Journal of Endocrinological Investigation (2022) 45:275-278
https://doi.org/10.1007/540618-021-01549-w

ORIGINAL ARTICLE q

Check for
updates

Time series of diabetes attributable mortality from 2008 to 2017
U. Fedeli' - E. Schievano' - S. Masotto? - E. Bonora? - G. Zoppini?

Received: 24 December 2020 / Accepted: 2 March 2021 / Published online: 30 September 2021
© The Author(s) 2021

Abstract

Purpose Diabetes is a growing health problem. The aim of this study was to capture time trends in mortality associated
with diabetes.

Methods The mortality database of the Veneto region (Italy) includes both the underlying causes of death, and all the dis-
eases mentioned in the death certificate. The annual percent change (APC) in age-standardized rates from 2008 to 2017 was
computed by the Joinpoint Regression Program.

Results Overall 453,972 deaths (56,074 with mention of diabetes) were observed among subjects aged > 40 years. Mortality
rates declined for diabetes as the underlying cause of death and from diabetes-related circulatory diseases. The latter declined
especially in females — 4.4 (CI 95% — 5.3/— 3.4), while in males the APC was — 2.8 (CI1 95% — 4.0/— 1.6).

Conclusion We observed a significant reduction in mortality during the period 2008-2017 in diabetes either as underlying

cause of death or when all mentions of diabetes in the death certificate were considered.
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Introduction

Diabetes prevalence is rapidly growing worldwide [1]. This
disease is an important cause of death. It has been estimated
that diabetes will be the seventh leading cause of death
worldwide by 2030 [2]. Nevertheless, routinely collected
mortality statistics for diabetes are difficult to interpret
because of changing prevalence and under-reporting of dia-
betes as a contributing cause listed in death certificates [3].

An important aspect of mortality is to study the time
trends to better estimate the impact of diabetes on the popu-
lation health. In particular, data on trends of mortality in dia-
betes may highlight changes over time in preventive meas-
ures, therapy and health systems. The most important result
in studies evaluating trends in mortality in diabetes from
other countries, such as United States [4], Australia [S] and
England [6], is the decline over the past 4 decades in death
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rates for vascular diseases. These changes are attributed to
improvements in treatments and risk factors reduction. No
such data are available in Southern Europe.

Therefore, in the present study, diabetes was examined
both as underlying and as multiple causes of death (any men-
tion in death certificates, irrespective of its selection as the
underlying cause), with the aim of capturing time trends in
mortality associated with diabetes.

Methods

The study was carried out in the Veneto region (northeastern
Italy), that has about 4.9 million inhabitants. A copy of death
certificates of each resident in the Veneto region is routinely
transmitted to the Regional Epidemiology Department for
coding of the causes of death according to the International
Classification of Diseases, 10th Edition (ICD-10). Since
2008 the regional mortality database includes not only the
underlying cause of death (UCOD), but also all the diseases
mentioned in the certificate, and the selection of the UCOD
is performed by means of the Automated Classification of
Medical Entities (ACME) software, a tool developed by the
National Center for Health Statistics to standardize assign-
ment of the underlying cause [7]. ICD-10 codes for diabetes
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Fig.1 Shows the trends overtime (2008-2017) by gender from all
causes and from any mention of diabetes in the death certificate

(E10-E14) were searched for in any position of the death
certificates of subjects aged >40 years in the whole mortal-
ity archive through the period 2008 to 2017 to retrieve all
diabetes-related deaths. Diabetes-related deaths were ana-
lyzed as a whole, and classified according to the following
mutually exclusive categories based on the UCOD selected
by the ACME software: diabetes; circulatory diseases (ICD-
10 codes 100-199); other causes of death. Furthermore, all-
cause mortality in the Veneto region and mortality from
circulatory diseases without the mention of diabetes were
analyzed to provide the context of time trends in diabetes-
related mortality.

Age-truncated (40 years or more) standardized rates
were obtained by the direct standardization method, taking
the European standard population as reference. Rates were
computed for the above causes by gender and calendar year.
Population data by gender, age class and calendar year were
downloaded from the Italian National Institute of Statistics
website (http://demo.istat.it/). Time trends were investi-
gated by means of the Joinpoint Regression Program [8];
the annual percent change in rates (APC) with 95% confi-
dence interval (CI) was assessed by log-linear models, with
calendar year as the predictor variable.

Results

Overall 453,972 deaths (56,074 with mention of diabetes)
were observed among subjects aged > 40 years through the
10-year study period (supplementary table). The trends over
time of mortality from all causes and from diabetes consid-
ered as any mention in the death certificate, and mortality
from circulatory diseases with and without mention of dia-
betes shown in Figs. 1 and 2 indicate a progressive decline
of mortality rates in northeastern Italy. Similar trends were
observed for mortality from diabetes as the underlying cause
of death and from diabetes-related circulatory diseases that
showed a reduction in rates through the study period, while
the trend for others underlying causes with the mention of
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Fig.2 Shows the trends overtime (2008-2017) by gender of mortality
from circulatory diseases with and without mention of diabetes
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Fig. 3 Trends of mortality (2008-2017) from diabetes as the underly-
ing cause of death and from diabetes-related circulatory diseases in
males
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Fig.4 Trends of mortality (2008-2017) from diabetes as the underly-
ing cause of death and from diabetes-related circulatory diseases in
females

diabetes did not show a clear pattern of reduction in mortal-
ity (Figs. 3 and 4).

