar across 
calendar year of death and had a relatively flat course, with 
only a slight decrease up until 1 year to 6 months before 
death, at which point discontinuation rates increased 
rapidly (figures 1, 4). When adjusting for all covariates, we 
found that females (rate ratio 0·92 [95% CI 0·88–0·96], 
p<0·0001), individuals with the highest level of 
education (0·91 [0·83–1·00], p=0·040), and individuals 
with increasing age at death (0·97 [0·97–0·98], p<0·0001) 
were less likely to be prescribed insulin. By contrast, 
increasing number of complications (rate ratio 3·48 
[95% CI 3·17–3·82], p<0·0001, for four or more 
complications), as well as longer type 2 diabetes 
duration (1·09 [1·08–1·09], p<0·0001), were positively 
associated with the proportion on insulin (appendix p 8).

The proportion of patients on DPP4 inhibitors increased, 
at any point before time of death, with increasing calendar 
year of death. Simultaneously, there was an increased 
discontinuation rate towards death, which accelerated 
during the last year of life, particularly for those who died 
in 2016–18 (figures 1, 4). Females (rate ratio 0·84 [95% CI 
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death, by year of death

2006 2008 2010 2012 2014 2016 2018
0

10

20

30

40

50

60

70

80

90

100

Pr
op

or
tio

n 
on

 m
ed

ica
tio

n 
(%

)

Calendar year of death

0 1 >1
Number of treatments



Articles

www.thelancet.com/healthy-longevity   Vol 2   September 2021 e567

0·78–0·91], p<0·0001) were less likely to be on 
DPP4 inhibitors, and increasing age at death (0·96 
[0·95–0·97], p<0·0001) was negatively associated with the 
proportion of people on DPP4 inhibitors, whereas 
increasing number of complications (1·36 [1·15–1·62], 
p<0·0001, for four or more complications) was positively 
associated with the proportion on DPP4 inhibitors. 
Other covariates had no significant association with 
discontinuation rates (appendix p 9).

Similar to DPP4 inhibitors, we found an increase in 
the proportion of patients on GLP1 analogues and on 
SGLT2 inhibitors with increasing calendar year of 
death but these increases were not as prominent as 
for DPP4 inhibitors (figures 1, 4; appendix p 15). The 
discontinuation pattern of GLP1 analogues varied with 
time from death and calendar year, such that the 
increased rate of discontinuation occurred earlier (further 
away from time of death) with increasing calendar 
year of death (appendix p 15). Females (rate ratio 0·78 
[95% CI 0·66–0·93], p=0·0045) were less likely to be 
on GLP1 analogues, and increasing age at death (0·86 
[0·84–0·88], p<0·0001) had a negative association, 
whereas the number of complications (1·77 [1·21–2·59], 
p=0·0034, for four or more complications) and increasing 
type 2 diabetes duration (1·06 [1·05–1·08], p<0·0001) 
had a positive association with proportion of patients on 
DPP4 inhibitors (appendix p 10).

Discontinuation patterns for SGLT2 inhibitors, con
versely, had a more constant decreasing trajectory across 
calendar year of death (appendix p 15). Longer type 2 
diabetes duration (rate ratio 1·03 [95% CI 1·00–1·06], 
p=0·043), a medium level of education (1·45 [1·03–2·03], 
p=0·033), and nonwestern immigrant status (2·69 
[1·03–7·03], p=0·044) were all associated with higher 
proportion of patients on SGLT2 inhibitors, at any point 
in time during 10 years before death. While increasing 
age at death (rate ratio 0·92 [95% CI 0·88–0·95], 
p<0·0001) was associated with a lower proportion of 
patients on SGLT2 inhibitors (appendix p 11).

For a detailed description of discontinuation patterns 
of acarbose and thiazolidinedione, see the appendix 
(pp 5, 15). Associations between covariates and discon
tinuation rates can be found in the appendix (pp 12–13).

Discussion
Based on Danish nationwide registers, we have described 
proportions, patterns, and secular changes of discon tinuation 
of glucoselowering medications during the last 10 years of 
life in a population of older individuals with type 2 diabetes. 
Discontinuation patterns and proportions varied by calendar 
year of death and time before death in years and by 
medication class; however, discontinuation rates increased 
during the last year of life across medication classes and 
calendar year of death. The proportion of patients on any 
glucoselowering medication at the time of death decreased 
with increasing calendar year of death; additionally, the 
proportion of patients on no glucoselowering medication 

increased, whereas the proportion on one glucoselowering 
medication decreased.

