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Abstract

Background: Diabetes is referred to a group of diseases characterized by high glucose levels in
blood. It is caused by a deficiency in the production or function of insulin or both, which can
occur because of different reasons, resulting in protein and lipid metabolic disorders. The aim
of this study was to systematically review the prevalence and incidence of type 1 diabetes in
the world.

Methods: A systematic search of resources was conducted to investigate the prevalence and
incidence of type 1 diabetes in the world. The databases of Medline (via PubMed and Ovid),
ProQuest, Scopus, and Web of Science from January 1980 to September 2019 were searched to
locate English articles. The located articles were screened in multiple levels of title, abstract, and
full-text and final studies that met the inclusion criteria were retrieved and included in the study.
Results: From the located articles, 191 publications were included in this systematic review. The
results of the meta-analysis showed that the incidence of type 1 diabetes was 15 per 100,000
people, and its prevalence was 0.075% (95% Cl = 0.051% to 0.11%) worldwide, both of which
were statistically significant.

Conclusion: According to the results, the incidence and prevalence of type 1 diabetes are
increasing in the world. As a result, insulin will be difficult to access and afford, especially in

underdeveloped and developing countries.
Keywords: Diabetes mellitus, Incidence, Prevalence, Systematic review, Type 1, World

Introduction

Diabetes is referred to a group of diseases characterized
by high glucose levels in blood. It is caused by a deficiency
in the production or function of insulin or both, which
can occur because of different reasons, resulting in protein
and lipid metabolic disorders.! The long-term effects of
hypoglycemia are tissue and organ damage.

Symptoms of diabetes include polyuria, thirst, vision
disorders, and weight loss. In some cases there are more
severe forms of diabetic ketoacidosis and hyperosmolar
that may lead to stupor and coma. But most symptoms
are not severe, which may cause damage or even failure
of different organs in the long run and lead to irreparable
injuries such as blindness, amputation, stroke and
eventually death. Previously, type 1 diabetes was called
insulin-dependent diabetes and it could happen at any age

but is most common in children and young people.?

People with type 1 diabetes are not able to produce
enough insulin. This type constitutes about 5%-10% of all
cases of diabetes. In this type, the cellular destruction of
beta cells occurs in the pancreas. In type 1 diabetes, the
pancreas does not release any insulin. Since there is no
epidemiologically accurate information on the prevalence
and incidence of type 1 diabetes in the world and in the
region, therefore, the present study was designed and
implemented as a systematic review and meta-analysis,
because of geopolitical map of the policy on the prevention
and treatment of this disease can be done better.

Materials and Methods
In this systematic review and meta-analysis, a systematic
search of resources was conducted by a librarian (N.V.) to
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investigate the prevalence and incidence of type 1 diabetes
(condition) in the people (population) of the world
(context). The PICO of study based on the JBI protocol as
CoCoPop for prevalence and incidence studies.

Data sources and search strategy

The databases of Medline via (PubMed, Ovid), Embase,
Scopus, Web of Science from January 1980 to September
2019 were searched to locate English articles. Also, SID,
Magiran, and Barakat databases were searched for Persian
studies. The grey literature and ongoing studies were
searched using the following: OpenGrey, Google Scholar
and for thesis and dissertations ProQuest and studies
presented at conferences were also searched. Also, experts
and professionals on this subject were reached and their
opinions were gathered for information on published and
unpublished studies. The search was performed using
MESH and free keywords. The keywords selected for the
search were: “type 1 diabetes’, “prevalence’, and “incidence”
with this search strategy: (((“Diabetes Mellitus, Type
1”[Mesh]) OR ((((CCCCCCCCCCC((((IDDM[Title/ Abstract])
OR T1DM]|Title/Abstract]) OR “Type 1 Diabetes”[Title/
Abstract]) OR “Autoimmune Diabetes”[Title/Abstract])
OR “Juvenile Onset Diabetes’[Title/Abstract]) OR
“Juvenile-Onset Diabetes”[Title/ Abstract]) OR
“Brittle Diabetes Mellitus”[Title/Abstract]) OR “brittle
diabetes”[Title/Abstract]) OR “diabetes mellitus type
17[Title/Abstract]) OR “diabetes mellitus type I"[Title/
Abstract]) OR “diabetes type 17[Title/Abstract]) OR
“diabetes type I”[Title/ Abstract]) OR “early onset diabetes
mellitus”[Title/Abstract]) OR  “insulin  dependent
diabetes”[Title/Abstract]) OR “juvenile diabetes”[Title/
Abstract]) OR  “juvenile diabetes mellitus’[Title/
Abstract]) OR “type I diabetes”[Title/Abstract]) OR
“type 1 diabetes mellitus”[Title/Abstract]) OR “Insulin
Dependent Diabetes Mellitus”[Title/Abstract]) OR
“Insulin-Dependent Diabetes Mellitus”[Title/ Abstract])))
AND ((((“Prevalence”’[Mesh]) OR ((Prevalence[Title/
Abstract]) OR  Prevalences[Title/Abstract]))) OR
((“Incidence”’[Mesh]) OR ((Incidence[Title/Abstract])
OR Incidences[Title/Abstract]))). The complete search
strategy of Medline and Embase is in Supplementary file 1.

