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Summary

Background Despite advances in primary and secondary prevention of cardiovascular disease, excess mortality persists
within the diabetes population. This study explores the components of this excess mortality and their interaction with
sex.

Methods Using Danish registries (2002-2019), we identified residents aged 18-99 years, their diabetes status, and
recorded causes of death. Applying Lexis-based methods, we computed age-standardized mortality rates (asMRs),
mortality relative risks (asMRRs), and log-linear trends for cause-specific mortality.

Findings From 2002 to 2019, 958,278 individuals died in Denmark (T2D: 148,620; T1D: 7830) during 84.4 M person-
years. During the study period, overall asMRs declined, driven by reducing cardiovascular mortality, notably in men
with T2D. Conversely, cancer mortality remained high, making cancer the leading cause of death in individuals with
T2D. Individuals with T2D faced an elevated mortality risk from nearly all cancer types, ranging from 9% to 257%
compared to their non-diabetic counterparts. Notably, obesity-related cancers exhibited the highest relative risks: liver
cancer (Men: asMRR 3.58 (3.28; 3.91); Women: asMRR 2.49 (2.14; 2.89)), pancreatic cancer (Men: asMRR 3.50 (3.25;
3.77); Women: asMRR 3.57 (3.31; 3.85)), and kidney cancer (Men: asMRR 2.10 (1.84; 2.40); Women: asMRR 2.31
(1.92; 2.79)). In men with type 2 diabetes, excess mortality remained stable, except for dementia. In women,
diabetes-related excess mortality increased by 6-17% per decade across all causes of death, except cardiovascular
disease.

Interpretation In the last decade, cancer has emerged as the leading cause of death among individuals with T2D in
Denmark, emphasizing the need for diabetes management strategies incorporating cancer prevention. A sex-specific

approach is crucial to address persistently higher relative mortality in women with diabetes.
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Introduction and improved treatment of risk factors and CVD during
Elevated cardiovascular disease (CVD) risk and subse-  the last two d.ecades have decre?sed CYD mortality., both
quent CVD-related mortality have predominantly sha- among individuals with and without diabetes.' This has
ped mortality patterns in individuals with diabetes. contributed substantially to the decrease in overall

However, secular trends in cardiovascular risk factors mortality in individuals with either type 1 diabetes (T1D)
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Research in context

Evidence before this study

We searched PubMed for population-based papers published
from database inception to July 1, 2023, which reported on
associations of diabetes and sex with all-cause and cause-
specific mortality. We used search terms related to exposure
(diabetes, diabetes mellitus, diabetes type 1, diabetes type 2,
sex, gender) and outcomes (mortality, cause of death, cause-
specific mortality, survival, cancer mortality, cancer-specific
mortality).

Prior research indicates a decline in overall mortality rates
among people with diabetes, along with a shift in causes of
death. Nevertheless, the specific patterns of this shift vary
among countries. Cancer has been identified as a
predominant cause of death among individuals with type 2
diabetes in some studies. However, the nuances of this
association, encompassing cancer types and sex-specific
influences, remain inadequately elucidated.

Added value of this study

We found that all-cause mortality declined from 2002 to
2019 in individuals with and without diabetes, primarily due
to improved cardiovascular mortality, particularly among
men. Despite this, cancer-related mortality remained
considerable, ultimately surpassing cardiovascular disease as

or with type 2 diabetes (T2D) observed across several
countries.”

Despite this consistent pattern of declining mortality,
individuals with diabetes continue to manifest a sub-
stantial excess mortality compared to the general pop-
ulation without diabetes.? Recent research has indicated
a significant contribution of cancer to the surplus
mortality associated with diabetes, with cancer over-
taking CVD as the primary cause of death in individuals
with T2D in the US, the UK, and Hong Kong.*”

The association between diabetes and cancer inci-
dence has been well-established in previous population-
based studies.** This relationship is thought to operate
through both direct mechanisms (such as hyperglyce-
mia) and indirect mechanisms (shared risk factors, such
as obesity)." Furthermore, emerging research un-
derscores a more pronounced impact of diabetes on
cancer incidence among women compared to men.'

However, the relationship between diabetes and
cancer-related mortality is less evident, and there is a
scarcity of data addressing how the type of cancer and
sex influence this association. Moreover, little research
has investigated the potential interaction between sex
and diabetes in time trends in excess mortality associ-
ated with diabetes over the past two decades.

Employing the extensive Danish national registers
and a validated algorithm distinguishing between type 1
and type 2 diabetes, we aimed to investigate the impact of
diabetes and sex on trends in overall and cause-specific

the leading cause of death in people with type 2 diabetes.
Individuals with type 2 diabetes exhibited relatively high
mortality for several cancer types, notably pronounced for
obesity-related cancers such as liver, pancreatic, and kidney
cancers.

Declines in cause-specific mortality rates were less
pronounced among women with type 2 diabetes compared
to their non-diabetic counterparts, leading to an expanding
diabetes-associated mortality gap for nearly all causes of
death, a phenomenon not observed in men.

Notably, dementia-related mortality rates consistently rose
throughout the study period, with a significantly steeper
increase observed among both men and women with type 2
diabetes compared to their non-diabetic counterparts.