Increased discontinuation rates during the last year 
of life indicate that recommendations to remove 
unnecessary medications in the context of short life 
expectancy are being adhered to. Furthermore, decreasing 
glucose concentrations towards the end of life, owing 
to sparse food intake, might contribute to increased 
discontinuation rates. Although the increased and earlier 
occurrence of discontinuation could be explained by an 
increased attention to the benefits of discontinuation, 
other mechanisms, such as a shift towards safer glucose
lowering medication in case of reduced kidney function, 
might explain part of the continuous discontinuation of 
all glucoselowering medication in the study, except 
insulin and linagliptin (a DPP4 inhibitor), since these 
medications are independent of kidney function.22

Only one previous study has described discontinuation 
patterns in a population of deceased older people, who 
died at older than 80 years of age. Hamada and Gulliford 
found that 78% of the UK population was on glucose
lowering medication during the first quarter of the last 
year of life; by the fourth quarter, prescriptions were 
reduced by 6% among people who died between 
2011 and 2013.23 This reduction was much smaller than 
that found in our study, as we describe a reduction of 
22–27% with varying starting points from 73% to 64% at 
1 year before death, depending on calendar year of death. 
More specifically, Hamada and Gulliford found reductions 
from the first quarter to the fourth quarter of the year 
before death of 15–14% for insulin, 44–39% for metformin, 
42–36% for sulfonylureas, and 8–7% for other glucose
lowering medications. Both proportions and changes in 
proportions on glucoselowering medication vary such 
that greater proportions of our population were on insulin 
and fewer on metformin, while reductions were vastly 
greater in our study. An explanation could be differing 

Figure 4: Proportion of patients on glucose-lowering medication at time of death, by year of death and 
medication type
Shaded areas represent 95% CIs.
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drug use patterns between countries and inclusion 
criteria; Hamada and Gulliford included individuals 
who regularly visited their general practitioner (every 
3 months), whereas our study was nondiscriminative.

Overall, the proportion of patients on glucoselowering 
medication at death decreased with increasing calendar 
year, yet 38% (95% CI 37–39) of the population died with 
some form of glucoselowering medication in 2018. 
There might be several explanations for this finding, and 
it is worth mentioning that the propor tion of the targeted 
population off glucoselowering medication at time 
of death is unknown. Death might not have been 
anticipated, and discontinuation might not have been 
indicated because of risk of hyperglycaemia, infections, 
dehydration, or other barriers. Clinicians have reported 
barriers in terms of scarcity of evidence to guide decision 
making, and lack of time for informed and shared 
decision making to ensure that patients with type 2 
diabetes do not feel like their care is being diminished 
due to advancing age.11,24 From the patient’s point of view, 
there are barriers such as the belief that medications cure 
disease, deficient awareness of the potential and 
consequences of overtreatment, and the dynamic nature 
of chronic illnesses and treatment thereof.24

Covariates such as sex, age at death, type 2 diabetes 
duration, number of complications, and level of 
education were both positively and negatively associated 
with discontinuation rates, although their associations 
varied between medication classes. Similar to our 
findings—ie, increasing age increased the probability of 
being on sulfonylureas, whereas the opposite was true 
for insulin and metformin—Hamada and Gulliford 
found that individuals older than 90 years were more 
likely to be prescribed sulfonylureas, but less likely to 
be prescribed metformin and insulin, than younger 
individuals.25 Maciejewski and colleagues found that 
deintensification was less common with increasing age, 
whereas individuals with increasing numbers of chronic 
conditions and who were female were more likely to 
have treatments deintensified or discontinued.26 We 
found the same association for females but, contrary 
to Maciejewski and colleagues, we found that an 
increased complication load was mainly associated with 
a decreased rate of discontinuation. This difference 
could be due to the differing definitions of chronic 
conditions and complications.

Weiner and colleagues found insulin discontinuation to 
be associated with shorter diabetes duration, fewer diabetes 
complications, glycated haemaglobin values of less 
than 7·0% (53 mmol/mol), and use of longacting insulin.27 
Unfortunately, we did not have access to the same covariates, 
but in line with Weiner and colleagues’ findings, we found 
that longer type 2 diabetes duration and increasing 
complication load were associated with a greater likelihood 
of being on insulin.

All Danish residents are provided with equal tax
supported health care, including partial reimbursement 

Figure 5: Effect of explanatory variables on proportion of patients on metformin before death
(A–G) Illustrating the effect of different explanatory variables adjusted for in model 5 of the Poisson regression model 
for metformin. For each figure, only one variable is varied while the others are fixed, allowing us to isolate the effect of 
that variable on the discontinuation rate. When fixed, they are fixed at male sex, death at 85 years of age, type 2 
diabetes duration of 9 years, no complications, low education level, no immigration status, and first (lowest) income 
quartile. Shaded areas represent 95% CIs.
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for prescription medication by the Danish National 
Health Service, which promotes healthcare equality. 
Still, medication prices can be an issue when choosing 
between treatments. This potential incomedriven 
inequality was not reflected in our results, with the caveat 
that it is difficult to specify available income of individuals 
in retirement.

