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risks and time trends of AMI in these populations.

Background: Diabetes mellitus is an established risk factor for acute myocardial infarction (AMI). Incidence of AMIin
people with diabetes remains significantly higher than in those without diabetes. However, published data are con-
flicting, and previous reviews in this field have some limitations regarding the definitions of AMI and source popula-
tion (general population or people with diabetes as a population at risk) and concerning the statistical presentation of

Aims: To analyse the incidence of AMI in people with diabetes compared to those without diabetes and to investi-

Methods: We will perform a systematic literature search in MEDLINE, Embase and LILACS designed by an experi-
enced information scientist. Two review authors will independently screen the abstracts and full texts of all references
on the basis of inclusion criteria regarding types of study, types of population and the main outcome. Data extraction
and assessment of risk of bias will be undertaken by two review authors working independently. We will assess inci-
dence rate or cumulative incidence and relative risk of AMI comparing populations with and without diabetes.

Discussion: This review will summarise the available data concerning the incidence of AMI in people with and with-
out diabetes and will thus contribute to the assessment and interpretation of the wide variations of incidence, relative
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Introduction

Diabetes mellitus is an established risk factor for car-
diovascular disease, including acute myocardial infarc-
tion (AMI) [1-3]. Most population-based studies have
reported a substantially decreased time trend in AMI
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incidence in recent decades [4—7]. However, a recent US
study analysing risk of AMI among people with diabetes
showed that following a reduced risk of hospitalisation
due to AMI in 1990-2010, the risk has since increased
again in young and middle-aged people, while it has
remained stable in older people (65 and over) [8]. Despite
all improvements, the incidence of AMI in people with
diabetes therefore remains up to four times higher than
in those without diabetes [1, 5, 7, 9]. Furthermore, coro-
nary heart disease remains a primary cause of death in
people with diabetes [4, 10], and up to 40% of patients
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with AMI die before hospital admission [7]. Mortality
following AMI in people with diabetes is high [11], and
a recent systematic review did not find any positive tem-
poral change concerning mortality risk after AMI among
people with diabetes compared to those without diabe-
tes [12]. Moreover, high costs incurred due to AMI have
a significant impact on total medical costs in people with
diabetes [13, 14].

Thus, the incidence of AMI in the population with dia-
betes nowadays still remains an important indicator of
diabetes care. Nevertheless, papers analysing the inci-
dence of AMI showed wide variations in incidences, and
it is not clear whether these differences are associated
with diabetes care or could at least partially be explained
by methodological discrepancies between studies regard-
ing study population, definition of AMI, recording of
AM]I, definition of diabetes and statistical presentation
of results. Previous reviews investigated diabetes mel-
litus as a risk factor for cardiovascular disease or coro-
nary heart disease [3, 15-17], but no systematic review
has been conducted with a focus on incidence of myocar-
dial infarction in people with diabetes compared to those
without diabetes based on population-based studies. The
aim of this systematic review is therefore to (a) analyse
the incidence of myocardial infarction in people with dia-
betes compared to those without diabetes, (b) describe
the discrepancies in incidence of myocardial infarction
regarding age, sex, ethnicity and geographic region and
(c) estimate time trends.

Materials and methods
The proposed review protocol adheres to the PRISMA-P
guideline [18].

Eligibility criteria

Types of studies

All population-based studies analysing incidence rates in
people with diabetes compared to those without diabetes
using both prospective and retrospective designs will be
included in this review.

Study population

A. The study population shall be defined using official
statistics, for instance citizens of a country or inhab-
itants of a defined administrative region or all those
insured by a statutory health insurance provider.

B. The population with diabetes shall be precisely
described (register, survey data, estimation based on
age-sex-specific prevalence data). Incidence can be
reported in people with type 1 diabetes, type 2 diabe-
tes or without a distinguished diabetes type. We will
also consider previously used diabetes classifications,
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namely insulin-dependent (IDDM) and non-insulin-
dependent diabetes mellitus (NIDDM). The popula-
tion without diabetes will be considered only for the
purpose of comparison of incidences among people
with diabetes.