Implications of all the available evidence

Cancer has surfaced as the foremost cause of mortality among
those with type 2 diabetes in Denmark, underscoring the
necessity for customized diabetes management protocols
encompassing cancer prevention and treatment strategies. A
sex-specific approach is essential to tackle the persistent
mortality disparity linked to diabetes, particularly among
women.

mortality, especially cancer-related mortality, from 2002
to 2019 in Denmark.

Methods

Study population and design

This population-based cohort study was conducted us-
ing the nationwide Danish registries to identify all res-
idents living in Denmark aged 18-99 years in the study
period 1 January 2002 to 31 December 2019. The
Danish registries contain routinely, prospectively
collected health data based on all contacts to the tax-
funded universal healthcare system, and the validity
and completeness of the Danish registries is generally
considered to be high."

The study population was identified using informa-
tion from the national civil registration system, which
contains complete individual information on immigra-
tions and emigrations to and from Denmark, date of
birth, sex, continuously updated information on vital
status, as well as the encrypted unique personal identi-
fication number assigned to all residents of Denmark.
This unique number permits accurate linkage of
recorded information in the nationwide Danish regis-
ters at the individual level.

All-cause and cause-specific mortality

Information on date of death was obtained from the
Danish Civil Registration System," which was
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established in 1968 and contains daily updated infor-
mation on vital status.

Information on cause of death was obtained from the
Danish Cause of Death Register," which since 1994
contains information on the underlying cause of death
using ICD-10 codes as registered by the doctor certi-
fying the death.

We categorized cause of death into six non-
overlapping groups according to the following ICD-10
codes for the primary cause of death: cardiovascular
disease (I00-15, 120-25, 126-52, 160-69, 170-99), cancer
(C00-C97), diabetes (E10-14), dementia (FOO, FO1, FO03,
G30, G31.8, G31.9), respiratory disease (J00-99), and all
other causes (remaining ICD-10 codes).”"

Furthermore, we subcategorized cancer deaths into
deaths as due to non-obesity or obesity related cancer,
where the latter was based on the definition used by the
WHO." Obesity related cancer included the following
ICD10 codes: esophagus (C15), upper stomach (C16),
colorectal (C18-20), liver (C22), gallbladder and biliary
tract cancer (C23-24), pancreas (C25), kidney (C64),
thyroid (C70), meningioma (C73), and multiple
myeloma (C90). Uterine and ovarian cancer (C54-56)
and breast cancer (C50, only if the cancer was diagnosed
after age 50 years) were categorized as obesity related
cancers in women. Non-obesity related cancers included
all cancers excluding the aforementioned and non-
melanoma skin cancers.

Exposure

Individuals with diabetes were identified using data
from the Danish National Patient Register,” which
contains information on all hospital contacts and di-
agnoses since 1977, the Danish National Prescription
Registry," which contains information on all redeemed
prescriptions at Danish pharmacies since 1995, and the
Danish National Health Service Register," which con-
tains information on contacts with primary health care
(eg, general practice, dentists, and podiatrists) since
1990. The identification of the diabetes population and
the classification of diabetes into type 1 and type 2 was
performed using a validated algorithm,' although we
had no information on HbAlc available on a national
level. In brief, diabetes was defined at the second
occurrence of any event across three inclusion events: 1)
hospital diagnoses of diabetes, 2) diabetes-specific ser-
vices received at a podiatrist, 3) purchases of glucose-
lowering drugs (ignoring purchases of insulin during
pregnancies as potential gestational diabetes and met-
formin purchases in women below 40 years of age as
potential treatment for polycystic ovary syndrome, and
ignoring information on purchases of drugs for weight
loss). Individuals were classified as having T1D if they
had received at least one prescription for insulin after
diagnosis of diabetes combined with a diagnosis of T1D
from a medical hospital department. Otherwise, in-
dividuals with diabetes were classified as having T2D."*
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Diabetes status was treated in a time-dependent
manner, allowing individuals to change status from
unexposed to exposed during follow-up.

Ethics approval

According to Danish law and the Committee on Health
Research Ethics in the Central Denmark Region, studies
based on registry data, such as this, requires no ethical
approval, nor patient consent for use of their registered
data. In accordance with Danish law, the study was
approved by the Central Region Denmark (file no. 1-16-
02-304-19).

Statistical analyses

We included all individuals from 1 January 2002 (start of
follow-up), their 18th birthday, or immigration into
Denmark, whichever came last. They were followed
until 31 December 2019 (end of follow-up), death, or
emigration, whichever came first. Follow-up time was
classified according to diabetes status. Time after dia-
betes onset was classified as T1D or T2D depending on
the classification algorithm.

We applied a Lexis-based methodology to determine
cause-specific death counts and the total person-time at
risk for each calendar and age year. Using these aggre-
gates, we computed age-standardized mortality rates
(asMRs) for 2002-2010 and 2011-2019, standardized
according to the 2002 population. The asMRs were
stratified by diabetes status (without diabetes, T1D,
T2D), sex, and cause of death. To assess the diabetes-
related excess mortality, age-standardized mortality
rate ratios (asMRRs) were calculated by comparing
asMRs among those with diabetes (T2D and T1D) to
those without diabetes for 2002-2010 and 2011-2019,
respectively, and stratified on sex and cause of death.