Secular changes in proportions of the study population 
on medication at 10 years before death and at time of 
death are partially reflections of changes in drug use 
patterns for this age group.25,28 Sulfonylureas have been a 
firstline therapy since the 1960s, but became less popular 
with increased availability of newer drugs in the 2000s, 
with similar trends in other countries.11 The risk of 
hypoglycaemia and weight gain with sulfonylureas in 
comparison to other drugs might contribute to the 
declining popularity.29 The increased use of metformin is 
probably due to an adaptation of guidelines, suggesting 
metformin as firstline therapy since 2005.30 We found 
that the increase in insulin use was driven by an increase 
in longacting and fastacting insulins. Longacting insulins 
have a modestly lower risk of hypoglycaemia than 
intermediateacting insulins, which might be part of the 
explanation for this increase. Another reason could be that 
insulin use is independent of kidney function and has no 
gastrointestinal sideeffects, which is important in the 
older adult population.6,8 As for fastacting agents, these 
are often used as escape medicines in nursing homes and 
outpatient care systems.

The proportion of individuals on GLP1 analogues, 
DPP4 inhibitors, and SGLT2 inhibitors increased as they 
were launched on the market (between 2006 and 2012); 
DPP4 inhibitors had the most substantial increase. As is 
the case with the older treatments, there is little evidence 
to guide treatment decisions with newer treatments in 
older people. However, DPP4 inhibitors have been 
proven to be well tolerated with few sideeffects, have no 
effect on weight, and have a low risk of hypoglycaemia, 
properties that are all especially preferable for treatment 
of older people.31 By contrast, GLP1 analogues are 
associated with gastrointestinal sideeffects and induce 
varying degrees of weight loss and have only been 
available as injectables.32 SGLT2 inhibitors are associated 
with weight loss, mycotic genital infections, dehydration, 
and orthostatic blood pressure, all inherently more 
common among older people, while also associated with 
low risk of hypoglycaemia.33

A major strength of our study was that we used reliable 
data derived from valid and complete national registers. By 
assessing the discontinuation patterns of glucoselowering 
medication based on information from nationwide 
registers with complete coverage and continuous updates 
on demographics, hospital contacts, laboratory test results, 
and redeemed prescriptions, we were able to minimise 
selection bias and gather a representative cohort treated in 
both hospital outpatient clinics and general practice. 
Inclusion of the latter is of particular importance because 

approximately 80% of people with type 2 diabetes are 
treated by general practitioners in Denmark. The detailed 
data made it possible to use a proper continuous time 
model for discontinuation rates. Another strength of using 
the Danish National Prescription Registry, which provided 
us with detailed descriptions of redeemed prescriptions at 
any given time, was the elimination of recall bias.

There are potential limitations to our study. First, 
although Poisson regression models were adjusted 
for a number of potential confounders, we had no 
information on lifestyle factors (alcohol use, smoking, 
and physical activity), selfmanagement abilities, geriatric 
syndromes, frailty indicators, multi morbidity, degree of 
polypharmacy, sideeffects, or glycated haemoglobin 
and estimated glomerular filtration rate at date of 
discontinuation. These factors might cause residual 
confounding and might have strong associations with 
discontinuation rates. Second, information on medication 
compliance and reasons for discontinuation were 
unavailable. We did not have information on medication 
use during the hospital stay, which could have resulted in 
misclassification of discontinuation dates, estimating 
these as occurring earlier and thereby underestimating 
the proportion of people who died while receiving glucose
lowering medication. The lack of prescribed daily dose 
for some glucoselowering medications, and thus the use 
of defined daily dose to define the date of last intake, 
could result in mis classification leading to both an 
underestimation and overestimation of proportions. 
However, the use of prescribed daily dose when available 
might have reduced this risk. Finally, limitations also 
include underestimation of retinopathy and neuropathy, 
as mild forms are rarely registered.

In conclusion, we found a substantial discontinuation of 
glucoselowering medication during the last 10 years of 
life, which was particularly pronounced during the last 
year of life. Our data suggest that increased attention to 
individual and tailored treatment goals, as well as benefits 
of discontinuation has resulted in both increased and earlier 
discontinuation with time. Discontinuation of glucose
lowering medication was predominantly associated with 
sex, age at death, type 2 diabetes duration at death, and 
number of complications, but to varying degrees 
dependent on medication type. Further studies should 
focus on assessing how outcomes such as hospital 
admission, hypoglycaemia, and hyperglycaemia are 
associated with discontinuation.
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