Outcomes

The main outcome of the included studies should be the
incidence of AMI in people with and without diabetes.
Both non-fatal and fatal AMI should be recorded.

Epidemiological measures

Incidence rate (IR) or cumulative incidence (Cuml): To
ensure the appropriate comparison between people with
diabetes to those without, incidence should be presented
at least as age-(sex)-adjusted or standardised incidence.
We shall also investigate risk ratios (RR), comparing the
incidence of AMI among people with and without dia-
betes. The attributable risk (AR = proportion of AMI
risk among people with diabetes that is attributable to
diabetes) and the population attributable risk (PAR =
proportion of AMI risk in the whole population that
is attributable to diabetes) shall be considered where
available.

Information sources

We will perform a systematic literature search in the
MEDLINE, Embase, and LILACS literature databases.
This database selection adheres to recommendations on
searching for epidemiological studies [19]. Moreover, we
will aim to identify potentially eligible studies by using
additional methods, such as checking reference lists of
review articles and relevant studies.

Search strategies
To fulfil the requirements for conducting systematic
reviews according to the established guidelines for meta-
analyses of observational studies in epidemiology (the
MOOSE group [20]), a comprehensive systematic search
strategy was designed by an experienced information sci-
entist and tested against eight known relevant references
from previous systematic reviews. All search strategies
are available in the Additional file 2: Appendix.

All database records yielded by the search will be
exported into EndNote and duplicates removed.

Study selection process — inclusion and exclusion criteria

Two authors will independently screen the titles and
abstracts of all references to identify original research of
the incidence of AMI according to our inclusion crite-
ria. Subsequently, two review authors will independently
screen the full-text articles of abstracts identified in
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this initial phase. Potential disagreements regarding the
inclusion or exclusion of studies shall be solved in discus-
sion with a third review author.

Original full-text articles will be included if they fulfil
the criteria concerning types of study (population-based
longitudinal studies only), types of population (with and
without diabetes) and main outcome (fatal and non-fatal
AMI), regardless of the time period and year of publica-
tion of the study, type of diabetes, age and sex distribu-
tion or ethnicity. Since we expect studies with largely
varying study designs and data sources, we will not pre-
specify a definition of AMI. However, we will precisely
describe the definitions.

Studies will be excluded if (a) they only reported inci-
dence of non-fatal AMI; (b) they solely report incidences
of myocardial infarction among people with diabetes,
without comparison to people without diabetes; (c) inci-
dence rates are reported in relation to the total (with and
without diabetes) population and do not exclusively use
the population with diabetes as an at-risk population;
(d) only crude incidence rates (calculated by dividing the
total number of cases in a given time period by the total
number of persons in the population) are reported; and
(e) studies are published in a language other than English.

Data quality

Two authors will independently perform a critical
appraisal of studies to evaluate methodological quality
and potential risk of bias in the eligible studies using the
modified checklist adapted to the Methodological Evalu-
ation of Observation Research (MORE), Scottish Inter-
collegiate Guidelines Network (SIGN) and the Cochrane
Consumers and Communication Review Group’s study
quality guide. Using this checklist, we will assess fea-
tures that could potentially bias estimates for myocardial
infarction and will rank potential sources of bias as low,
high or unclear risk according to the Cochrane recom-
mendations [21].

Data extraction and synthesis
We will first develop a data extraction sheet based on
the Cochrane Consumers and Communication Review
Group’s data extraction template before carrying out a
pilot test using five randomly selected included papers
and then refine the data extraction sheet accordingly.
One review author will extract data (see data items
below) from included articles; the other author will check
the extracted data. Both authors will resolve disagree-
ments by discussion. If no agreement can be reached, a
third author shall be called upon to make a decision.

We will extract the following information from each
included article: first author, publication year, country,
study period, study population, characteristic of people
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with diabetes, definition of fatal and non-fatal AMI, the
presence or absence of comorbidity that is relevant for
AMI incidence (e.g. previous AMI or CHD or CVD) in
people at risk, absolute numbers and incidence (inci-
dence rate or cumulative incidence) of AMI, relative
risk (comparing the incidence of AMI in people with
and without diabetes) and a time trend where available.
We will recalculate the reported IR per 100,000 person-
years, if originally not reported as such.