As rates decreased over the follow-up period, we also
reported time trends in cause-specific mortality from
2002 to 2019. They were obtained using Poisson
regression, with linear trends on the log-rate scale,
indicating a constant relative change on the rate scale. In
visual inspections of time trends, we did not see clear
departures from linear trends on the log-rate scale. No
formal testing was done, since the large sample size
would lead to rejection of linearity with minor and un-
important deviations from linearity. Trends were strat-
ified by diabetes status, sex, and cause of death and
presented as change per decade (with ten years chosen
for means of interpretation only). This means, for
instance, that a trend estimate of 1.02 implies a 2%
increase in rate per decade. Comparisons were made
between trends in individuals with diabetes and those
without diabetes to derive a trend ratio, indicating the
relative change in excess mortality per decade for in-
dividuals with diabetes compared to their non-diabetic
counterparts.

All estimates are reported with 95% confidence in-
tervals (CI). Stata 17.0 was used for statistical analyses.
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Role of the funding source

Supported by Steno Diabetes Center Aarhus, which is
partially funded by an unrestricted donation from the
Novo Nordisk Foundation. Author TL was supported by
a grant from the Danish Diabetes and Endocrine
Academy, which is funded by the Novo Nordisk Foun-
dation (grant number NNF17SA0031406). The funding
source had no involvement in the study design; in the
collection, analysis, and interpretation of data; in the
writing of the report; or in the decision to submit the
paper for publication.

Results

From 2002 to 2019, a total of 958,278 individuals died in
Denmark (without diabetes: 801,828, T2D: 148,620;
T1D: 7830) over a cumulative risk duration of 84.4
million person-years (without diabetes: 80,556,547;
T2D: 3,579,037; T1D: 305,885) (Table 1). The corre-
sponding unadjusted MRs were 10.0 deaths per 1000
person-years for individuals without diabetes, 41.5 for
those with T2D, and 25.6 for those with T1D.

Trends in overall mortality

Age-standardized mortality rates declined over the study
period among individuals with and without diabetes, for
both men and women (Table 1, Supplementary
Figure S1). Men had consistently higher mortality
rates but more favorable mortality trends than women
within each diabetes stratum over the study period. For
instance, men with T2D experienced a 27% (95% CI:
26-28) decrease in overall mortality per decade during
the study period, whereas women with T2D experienced
a 21% (95% CI: 19-22) decrease in overall mortality per
decade (Table 1).

Trends in cause-specific mortality

In individuals with T2D, declining mortality rates over
time were observed for all causes of death, except for
dementia in both men and women and respiratory dis-
ease in women (Fig. 1 and Table 1). Nevertheless,
elevated mortality risk persisted, ranging from around
30%-75%, across neatly all causes of death in in-
dividuals with T2D when compared to those without
diabetes (Table 2).

Among women with T2D, time trends in mortality
were less favorable than for women without diabetes for
all causes of death (excluding CVD) with trend ratios
ranging from 1.06 to 1.17 (Table 2). In contrast, in men,
time trends in mortality were similar regardless of dia-
betes, except for deaths attributable to dementia for
which relative risks associated with diabetes increased
over time.

The most marked decline over time in cause-specific
mortality was observed in CVD-related deaths, particu-
larly among men with T2D with asMRs per 1000
person-years declining from 94 (95% CI: 92-96) in

2002-10 to 59 (95% CI: 58-60) in 2011-19 (Table 1 and
Fig. 1).

In contrast to the steep decline in CVD mortality,
cancer mortality rates declined less during the study
period, and cancer became the primary cause of death
among women with T2D in 2008 and among men with
T2D in 2012 (Fig. 1). Time trends in cancer mortality
were similar in men without diabetes and in men with
T2D (trend ratio: 1.02; 95% CI 0.99-1.04), however,
women with T2D had an 8% (95% CI: 4-11) lower
decline in cancer mortality per decade compared to
women without diabetes (Table 2).

Notably, dementia was the only cause of death with
increasing asMRs among individuals with T2D in the
study period (Table 1 and Fig. 1), and the dementia
mortality per decade increased 17% (95% CI: 9-26)
more in women with T2D and 13% (95% CI: 3-24)
more in men with T2D compared to their non-diabetic
counterparts (Table 2).

In individuals with T1D, diabetes remained the
largest single cause of death during the study period
despite a decline in the diabetes-related mortality per
1000 person-years from 141 (95% CI: 131-152) in
2002-10 to 97 (95% CI: 88-106) in 2011-19 among men
and from 115 (95% CI: 105-124) in 2002-10 to 83 (95%
CI: 75-92) in 2011-19 among women (Fig. 1 and
Table 1). The most notable adverse influence of T1D on
mortality trends was evident in dementia-related mor-
tality among women, as indicated by the trend ratio of
1.68 (95% CI: 1.03-2.75) (Table 2).

Cancer mortality due to obesity and non-obesity
related cancer

When stratifying cancer mortality into non-obesity and
obesity related cancers, the results varied with both
diabetes status and sex (Fig. 2 and Table 3). However,
the results were inconclusive in individuals with T1D
due to small numbers of each cancer type, and the re-
sults from the T1D population is not further com-
mented upon in this section.