Inclusion and exclusion criteria

Inclusion criteria for selecting studies include: 1. Articles
published between 1980 and 2019; 2. Articles published
in English and Persian. The exclusion criteria were: 1.
Studies with no reported sample size; 2. Studies that had
low quality; 3. Studies that were published before 1990.

Study selection

The located articles were screened in multiple levels of
title, abstract, and full-text and final studies that met
the inclusion criteria were retrieved and included in the
study. The studies were critically appraised by 2 subject
specialists and low-quality studies were excluded. In cases
of disagreements between two experts (M.M. and M.S.) at

each stage of selection and appraisal, third person opinion
was used.

Quality appraisal

Articles were evaluated using the STROBE checklist.
In this checklist, the minimum score was 2 and the
maximum was 4. Finally, articles that received a score of 4
on checklist questions were included in the research, 128
articles earned 4 score, 46 articles earned 3 score and 19
articles earned 2 score and finally their data were extracted
to perform the meta-analysis.

Data extraction and quality assessment
The information extracted from the articles were entered
in the extraction form. Extracted data included: first
author, year of publication, country of study, sample size,
and incidence of diabetes in the studies.

Statistical analysis

Statistical analysis was performed using CMA v.2.0
software and P value less than 0.05 was considered
as significant. The binomial distribution was used to
calculate the variance. Weighted mean was used to
combine the prevalence rate of different studies. Meta-
analysis was used to obtain the incidence of type 1
diabetes. The heterogeneity between studies was assessed
by Cochran (Q) and I* statistics, which expressed the
percentage of variation between studies. Random effects
model was used to calculate the overall and pooled effect
size. Pooled estimates and 95% confidence intervals
(CIs) were reported as percentages for the prevalence of
type 1 diabetes and as new cases per 100 population for
incidence.

Results

Search results and study characteristics

In a systematic search of sources, 65765 articles were
identified. A total of 58239 articles were duplicates, and
7107 were excluded after reviewing the title and abstract
of the articles. After reviewing the full-text articles, 228
articles were excluded. Finally, 191 publications were
included in the systematic review and meta-analysis.
Figure 1 shows the identified and retrieved articles in
the study. Table 1 summarizes the general characteristics
of incidence studies; Table 2 presents findings on the
prevalence and incidence of type 1 diabetes; and Table 3
outlines the general characteristics of prevalence studies.

Prevalence and incidence of type 1 diabetes in Asia

Prevalence and incidence of type 1 diabetes were extracted
from meta-analysis studies. In type 1 diabetes incidence,
the heterogeneity between studies in the meta-analysis
was significant (Q=50.51; df=16; P<0.001; I?*=68.33),
and in the prevalence of diabetes 1, the heterogeneity was
also significant (Q=651.7; df=5; P<0.001; I*=99.23).
The incidence of type 1 diabetes in Asia was 15 per
100000 population, which was statistically significant
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Figure 1. Flow chart of systematic review.
Table 1. Characteristics of studies incidence of type 1 diabetes
Study Year Country Continent Sample size Incidence per 100
Abduljabbar et al* 2010 Saudi Arabia Asia 1028 0.02752
Abdul-Rasoul et al® 2002 Kuwait Asia 760 0.02018
Abellana et al® 2009 Spain Europe 448 0.0118
123 0.0032
Ajlouni et al” 1999 Jordan Asia 107 0.0028
138 0.0036
Alaghehbandan et al® 2006 Canada USA 716 0.019
Alemu et al’ 2009 Ethiopia Africa 81 0.0021
Algert CS et al' 2009 Australia Asia 605 0.016
Altobelli et al'' 1998 Italy Europe 355 0.00934
Arpi et al™ 2002 Catania Europe 470 0.01238
Aschner et al™ 2014 America USA 279 0.00731
Bahillo et al'™ 2007 Spain Europe 835 0.02222
Barat et al'® 2008 French Europe 510 0.01347
Battelino and Krzisnik'® 1998 Slovenia Europe 305 0.008
Berhan et al'” 2011 Sweden Europe 1612 0.0439
Bessaoud et al'® 1990 Algeria Africa 168 0.0044
Bizzarri et al'® 2010 Italy Europe 593 0.01568
Blanchard et al* 1997 Canada USA 768 0.0204
Blumenfeld et al*' 2014 Asia Asia 433 0.0114
Bratina et al*? 2001 Bosnia and Herzegovina Europe 325 0.00854
Bruno et al* 1990 Italy Europe 259 0.00678
Bruno et al** 1993 Italy Europe 256 0.0067
Bruno et al* 1997 Italy Europe 282 0.00739
Bruno et al** 2001 Italy Europe 297 0.00778
Bruno et al”” 2009 Italy Europe 354 0.0093
Bruno et al*® 2010 Italy Europe 465 0.01226
Bruno et al* 2013 Italy Europe 1644 0.0448
Calle-Pascual et al* 1993 Spain Europe 565 0.01493
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Table 1. Continued