Previous experience with similar reviews [22, 23] sug-
gests that studies will be too heterogeneous to allow
for a quantitative summary of results. Hence, data
will be presented descriptively in tables. The results
from included studies will be presented as age-sex-
adjusted or standardised estimates. All estimates will
be presented with 95% confidence intervals (95% CI), if
available.

Discussion

It is well known that diabetes mellitus is a risk factor for
AMI. However, studies analysing the incidence of AMI
in people with diabetes show marked variations in inci-
dence, relative risks and time trends of AMI, partly due
to differences in the identification of the study popula-
tion, definition of AMI, diabetes and the statistical pres-
entation of results. The aim of our systematic review is
to analyse the incidence of AMI in people with diabetes
compared to those without diabetes and to investigate
time trends based on population-based studies. The
strength of this review is a systematic search approach
that will be based on clearly determined search strate-
gies. Moreover, the selection and the critical appraisal
of studies will be performed by two researchers using
predefined inclusion and exclusion criteria. A potential
limitation of this review lies in the heterogeneity of the
included cohort studies.

In summary, the results of the current systematic
review will contribute to the assessment and interpreta-
tion of the wide variations of incidence and time trends
of AMI in people with and without diabetes. This infor-
mation will be of benefit to clinicians, researchers and
healthcare decision-makers.

Supplementary Information

The online version contains supplementary material available at https://doi.
0rg/10.1186/513643-022-01962-z.

Additional file 1: Appendix 1. PRISMA-P Checklist.
Additional file 1: Appendix 2. Search strategies.

Acknowledgements
The authors would like to thank Jeremy Groves for editing the paper and revis-
ing the English language used in this manuscript.


https://doi.org/10.1186/s13643-022-01962-z
https://doi.org/10.1186/s13643-022-01962-z

Narres et al. Systematic Reviews (2022) 11:89

Authors’ contributions

Al, TK and MN contributed to the concept, design and drafting of the protocol.

MIM and BR developed the systematic search and contributed to the final
manuscript of the protocol. HC, EU and GW made major contributions to the
write-up and editing of the protocol. All authors read and approved the final
manuscript of the protocol.

Funding

Open Access funding enabled and organized by Projekt DEAL. This work

is supported by the Ministry of Science and Research of the State of North
Rhine-Westphalia (MIWF NRW), the German Federal Ministry of Health (BMG)
and in part by a grant from the German Federal Ministry of Education and
Research (BMBF) to the German Center for Diabetes Research (DZD e.V.). The
funders had no role in study design, data collection and analysis, decision to
publish or the preparation of the manuscript.

Availability of data and materials
The datasets generated during and/or analysed during the current study are
available from the corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate
Not applicable

Consent for publication
Not applicable

Competing interests
The authors declare that they have no competing interests.

Author details

'Institute of Health Services Research and Health Economics, German
Diabetes Center (DDZ), Leibniz Center for Diabetes Research at Heinrich-
Heine-University Diisseldorf, Duisseldorf, Germany. “Institute of Health Services
Research and Health Economics, Center for Health and Society, Medical
Faculty, Heinrich-Heine-University Diisseldorf, Diisseldorf, Germany. *German
Center for Diabetes Research (DZD), Neuherberg, Germany. “Division of Cardi-
ology, Pulmonology and Vascular Medicine, Department of Internal Medicine,
Medical Faculty, Heinrich-Heine-University Dusseldorf, Dusseldorf, Germany.
°Cochrane Metabolic and Endocrine Disorders Group, Institute of General
Practice, Medical Faculty, Heinrich-Heine-University Dusseldorf, Dusseldorf,
Germany.

Received: 8 March 2021 Accepted: 20 April 2022
Published online: 12 May 2022

References

1. International Diabetes Federation. IFD Diabetes and Cardiovascular Dis-
ease Report 2020. Available from: https://idf.org/our-activities/care-preve
ntion/cardiovascular-disease/cvd-report.html#sub-content-tab-nav.