Overall, individuals with T2D had an excess risk of
dying from both obesity and non-obesity related cancers
compared to individuals without diabetes (Fig. 2), with
the excess risk ranging from 10% (men, prostate cancer)
to 260% (women, pancreatic cancer) in 2011-19
(Table 3). Regardless of diabetes status, men exhibited
higher asMRs from non-obesity related cancer than
from obesity related cancer. Notably, women with T2D
had higher asMRs from obesity related cancer than
from non-obesity related cancer, whereas women
without diabetes had similar asMRs for obesity and non-
obesity related cancer (Fig. 2).

For obesity related cancers, individuals with T2D
exhibited notably higher mortality rates compared to
those without diabetes. This was particularly evident in
liver, pancreatic, and kidney cancer, where individuals
with T2D demonstrated approximately 2-3 times higher
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Total follow-up, 2002-19 Without diabetes Type 2 diabetes Type 1 diabetes
Death, numbers 801,828 148,620 7830
Risk time, yrs 80,556,547 3,579,037 305,885
Crude MR per 1000 yrs 10 42 26
2002-10 2011-19 2002-19 2002-10 2011-19 2002-19 2002-10 2011-19 2002-19
asMR  95% Cl asMR  95% Cl Trend® 95% Cl asMR  95% Cl asMR  95% Cl Trend® 95% Cl asMR  95% Cl asMR  95% Cl Trend® 95% Cl
Men
All-cause mortality 169 169 170 135 134 135 0.77 0.77 078 310 305 314 234 231 237 0.73 072 074 412 393 431 301 284 318 0.62 0.59 0.66
Cause-specific mortality
Cardiovascular 55 55 56 34 34 35 0.58 058 059 94 92 96 59 58 60 0.57 056 0.58 90 81 100 63 55 71 0.59 0.52 0.67
Cancer 47 47 48 M 41 41 0.83 082 084 69 68 71 61 59 62 084 082 086 73 66 80 56 50 62 073 0.64 0.82
Dementia 5.9 58 61 83 81 84 142 137 146 6.0 55 65 88 83 92 1.60 147 175 6.1 3.0 91 638 43 92 169 0.99 291
Diabetes n/a n/a 49 47 51 31 30 32 0.58 056 060 141 131 152 97 88 106 0.56 051 0.62
Respiratory 19 18 19 16 16 17 0.85 083 086 24 23 25 22 21 23 0.87 0.83 091 23 18 28 25 19 31 0.82 0.65 1.04
Others 42 41 42 35 34 35 0.83 082 084 67 65 69 53 51 54  0.80 0.78 083 78 70 86 53 46 60 0.63 0.55 0.71
Women 073 064 082
All-cause mortality 118 118 119 96 95 96 0.81 080 081 219 215 222 166 164 168 0.79 0.78 0.81 323 308 339 250 235 264 0.76 071 0.82
Cause-specific mortality
Cardiovascular 36 35 36 22 22 22 059 058 060 62 61 64 37 36 38 0.57 0.56 059 79 71 86 49 43 55 0.64 0.55 074
Cancer 35 34 35 30 30 30 0.86 085 087 53 52 55 46 45 47 0.92 0.9 0.95 60 53 66 46 41 52 0.83 0.72 097
Dementia 6.4 63 66 91 89 92 147 144 151 5.7 54 61 9.0 86 94 173 161 185 4.6 25 68 97 6.7 13 2.48 152 4.04
Diabetes n/a n/a 32 31 33 20 19 20 0.61 0.58 0.63 115 105 124 83 75 92 0.65 058 0.73
Respiratory 13 13 13 12 12 12 0.90 089 092 19 18 20 18 18 19 1.03 098 108 18 14 22 17 13 21 0.83 0.63 110
Others 28 28 28 23 23 23 0383 0.82 084 46 45 48 36 35 36 0.89 086 092 48 42 54 44 39 50 1.00 0.85 118
yrs, years; asMR, age-standardized (to the 2002 population) mortality rate; CI, confidence interval. *Trend in mortality per 10 years. A value of 0.84 implies a 16% decrease in mortality per 10 years.
Table 1: Total number of deaths, risk time (years), and crude mortality rates per 1000 person years (MR) from 2002 to 2019 stratified by diabetes status (without diabetes, type 2 diabetes, and type 1 diabetes) as
well as age-standardized (to 2002 population) mortality rates per 1000 person years (asMR) for 2002-10 and 2011-19, respectively, and trend in mortality per 10 years for 2002-2019, stratified by diabetes status,
sex, and cause of death in Denmark.
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Fig. 1: Age-standardized cause-specific mortality rates per 1000 person years (asMR) stratified by diabetes status (without diabetes,

type 2 diabetes, and type 1 diabetes) and sex. *Indicating change in the y-axis interval.

mortality rates than individuals without diabetes
(Table 3). Furthermore, T2D was associated with a
30-40% higher risk of death from colorectal cancer
(CRC), and a 40% higher risk of death from breast
cancer among women above 50 years at breast cancer
diagnosis.