Study Year Country Continent Sample size Incidence per 10000
Calori et al*! 1990 Italy Europe 253 0.00663
Campbell-Stokes and Taylor* 2005 New Zealand Europe 675 0.0179
Cardwell et al*® 2006 Ireland Europe 925 0.0247
Carrasco et al** 1996 Chile USA 90 0.00236
Carrasco et al*® 2006 Chile USA 251 0.00658
Carrasco et al*® 2006 Chile USA 154 0.00402
Casu et al*” 2004 Sardinia Europe 1433 0.0388
Cherubini et al*® 1994 Italy Europe 309 0.0081
Chong et al* 2007 Australia Asia 731 0.0194
Cinek et al* 2000 Czech Republic Europe 384 0.0101
Cinek et al*! 2003 Czech Republic Europe 444 0.0117
Compés et al* 2013 Spain Europe 723 0.0192
Cotellessa et al*® 2003 Italy Europe 476 0.01256
Crow et al* 1991 England Europe °00 00148
508 0.0134
86 0.00224
Dabelea et al* 2009 Navajo nation USA 841 0.0224
1452 0.03934
Dacou-Voutetakis et al*® 1995 Greece Europe 239 0.00625
Demirbilek et al*” 2013 Turkey Asia 275 0.0072
Derraik et al*® 2012 New Zealand Europe 845 0.0225
316 0.0083
Dziatkowiak et al*’ 2002 Poland Europe 244 0.0064
301 0.0079
Ehehalt et al®® 2012 Europe Europe 579 0.0153
Ehehalt et al*! 2009 Italy Europe 560 0.0148
Ehehalt et al*? 2012 Europe Europe 579 0.0153
El-Ziny et al*® 2014 Egypt Africa 119 0.0031
Feltbower et al** 2002 UK Europe 493 0.013
Ferreira et al*® 1993 Brazil USA 290 0.0076
Forga et al*® 2013 Spain Europe 331 0.0087
Formosa et al*” 2012 Malta Africa 821 0.02186
Frazer De Llado et al*® 1998 Puerto Rico USA 679 0.018
Frongia et al* 1997 Italy Europe 1411 0.0382
Gardner et al*® 1997 USA USA 701 0.0186
Charkaluk et al®! 2002 France Europe 364 0.00958
Giralt et al® 2001 Spain Europe 973 0.026
Goday et al® 1992 Spain Europe 407 0.0107
Gong et al® 2013 China Asia 56 0.00145
Gopinath et al®® 2008 Sweden Europe 914 0.02438
Gorham et al®® 1993 USA USA 801 0.0213
Grabauskas et al®” 1991 Lithuania Europe 256 0.0067
Green and Patterson®® 2001 Hungary Europe 686 0.0182
Harjutsalo et al®® 2008 Finland Europe 1577 0.0429
Harjutsalo et al”® 2013 Finland Europe 2264 0.0629
Huen et al”! 2000 Hong Kong Asia 54 0.0014
Jarosz-Chobot et al”? 2010 Poland Europe 375 0.00987
Jarosz-Chobot et al” 2011 Poland Europe 388 0.0102
Ji et al™ 2010 Sweden Europe 27 0.00071
Kadiki and Moawad” 1994 Libya Africa 335 0.0088
Kadiki et al”® 1996 Libya Africa 343 0.009
Karvonen et al”” 1996 Finland Europe 1319 0.0356
Karvonen et al”® 2000 China & Venezuela Asia 4 0.0001
Karvonen et al” 1997 Finland Europe 1507 0.0409
Kida et al® 1999 Japan Asia 58 0.0015
Koton®' 2007 Asia Asia 305 0.008
Kulaylat and Narchi® 2000 Saudi Arabia Asia 437 0.0115
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Table 1. Continued