2. Mendis S, Puska, Pekka, Norrving, B, et al. World Health Organization,
World Heart Federation. Global atlas on cardiovascular disease preven-
tion and control 2011. Available from: https://apps.who.int/iris/handle/
10665/44701.

3. Glovaci D, Fan W, Wong ND. Epidemiology of diabetes mellitus and
cardiovascular disease. Curr Cardiol Rep. 2019;21(4):21. https://doi.org/10.
1007/511886-019-1107-y Epub 2019/03/05. PubMed PMID: 30828746.

4. Harding JL, Pavkov ME, Magliano DJ, Shaw JE, Gregg EW. Global trends
in diabetes complications: a review of current evidence. Diabetologia.
2019,62(1):3-16. https://doi.org/10.1007/500125-018-4711-2 Epub
2018/09/02. PubMed PMID: 30171279.

5. Icks A, Dickhaus T, Hormann A, Heier M, Giani G, Kuch B, et al. Differences
in trends in estimated incidence of myocardial infarction in non-diabetic
and diabetic people: monitoring trends and determinants on cardiovas-
cular diseases (MONICA)/Cooperative Health Research in the region of
Augsburg (KORA) registry. Diabetologia. 2009;52(9):1836-41. https://doi.

Page 4 of 5

0rg/10.1007/500125-009-1434-4 Epub 2009/07/16. PubMed PMID: 19603
150.

Burrows NR, Li'Y, Gregg EW, Geiss LS. Declining rates of hospitaliza-

tion for selected cardiovascular disease conditions among adults

aged >/=35 years with diagnosed diabetes, U.S., 1998-2014. Diabetes
care. 2018;41(2):293-302. https://doi.org/10.2337/dc17-1259 Epub
2017/11/19. PubMed PMID: 29150530.

Read SH, Fischbacher CM, Colhoun HM, Gasevic D, Kerssens JJ, McAl-
lister DA, et al. Trends in incidence and case fatality of acute myocardial
infarction, angina and coronary revascularisation in people with and
without type 2 diabetes in Scotland between 2006 and 2015. Diabeto-
logia. 2019;62(3):418-25. https://doi.org/10.1007/500125-018-4796-7
Epub 2019/01/19. PubMed PMID: 30656362; PubMed Central PMCID:
PMCPMC7019674.

Gregg EW, Li Y, Wang J, Burrows NR, Ali MK, Rolka D, et al. Changes in
diabetes-related complications in the United States, 1990-2010. New Engl
J Med. 2014;370(16):1514-23. https://doi.org/10.1056/NEJMoa1310799
Epub 2014/04/18. PubMed PMID: 24738668.

Pajunen P, Koukkunen H, Ketonen M, Jerkkola T, Immonen-Réiha P, Karja-
Koskenkari P, et al. Myocardial infarction in diabetic and non-diabetic
persons with and without prior myocardial infarction: the FINAMI study.
Diabetologia. 2005;48(12):2519-24. Epub 2005/10/26. PubMed PMID:
16247597. https://doi.org/10.1007/500125-005-0019-0.

. Abi Khalil C, Roussel R, Mohammedi K, Danchin N, Marre M. Cause-spe-

cific mortality in diabetes: recent changes in trend mortality. Eur J Prev
Cardiol. 2012;19(3):374-81. Epub 2012/09/20. PubMed PMID: 22991697.
https://doi.org/10.1177/1741826711409324.

. Gholap NN, Achana FA, Davies MJ, Ray KK, Gray L, Khunti K. Long-term

mortality following acute myocardial infarction among those with and
without diabetes: a systematic review and meta-analysis of studies in
the post reperfusion era. Diabetes Obes Metab. 2016. https://doi.org/10.
1111/dom.12827 PubMed PMID: 27862801. Epub 2016/11/20.

Bauters C, Lemesle G, de Groote P, Lamblin N. A systematic review and
meta-regression of temporal trends in the excess mortality associ-

ated with diabetes mellitus after myocardial infarction. Int J Cardiol.
2016;217:109-21. https://doi.org/10.1016/j.ijcard.2016.04.182 Epub
2016/05/18. PubMed PMID: 27179900.