For non-obesity related cancers, individuals with
T2D also experienced elevated mortality rates compared
to those without diabetes, particularly for central ner-
vous system (CNS) cancer in both men and women, as
well as breast cancer in women diagnosed at below 50
years of age. Furthermore, the highest cause-specific
mortality rate was observed in men with T2D who
died from lung cancer, and diabetes appeared to worsen
the trend in lung cancer mortality during the study
period for both men and women (Table 3).

Discussion

Our study is the most comprehensive study yet to explore
the effect of diabetes and sex on trends in cause-specific
mortality, with a focus on site-specific cancer deaths,
during the past two decades in a nationwide cohort.

In this study, we found declining overall mortality
rates (2002-19) in individuals with and without diabetes,
primarily due to reductions in cardiovascular mortality,
particularly among men. However, cancer mortality
decreased only slightly over the study period, making it

the most common cause of death in individuals with
T2D and without diabetes, surpassing cardiovascular
disease.

Unlike men, women experienced a widening
diabetes-associated mortality gap across all causes of
death (excluding CVD) during the study period.

Among individuals with T2D, there was an elevated
mortality risk compared to individuals without diabetes
for several cancer types, and this was particularly
marked for obesity-related cancers like liver, pancreatic,
and kidney cancers. For non-obesity-related cancers, the
most notable association with diabetes was for lung
cancer mortality. Lastly, we observed increasing
dementia-related mortality, contrasting with other cau-
ses of death, and this trend was higher in T2D in-
dividuals than those without diabetes.

Our findings are similar to findings of previous studies
in other countries, identifying an overall decline in mor-
tality during the past two decades for both individuals with
and without diabetes.**” The decline in overall mortality
among individuals with T2D was primarily due to a
reduction in cardiovascular mortality, which has also been
reported in previous studies.”” This improvement can be
attributed to secular trends in risk factors and improve-
ments in treatment in the past three decades.*”

Despite these advances, individuals with T2D still
exhibited a significant excess mortality compared to
their non-diabetic  counterparts.  Sex-dependent

www.thelancet.com Vol 41 June, 2024
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Type 2 diabetes vs without diabetes

Type 1 diabetes vs without diabetes

2002-10 2011-19 2002-19 2002-10 2011-19 2002-19
asMRR  95% Cl asMRR  95% CI Trend  95% Cl asMRR  95% Cl asMRR  95% CI Trend  95% Cl
ratio” ratio”
Men
Cause-specific mortality
Cardiovascular 1.70 1.66 174 1.72 1.68 176 0.98 0.95 1.00 1.63 1.47 181 184 1.62 209 1.01 089 114
Cancer 1.47 1.42 151 1.48 1.45 1.52 1.02 099 104 154 1.40 171 1.37 123 1.53 0.88 0.78 0.99
Obesity cancer 1.84 1.77 1.92 191 1.85 198 1.02 0.97 1.07 187 1.60 218 1.90 1.62 2.23 0.96 0.79 1.16
Non-obesity cancer 1.27 1.22 1.32 1.27 1.23 131 1.02 0.98 1.06 1.35 117 155 1.07 0.91 127 080 0.67 0.95
Dementia 1.01 093 11 1.06 1.01 112 1.13 1.03 124 1.03 059 178 0.82 056 1.20 1.19 0.69 2.05
Diabetes
Respiratory 1.30 124 135 1.36 131 141 1.02 098 1.08 1.25 1.01 155 1.53 121 194 0.97 0.77 1.23
Others 1.60 154 166 151 146 157 0.97 094 1.00 1.87 1.69 207 153 134 175 0.76 0.67 0.86
Women
Cause-specific mortality
Cardiovascular 1.75 171 1.79 1.70 1.66 174 0.98 0.95 1.01 221 200 245 225 1.97 2.57 1.08 0.93 1.26
Cancer 1.53 148 158 1.54 15 158 1.08 1.04 111 1.72 154 192 153 136 173 0.97 084 113
Obesity cancer 167 1.60 1.74 1.70 1.64 1.76 1.08 1.03 1.13 1.96 1.69 227 182 154 215 1.05 0.85 1.29
Non-obesity cancer 1.39 132 147 138 1.33 144 110 1.04 1.16 1.54 1.30 1.83 1.24 1.02 150 087 0.69 1.11
Dementia 0.89 0.83 0.95 0.99 095 1.03 117 1.09 126 0.72 044 118 1.06 078 146 1.68 1.03 2.75
Diabetes
Respiratory 1.46 139 1.52 1.56 151 1.62 114 1.08 120 139 112 171 1.44 114 1.82 0.92 069 121
Others 1.64 1.58 1.70 1.56 151 1.60 1.06 1.03 1.10 1.69 1.49 192 1.95 171 2.23 1.20 1.02 1.42

asMRR, age-standardized mortality rate ratio; Cl, confidence interval. *Mortality trend ratio per 10 years. A trend ratio of 1.13 implies a 13% increase in the diabetes-associated excess mortality per 10 years.