The APC of mortality from all causes was — 2.1 (CI1 95%
— 2.5/— 1.7) for males and — 1.3 (CI1 95% — 2.0/— 0.6) for
females. Mortality from any mention of diabetes showed an
APC of — 1.4 (C195% — 1.9/— 0.9) for males and — 2.5 (CI
95% — 3.2/— 1.7) for females. The largest decline in mortality
was observed for circulatory diseases with diabetes in females
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— 4.4 (CI95% — 5.3/— 3.4), while in males was — 2.8 (CI 95%
— 4.0/— 1.6); the corresponding figures for subjects without
diabetes were — 2.7 (CI1 95% — 3.5/— 2.0) for females and
—3.2(C195% — 4.0/— 2.4) for males. The reduction in mor-
tality was significant also for diabetes as underlying cause of
death: males — 0.8 (CI 95% — 1.6/— 0.1) and females — 2.2
(C195% — 3.3/— 1.2). Death from other causes with mention
of diabetes did not show a change over time.

Among diabetes-related deaths, diabetes itself was
selected as the UCOD in 24%, and such share remained
constant through the study period; by contrast the percent-
age of deaths assigned to circulatory diseases declined from
37 to 32%. Other diseases were increasingly selected as the
UCOD among deaths with mention of diabetes, namely
common infections (including pneumonia, from 4 to 7%),
and neurologic/psychiatric disorders (mainly dementia/Alz-
heimer, from 5 to 8%, data not shown).

Discussion

The main result of the present study is the progressive
decrease in mortality over the 2008—2017 period. Interest-
ingly, a significant reduction of mortality was observed either
when diabetes was the underlying cause of death or when any
mention of diabetes (multiple-cause-of-death approach) was
considered. Moreover, the largest reduction in mortality was
observed for circulatory diseases. Only in the case of death
from other causes with mention of diabetes the decrease in
mortality was not significant. Our results are in line with data
from other studies in different countries that, in general, show
a fall in mortality over the past 3 decades, largely reflecting
a decline in mortality due to cardiovascular diseases, cancer
and diabetes [4—6, 9-13]. However, not all studies reported a
reduction of mortality [14, 15]. Namely, our results are con-
sistent with recent findings from the US obtained by a similar
multiple causes of death approach: diabetes-related mortality
declined, with a decreasing share of cardiovascular diseases
among deaths with the mention of diabetes [16].

Trends over time are informative, as they allow, among
other factors, to highlight whether changes in the treatment
of both diabetes and complications are effective. Moreover,
it is informative also the comparison with the mortality
trends in subjects without diabetes: therapy of cardiovascu-
lar risk factors may behave differently in subjects with and
without diabetes. Moreover, lately new therapy for diabetes,
such GLP-1 agonist and SGLT-2 inhibitors, with a recognize
beneficial effect on cardiovascular and renal morbidity and
mortality are available [17]. These new drugs may further
contribute to reduce cardiovascular mortality.

A limitation of our study is that we lacked information
on diabetes type, thus we cannot differentiate trends of

mortality in type 1 and type 2 diabetes. A further limitation
is that data are limited to 2017; however, the whole study
period has been coded with the same methodology, assur-
ing the highest level of comparability of mortality records.
Moreover, the reduction of circulatory causes and the rela-
tive increase in other causes among deaths with diabetes
seem to represent a long-term trend already reported from
the US and now confirmed also in Italy.

In conclusion, we observed a significant reduction in
mortality during the period 2008-2017 in diabetes either as
underlying cause of death or when all mentions of diabetes
are considered. The largest annual reduction was observed in
mortality from cardiovascular diseases in females. By con-
trast, no significant time trend was observed in mortality
rates for deaths with mention of diabetes and a non-circula-
tory cause selected as the UCOD.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s40618-021-01549-w.

Author contributions UF: data curation, formal analysis; EL: formal
analysis; SM: review & editing; EB: review & editing; and GZ: con-
ceptualization, original draft, supervision.

Funding Open access funding provided by Universita degli Studi di
Verona within the CRUI-CARE Agreement. This research did not
receive any specific grant from funding agencies in the public, com-
mercial, or not-for-profit sectors.

Declarations

Conflict of interest None to declare.

Research involving human participants and/or animals This article
does not contain any studies directly involving human participants, as
it is a review of administrative data.