Einarson TR, Acs A, Ludwig C, Panton UH. Economic burden of cardio-
vascular disease in type 2 diabetes: a systematic review. Value Health.
2018;21(7):881-90. Epub 2018/07/15. PubMed PMID: 30005761. https://
doi.org/10.1016/jjval.2017.12.019.

van Schoonhoven AV, Gout-Zwart JJ, de Vries MJS, van Asselt ADI,
Dvortsin E, Vemer P, et al. Costs of clinical events in type 2 diabetes
mellitus patients in the Netherlands: a systematic review. PloS One.
2019;14(9):0221856. https://doi.org/10.1371/journal.pone.0221856
Epub 2019/09/07. PubMed PMID: 31490989; PubMed Central PMCID:
PMCPMC6730996 and ED, but did not have any additional role in the
study design, data collection and analysis, decision to publish, or prepara-
tion of the manuscript. This does not alter our adherence to PLOS ONE
policies on sharing data and materials.

Gore MO, McGuire DK, Lingvay |, Rosenstock J. Predicting cardiovascular
risk in type 2 diabetes: the heterogeneity challenges. Curr Cardiol Rep.
2015;17(7):607. Epub 2015/06/03. PubMed PMID: 26031671. https://doi.
org/10.1007/511886-015-0607-7.

Peters SA, Huxley RR, Woodward M. Diabetes as risk factor for incident
coronary heart disease in women compared with men: a systematic
review and meta-analysis of 64 cohorts including 858,507 individuals and
28,203 coronary events. Diabetologia. 2014;57(8):1542-51. https://doi.
0rg/10.1007/500125-014-3260-6 Epub 2014/05/27. PubMed PMID: 24859
435.

Anagnostis P, Majeed A, Johnston DG, Godsland IF. Cardiovascular risk in
women with type 2 diabetes mellitus and prediabetes: is it indeed higher
than men? Eur J Endocrinol. 2014;171(6):R245-55. Epub 2014/08/15.
PubMed PMID: 25117464. https://doi.org/10.1530/eje-14-0401.

Moher D, Shamseer L, Clarke M, Ghersi D, Liberati A, Petticrew M, et al.
Preferred Reporting Items for Systematic Review and Meta-Analysis
Protocols (PRISMA-P) 2015 statement. Syst Rev. 2015;4(1):1. https://doi.
org/10.1186/2046-4053-4-1.

Royle P, Bain L, Waugh N. Systematic reviews of epidemiology in diabetes:
finding the evidence. BMC Med Res Methodol. 2005;5:2. https://doi.org/


https://idf.org/our-activities/care-prevention/cardiovascular-disease/cvd-report.html#sub-content-tab-nav
https://idf.org/our-activities/care-prevention/cardiovascular-disease/cvd-report.html#sub-content-tab-nav
https://apps.who.int/iris/handle/10665/44701
https://apps.who.int/iris/handle/10665/44701
https://doi.org/10.1007/s11886-019-1107-y
https://doi.org/10.1007/s11886-019-1107-y
https://www.ncbi.nlm.nih.gov/pubmed/30828746
https://doi.org/10.1007/s00125-018-4711-2
https://www.ncbi.nlm.nih.gov/pubmed/30171279
https://doi.org/10.1007/s00125-009-1434-4
https://doi.org/10.1007/s00125-009-1434-4
https://www.ncbi.nlm.nih.gov/pubmed/19603150
https://www.ncbi.nlm.nih.gov/pubmed/19603150
https://doi.org/10.2337/dc17-1259
https://www.ncbi.nlm.nih.gov/pubmed/29150530
https://doi.org/10.1007/s00125-018-4796-7
https://doi.org/10.1056/NEJMoa1310799
https://www.ncbi.nlm.nih.gov/pubmed/24738668
https://www.ncbi.nlm.nih.gov/pubmed/16247597
https://doi.org/10.1007/s00125-005-0019-0
https://www.ncbi.nlm.nih.gov/pubmed/22991697
https://doi.org/10.1177/1741826711409324
https://doi.org/10.1111/dom.12827
https://doi.org/10.1111/dom.12827
https://doi.org/10.1016/j.ijcard.2016.04.182
https://www.ncbi.nlm.nih.gov/pubmed/30005761
https://doi.org/10.1016/j.jval.2017.12.019
https://doi.org/10.1016/j.jval.2017.12.019
https://doi.org/10.1371/journal.pone.0221856
https://www.ncbi.nlm.nih.gov/pubmed/26031671
https://doi.org/10.1007/s11886-015-0607-7
https://doi.org/10.1007/s11886-015-0607-7
https://doi.org/10.1007/s00125-014-3260-6
https://doi.org/10.1007/s00125-014-3260-6
https://www.ncbi.nlm.nih.gov/pubmed/24859435
https://www.ncbi.nlm.nih.gov/pubmed/24859435
https://www.ncbi.nlm.nih.gov/pubmed/25117464
https://doi.org/10.1530/eje-14-0401
https://doi.org/10.1186/2046-4053-4-1
https://doi.org/10.1186/2046-4053-4-1
https://doi.org/10.1186/1471-2288-5-2