Table 2: Cause-specific age-standardized mortality rate ratios (asMRRs) for 2002-10 and 2011-2019, respectively, and trend ratio per 10 years (indicating the relative change in
excess mortality) for individuals with diabetes (type 2 or type 1 diabetes) compared to individuals without diabetes, stratified by sex.

variations were observed, with men experiencing stable
diabetes-related excess mortality over the study period,
except for dementia. In contrast, women consistently
faced widening diabetes-related mortality gaps for all
causes of death, excluding cardiovascular disease.
Steeper declines in all-cause mortality in men
compared to women with T2D have previously been
reported in the US.’ Initial improvements in overall
and cardiovascular mortality among individuals with

Without diabetes

Y
3

w & oo
w & o

~
o

ASR per 1,000 person years

asMR per 1,000 person years

o

0

Type 2 diabetes

diabetes in the latter part of the last century have
mainly enhanced survival in men, without similar
benefits being observed in women.'® Hence, it is
disconcerting that our results suggest a persistent and
widening adverse impact of diabetes on mortality in
women, while the mortality trend among men with
T2D mirrors that of men without diabetes.

The transition to cancer as the predominant cause of
death in those with T2D aligns with earlier population-

Type 1 diabetes

asMR per 1,000 person years

T T T T T
2010 2015 2020 2000 2005

Year

2000 2005
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2010 2015 2020

Year

T T T
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Men

Obesity cancer”
Non-Obe cancer

Women
Obesity cancer™
Non-Obe cancer

Fig. 2: Age-standardized mortality rates per 1000 person-years (asMR) for obesity related and non-obesity related cancer in individuals
without diabetes, with type 2 diabetes, and type 1 diabetes, stratified by sex. *Obesity related cancer was defined as cancer in the following
organs: Esophagus, upper stomach, colorectal, liver, gallbladder/biliary tract, pancreas, breast cancer (diagnosed >50 years), uterus, ovary, kidney,

thyroid, multiple myeloma, and meningioma.
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Without diabetes

Type 2 diabetes

Type 2 diabetes vs without diabetes

2002-10 2011-19 2002-19 2002-10 2011-19 2002-19 2002-10 2011-19 2002-19
asMR  95% Cl asMR  95% Cl Trend® 95% Cl asMR  95% Cl asMR  95% Cl Trend® 95% Cl asMRR  95% Cl asMRR  95% Cl Trenti 95% ClI
ratio”

Men

Obesity related
Esophagus cancer 1.66 159 173 157 151 1.64 090 086 0.96 213 179 248 199 176 222 0.95 0.81 110 1.29 1.09 152 1.26 112 143 1.05 0.89 123
Stomach cancer 148 141 155 132 126 138 0.91 086 097 1.92 166 219 1.81 159 203 093 079 109 130 112 151 137 120 156 102 0.86 121
Colorectal cancer 6.20 6.05 634 4.85 474 497 0.75 073 078 801 749 853 674 63 718 074 0.69 080 1.29 121 139 139 130 149 0.99 091 1.08
Liver cancer 0.86 081 091 1.07 1.02 112 1.20 112 129 3.56 321 391 3.83 355 411 1.05 0.94 117 4.13 3.68 4.63 3.58 328 391 0.87 0.76 0.99
Gallbladder/biliary tract 0.27 024 030 0.28 026 031 1.02 089 117 0.61 044 079 049 037 0.6 0.81 0.61 1.09 2.26 1.66 3.07 1.72 133 222 079 057 110
Pancreatic cancer 2.00 192 208 198 190 205 097 093 102 717 6.62 771 6.92 647 737 0.95 0.88 1.03 3.58 3.29 3.90 3.50 325 377 0.98 0.89 1.08
Kidney cancer 1.05 100 111 0.82 078 0.87 0.75 07 0.81 186 159 212 173 152 193 0.93 079 1.09 177 151 2.06 2.10 1.84 240 124 104 148
Multiple myeloma 0.68 063 072 0.72 0.68 0.77 1.00 092 1.09 094 075 113 0.77 0.65 09 0.81 0.64 1.01 138 111 171 1.07 0.89 127 0.80 0.63 1.02

Non-obesity related
Oral/Pharyngeal cancer 131 125 137 125 120 131 095 089 100 149 105 193 117 1.00 133 096 079 118 1.14 0.84 155 0.93 08 1.08 1.02 0.83 126
Lung cancer 11.6 114 11.8 9.19 9.03 935 0.75 073 076 14.7 140 155 12.7 122 132 0.81 0.76 0.35 1.27 120 134 1.38 132 145 1.08 102 115
Urinary tract cancer 2,55 246 265 1.97 190 2.05 0.73 070 0.77 2.86 255 317 251 229 273 0.78 0.68 0.88 1.12 1.00 126 1.27 115 14 1.06 093 121
Malignt melanoma 0.77 072 0.82 0.83 078 0.87 1.01 093 1.09 0.97 0.69 125 1.04 0.89 119 114 091 142 1.26 093 17 1.26 1.08 148 113 0.89 142
Sarcoma 0.64 059 0.68 070 0.65 074 1.04 095 113 0.75 058 092 0.74 0.60 0.89 1.05 0.82 135 1.18 093 15 1.07 0.87 131 1.01 0.78 132
CNS cancer 112 107 118 120 114 125 1.06 0.99 113 3.02 224 379 217 187 246 089 076 104 2.69 205 3.51 1.81 157 209 0.85 0.72 1.00
Non-Hodgkin lymphoma 1.16 110 122 1.01 095 106 0.81 076 087 190 145 234 119 098 139 0.67 056 080 1.63 128 2.09 118 098 141 0.82 0.68 0.99
Leukemia 158 151 1.66 147 141 154 0.88 0.83 093 1.84 157 212 1.65 134 196 0.81 0.69 095 1.16 100 136 1.12 092 136 0.92 0.77 109
Prostate cancer 789 773 8.06 695 6.80 709 0.83 081 085 8.47 7.93 9.00 755 718 7.92 0.83 0.78 0.90 1.07 1.00 115 1.09 1.03 115 1.00 093 1.09
lll-defined cancer 290 281 3.00 221 213 229 0.71 0.68 074 471 427 515 331 298 3.64 0.65 0.59 072 1.62 147 179 1.50 135 1.67 0.92 0.82 103
Other cancer 1.03 0.97 108 120 114 125 094 089 0.99 174 129 219 2.02 1.68 236 1.02 0.88 118 170 129 223 1.69 142 202 1.08 093 127