Informed consent For this type of study, formal consent was not nec-
essary.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long
as you give appropriate credit to the original author(s) and the source,
provide a link to the Creative Commons licence, and indicate if changes
were made. The images or other third party material in this article are
included in the article's Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in
the article's Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

1. Cho NH, Shaw JE, Karuranga S, Huang Y, da Rocha Fernandes
JD, Ohlrogge AW, Malanda B (2018) IDF diabetes atlas: global

@ Springer


https://doi.org/10.1007/s40618-021-01549-w
http://creativecommons.org/licenses/by/4.0/

278

Journal of Endocrinological Investigation (2022) 45:275-278

10.

estimates of diabetes prevalence for 2017 and projections for
2045. Diabetes Res ClinPract 138:271-281

Mathers CD, Loncar D (2006) Projections of global mortality and
burden of disease from 2002 to 2030. PLoS Med 3:e442

Fedeli U, Zoppini G, Goldoni CA, Avossa F, Mastrangelo G,
Saugo M (2015) Multiple causes of death analysis of chronic dis-
eases: the example of diabetes. Popul Health Metr 25(13):21
Preis SR, Hwang SJ, Coady S, Pencina MJ, D’Agostino RB Sr,
Savage PJ, Levy D, Fox CS (2009) Trends in all-cause and car-
diovascular disease mortality among women and men with and
without diabetes mellitus in the Framingham Heart Study, 1950
to 2005. Circulation 119:1728-1735

Harding JL, Shaw JE, Peeters A, Davidson S, Magliano DJ (2016)
Age-specific trends from 2000-2011 in all-cause and cause-spe-
cific mortality in type 1 and type 2 diabetes: a cohort study of
more than one million people. Diabetes Care 39:1018-1026
Pearson-Stuttard J, Bennett J, Cheng YJ, Vamos EP, Cross Al,
Ezzati M, Gregg EW (2021) Trends in predominant causes of
death in individuals with and without diabetes in England from
2001 to 2018: an epidemiological analysis of linked primary care
records. Lancet Diabetes Endocrinol S2213-8587:30431-30439
Fedeli U, Schievano E, Targher G, Bonora E, Corti MC, Zoppini
G (2019) Estimating the real burden of cardiovascular mortality
in diabetes. Eur Rev Med PharmacolSci 23:6700-6706

Kim HJ, Fay MP, Feuer EJ, Midthune DN (2000) Permutation
tests for joinpoint regression with applications to cancer rates.
Stat Med 19:335-351

Wu H, Lau ESH, Ma RCW, Kong APS, Wild SH, Goggins W,
Chow E, So WY, Chan JCN, Luk AOY (2020) Secular trends in
all-cause and cause-specific mortality rates in people with dia-
betes in Hong Kong, 2001-2016: a retrospective cohort study.
Diabetologia 63:757-766

Dal Canto E, Ceriello A, Rydén L, Ferrini M, Hansen TB, Schnell
0, Standl E, Beulens JW (2019) Diabetes as a cardiovascular risk
factor: an overview of global trends of macro and micro vascular
complications. Eur J PrevCardiol 26:25-32

@ Springer

11.

12.

13.

15.

16.

17.

Li HY, Wu YL, Tu ST, Hwu CM, Liu JS, Chuang LM (2019)
Trends of mortality in diabetic patients in Taiwan: a nationwide
survey in 2005-2014. J Formos Med Assoc 118:S83-S89

Li Y, Kou C, Bai W, Hua W, Yu W, Song Y, Liu X, Li W (2019)
Trends in diabetes mortality by gender in urban and rural areas
in China from 2003 to 2012: an age-period-cohort analysis. Asia
Pac J Public Health 31:238-245

Gregg EW, Cheng YJ, Srinivasan M, Lin J, Geiss LS, Albright
AL, Imperatore G (2018) Trends in cause-specific mortality
among adults with and without diagnosed diabetes in the USA:
an epidemiological analysis of linked national survey and vital
statistics data. Lancet 391:2430-2440

. Heintjes EM, Houben E, Beekman-Hendriks WL, Lighaam E,

Cremers SM, Penning-van Beest FJA, Stehouwer CDA, Herings
RMC (2019) Trends in mortality, cardiovascular complications,
and risk factors in type 2 diabetes. Neth ] Med 77(9):317-329
Lawson CA, Zaccardi F, McCann GP, Davies MJ, Kadam UT,
Khunti K (2019) Trends in cause-specific outcomes among indi-
viduals with type 2 diabetes and heart failure in the United King-
dom, 1998-2017. JAMA Netw Open 2:¢1916447

Rodriguez F, Blum MR, Falasinnu T, Hastings KG, Hu J, Cullen
MR, Palaniappan LP (2019) Diabetes-attributable mortality in the
United States from 2003 to 2016 using a multiple-cause-of-death
approach. Diabetes Res ClinPract 148:169-178

Das SR, Everett BM, Birtcher KK, Brown JM, Januzzi JL Jr,
Kalyani RR, Kosiborod M, Magwire M, Morris PB, Neumiller
13, Sperling LS (2020) 2020 expert consensus decision pathway on
novel therapies for cardiovascular risk reduction in patients with
type 2 diabetes: a report of the American college of cardiology
solution set oversight committee. J Am CollCardiol 76:1117-1145

Publisher's Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.



	Time series of diabetes attributable mortality from 2008 to 2017
	Abstract
	Purpose 
	Methods 
	Results 
	Conclusion 

	Introduction
	Methods
	Results
	Discussion
	References