Narres et al. Systematic Reviews

20.

21

22.

23.

(2022) 11:89

10.1186/1471-2288-5-2 Epub 2005/01/11. PubMed PMID: 15638944;
PubMed Central PMCID: PMCPmc545080.

Stroup DF, Berlin JA, Morton SC, Olkin I, Williamson GD, Rennie D, et al.
Meta-analysis of observational studies in epidemiology: a proposal

for reporting. Meta-analysis Of Observational Studies in Epidemiology
(MOQSE) group. Jama. 2000;283(15):2008-12. Epub 2000/05/02. PubMed
PMID: 10789670. https://doi.org/10.1001/jama.283.15.2008.

Cochrane Consumers and Communication Review Group. Guide for
review authors on assessing study quality [Internet]. 2013 [cited 10 March
2022]. Available from: https://cccrg.cochrane.org/sites/cccrg.cochrane.
org/files/public/uploads/StudyQualityGuide_May%202013.pdf.

Narres M, Claessen H, Droste S, Kvitkina T, Koch M, Kuss O, et al. The inci-
dence of end-stage renal disease in the diabetic (compared to the non-
diabetic) population: a systematic review. PloS one. 2016;11(1):e0147329.
https://doi.org/10.1371/journal.pone.0147329 PubMed PMID: 26812415;
PubMed Central PMCID: PMC4727808.

Narres M, Kvitkina T, Claessen H, Droste S, Schuster B, Morbach S, et al.
Incidence of lower extremity amputations in the diabetic compared
with the non-diabetic population: a systematic review. PloS one.
2017;12(8):¢0182081. Epub 2017/08/29. PubMed PMID: 28846690.
https://doi.org/10.1371/journal.pone.0182081.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Page 5 of 5

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions



https://doi.org/10.1186/1471-2288-5-2
https://www.ncbi.nlm.nih.gov/pubmed/10789670
https://doi.org/10.1001/jama.283.15.2008
https://cccrg.cochrane.org/sites/cccrg.cochrane.org/files/public/uploads/StudyQualityGuide_May%202013.pdf
https://cccrg.cochrane.org/sites/cccrg.cochrane.org/files/public/uploads/StudyQualityGuide_May%202013.pdf
https://doi.org/10.1371/journal.pone.0147329
https://www.ncbi.nlm.nih.gov/pubmed/28846690
https://doi.org/10.1371/journal.pone.0182081

	Incidence of myocardial infarction in people with diabetes compared to those without diabetes: a systematic review protocol
	Abstract 
	Background: 
	Aims: 
	Methods: 
	Discussion: 
	Systematic review registration: 

	Introduction
	Materials and methods
	Eligibility criteria
	Types of studies
	Study population
	Outcomes
	Epidemiological measures
	Information sources
	Search strategies
	Study selection process — inclusion and exclusion criteria

	Data quality
	Data extraction and synthesis


	Discussion
	Acknowledgements
	References