Women

Obesity related
Esophagus cancer 0.53 050 057 046 043 049 0.86 079 0.94 0.44 031 057 051 040 061 111 081 151 0.82 06 112 110 0.88 137 129 094 178
Stomach cancer 0.70 066 074 058 055 0.62 0.81 075 088 114 084 143 093 075 111 0.84 0.67 106 1.63 124 214 159 130 195 1.04 0.82 132
Colorectal cancer 4.42 432 452 350 342 359 0.77 075 0.80 5.69 523 616 438 4.07 470 0.77 070 0.834 1.29 118 140 1.25 116 135 1.00 0.90 1.10
Lever cancer 0.45 0.42 048 0.57 053 0.60 1.26 116 138 112 09 134 141 122 161 1.25 1.03 152 2.48 2.01 3.07 249 214 289 0.99 0.80 1.23
Gallbladder/biliary tract 0.32 029 034 031 029 034 0.97 0.87 109 0.58 043 073 058 046 070 1.05 079 139 1.84 14 241 184 147 23 1.08 079 146
Pancreatic cancer 177 170 183 171 165 177 099 094 104 6.11 556 666 610 57 6.51 1.10 100 120 3.46 314 381 357 331 385 111 100 1.23
Kidney cancer 0.53 050 057 038 036 041 072 0.65 079 134 107 160 089 074 1.04 071 0.57 0.87 252 204 311 231 1.92 279 0.98 078 124
Multiple myeloma 046 042 049 043 040 046 0.95 086 1.04 049 036 0.62 049 039 060 1.07 079 144 1.07 0.80 143 1.15 091 144 113 083 154
Breast cancer >50 yrs 4.65 455 475 3.60 352 3.69 0.75 073 077 6.97 646 747 513 4.81 546 0.77 071 0.84 150 139 1.62 1.43 133 152 1.03 094 113
Uterus cancer 0.77 073 081 0.64 061 068 0.81 075 087 152 127 177 135 116 154 0.86 072 103 1.99 1.67 236 210 1.80 245 1.07 0.88 129
Ovary cancer 1.95 188 202 155 149 161 076 072 0.80 224 188 26 169 146 192 0.80 0.68 0.94 1.15 0.97 136 1.09 095 125 1.05 0.89 1.25

Non-obesity related
Oral/Pharyngeal cancer 0.52 049 056 046 043 050 0.86 079 093 0.62 045 079 058 044 072 0.96 071 129 118 0.89 157 1.25 097 1.61 1.09 0.80 149
Lung cancer 8.01 788 815 744 731 756 093 091 0.95 9.88 920 103 9.84 934 106 1.07 1.00 115 1.23 115 132 1.32 125 139 116 108 1.25
Urinary tract cancer 0.86 082 0.90 0.70 066 074 0.80 074 0.85 1.08 089 127 083 071 096 0.74 0.60 091 1.26 105 151 119 101 140 0.93 075 115
Malignt melanoma 0.50 047 054 0.51 047 054 0.97 0.88 105 0.62 038 085 054 041 0.67 1.28 0.94 175 1.23 0.82 1.85 1.07 083 137 133 096 1.83
Sarcoma 0.29 027 032 030 028 033 1.15 1.02 129 055 034 076 035 025 046 084 059 119 1.89 126 285 117 085 1.60 0.73 0.51 1.06

(Table 3 continues on next page)
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0.94 119

135 1.62 1.06
124 164 1.02

079 0.98 148 134 165 148
126 1.94 1.43

090 125 1.56

080 0.87 3.85 346 424 326 298 355 0.88
099 111 124 1.00 149 128 110 145 1.06

259 252 267 220 213 227 0.83
0.91 087 096 0.96 091 1.00 1.04

lll-defined cancer

085 1.21

Other cancer

asMR, age-standardized (to the 2002 population) mortality rate. CI, confidence interval. CNS, central nervous system. *Trend in mortality per 10 years. A value of 1.02. means that a (relative) trend increase 2% in rate per ten years. "Mortality trend

ratio per 10 years. A trend ratio of 1.13 implies a 13% increase in the diabetes-associated excess mortality per 10 years.

Table 3: Cancer-specific age-standardized (to 2002 population) mortality rates per 1000 person years (asMR) for 2002-10 and 2011-19, respectively, along with trends in mortality per 10 years for 2002-2019,

stratified by diabetes status and sex. Also includes comparisons of mortality rate ratios and trend ratios between those with type 2 diabetes and those without diabetes.
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based studies.*” However, this pattern was not observed
in cohort studies of NHANES participants in the US."

Higher cancer mortality could be attributed to a
combination of higher cancer incidence and poorer
prognosis in individuals with diabetes. Diabetes is
strongly associated with higher cancer incidence due to
shared risk factors like aging, obesity, and physical inac-
tivity, as well as biological pathways involving hyper-
insulinemia, hyperglycemia, and inflammation.®>'*"
Given the known correlation between obesity, T2D, and
specific cancers,' we expected the observed higher mor-
tality from obesity-related cancers in those with T2D. The
rise of GLP-1 receptor agonists for weight loss in
Denmark post-study suggests the need for future
research on their impact on obesity-related cancer inci-
dence and fatality rates.

However, we also found that diabetes was associated
with an increased mortality risk for non-obesity-related
cancers. Several common risk factors are shared be-
tween diabetes and specific non-obesity-related cancers.
For instance, smoking is an important risk factor for
lung cancer, which displayed the highest cancer-related
asMR for both men and women with T2D in our study,
as well as being a risk factor for diabetes.”

Regarding cancer mortality, the excess risk of dying
from cancer linked with diabetes is well established,’
including an excess cancer-related mortality risk linked
to obesity.” The heightened likelihood of a fatal cancer
outcome in individuals with diabetes may stem from a
broad variety of underlying mechanisms such as a lower
uptake of cancer screening including later stage cancer
diagnoses,” risk factors for diabetes complicating cancer
treatment (eg, smoking, overweight, physical inactivity),
more comorbidities,”” and potential biological mecha-
nisms, such as hyperglycemia and chronic inflamma-
tion, which may increase the risk of a worse cancer
outcome."”

The notable increase in dementia-associated asMRs
for both men and women with T2D aligns with prior
findings in England by Pearson-Stuttard et al.” This
trend was anticipated considering the reduced risk of
death from other causes, typically occurring earlier in
life, and the shared risk factors between diabetes and
dementia.”* Although dementia-related asMRs also rose
for those without diabetes, our study revealed a 15%
higher increase per decade in individuals with T2D
compared to those without diabetes. Given the esca-
lating prevalence of both diabetes and dementia, this
holds potential public health implications.

The study’s strengths lie in its nationwide cohort,
virtually eliminating selection bias, and a register-based
approach, ensuring minimal loss to follow-up. The
extensive cohort facilitated investigating cause-specific
deaths in both T2D and T1D populations, especially
cancer-related mortality in T2D. Utilizing a time-
dependent exposure approach for diabetes allowed a
dynamic cohort study design. Validated algorithms
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effectively distinguished between T1D and T2D. Addi-
tionally, comparing estimates to a diabetes-free refer-
ence group enhanced the study compared to those
comparing diabetes mortality rates to those of the entire
population.

The study faced some limitations. Using adminis-
trative databases for research purposes involves known
challenges of coding variation and misclassification. The
low autopsy rate in Denmark (around 2.5%) can
contribute to potential misclassifications in the regis-
tered cause of death.” However, cancer coding accuracy
in Denmark remains high (positive predictive values of
98-100%),* and concordance with autopsy-confirmed
cases is substantial at 81%.” While coding practices
for individual causes of death may have changed over
our nearly 20 years study period, this is unlikely to be
associated with diabetes status.

During the study period, Denmark introduced the
use of a HbAlc cut-point as a diagnostic criterion for
diabetes. Increases in screening activity, because a
fasting blood sample was no longer needed, might
result in decreasing mortality in the diabetes population
due to earlier diagnosis of diabetes, thus introducing
lead-time bias.> However, mortality among newly diag-
nosed individuals with T2D in Denmark increased after
adoption of the HbAlc criterion, suggesting delayed
diagnosis at a more advanced disease stage.”®

The study carries a risk of reverse causality, given the
uncertainty about diabetes duration before death. For
example, a notable excess risk of CNS cancer-related
mortality was evident in individuals with T2D in this
study, however, a direct link between T2D and increased
CNS cancer incidence has not been identified.”” There-
fore, the diabetes-related excess mortality might reflect
the presence of diabetes secondary to high dose steroid
treatment in patients with CNS cancer. Further studies
using an incident diabetes cohort and excluding cancers
diagnosed in the first years after inclusion, may eluci-
date this issue.

Lastly, sex-specific mortality risks and the association
between T2D and cancer mortality may be influenced by
socioeconomic status,” however, socioeconomic data
were not accessible for this study, and investigating the
causal pathways driving the observed trends was beyond
the scope of this paper. Further research incorporating
causal interference is warranted to elucidate the un-
derlying mechanisms driving these trends in mortality.

Implications

The ascendance of cancer as the predominant cause of
death among individuals with T2D in Denmark em-
phasizes the necessity of diabetes management strate-
gies integrating cancer prevention. A sex-specific
approach is crucial to address the expanding diabetes-
related mortality gap in women across various causes
of death.
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