Study Year Country Continent Sample size Incidence per 10000
Lammi et al® 2007 Finland Europe 601 0.0159
Larenas et al® 1996 Chile USA 49 0.00127
Lawrence et al® 2014 USA USA 914 0.0244
Legault and Polychronakos® 2006 Canada USA 568 0.015
Libman et al®” 1998 USA USA 631 0.0167
Lin et al® 2014 Taiwan Asia 128 0.00334
Lipman® 1993 USA USA 494 0.01302
Lipman et al®® 2002 USA USA 504 0.0133
Lipman et al”! 2006 USA USA 560 0.0148
Lipman et al*? 2013 USA USA 642 0.017
Lipton et al” 2002 USA USA 575 0.0152
Lisboa et al** 1998 Brazil USA 455 0.012
Li etal” 2000 China Asia 22 0.00056
Lora-Gémez et al®® 2005 Spain Europe 635 0.0168
Mamoulakis et al” 2003 Crete Europe 233 0.0061
Martinucci et al® 2002 Belarus Europe 176 0.0046
Mauny et al* 2005 France Europe 230 0.00603
Mayer-Davis et al'® 2009 USA USA 594 0.0157
Mazzella et al'' 1994 Italy Europe 445 0.01172
Metcalfe and Baum'® 1991 Britain Europe 512 0.0135
Michalkovd et al'® 2004 Slovakia Europe 529 0.01396
Morales-Pérez et al'®* 2000 Spain Europe 485 0.0128
Muina et al'® 2012 Spain Europe 1031 0.0276
Muntoni et al'® 1992 Sardinia Europe 911 0.0243
Muntoni et al'*” 1997 Italy Europe 1255 0.0338
Neu et al'® 1997 German Europe 440 0.0116
Neu et al'® 2001 Europe Europe 474 0.0125
Newhook et al'® 2004 Canada USA 1331 0.03593
Newhook et al''" 2008 Canada USA 1300 0.03508
Newhook et al'? 2012 Canada USA 1394 0.0377
Ostrauskas et al'™ 2011 Lithuania Europe 316 0.0083
Patterson et al''* 2000 Macedonia Europe 123 0.0032
Patterson et al''® 2001 Finland Europe 1482 0.0402
Peter'"® 2007 Bahamas USA 384 0.0101
Pinelli et al” 1998 Italy Europe 407 0.0107
Pishdad''® 2005 Iran Asia 120 0.00314
Podar et al'"® 1992 Estonia Europe 448 0.0118
Polanska et al'*® 2014 Poland Europe 452 0.01192
Prisco et al'! 1996 Italy Europe 232 0.00607
Pronina et al'? 2008 Moscow Europe 489 0.0129
Pundziute-Lycka et al'** 2003 Lithuania Europe 261 00095
263 0.0069
Radosevic et al'2 2013 Bosnia and Herzegovina Furope 286 0.0075
Slovenia 474 0.0125
Ramachandran et al'** 1996 India Asia 399 0.0105
Rami et al'?® 2001 Austria Asia 342 0.00899
Rangasami et al'? 1997 Scotland Europe 896 0.0239
Serrano Rio et al'?® 1990 Spain Europe 429 0.0113
Roche et al'** 2002 Ireland Europe 627 0.0166
Rosenbauer et al™*° 1999 Europe Europe 309 0.0081
Aude Rueda et al'?! 1998 Mexico USA 44 0.00115
Rytkonen et al'*? 2003 Finland Europe 1383 0.0374
Samardzic et al'** 2010 Montenegro Europe 508 0.0134
Samuelsson et al** 1994 Sweden Europe 944 0.0252
Santos et al'* 2001 Chile USA 157 0.00411
Sasaki and Okamoto'*® 1992 Japan Asia o4 000168
77 0.002
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Table 1. Continued

Study Year Country Continent Sample size Incidence per 10000
Schober et al™” 1995 Australia Asia 301 0.0079
Schober et al™** 2009 Austria Asia 694 0.0184
Schoenle et al™** 2001 Switzerland Europe 399 0.0105
Scott et al'* 1992 New Zealand Europe 482 0.0127
Sebastiani et al™! 1996 Italy Europe 301 0.0079
Sella et al'* 2010 Asia Asia 481 0.01269
Sereday et al'* 1994 Argentina USA 2694 0.0759
Shaltout et al'* 2002 Kuwait Asia 757 0.0201
Shamis et al'* 1997 Asia Asia 278 0.0073
Lopez Siguero et al'*® 1997 Malaga Europe 541 0.0143
Sipetic et al'* 2013 Serbia Europe 395 0.0104
Skordis and Hadjiloizou'* 1997 Greece Europe 399 0.0105
Skordis et al'* 2002 Greece Europe 430 0.01132
Skordis et al'®® 2012 Cyprus Asia 473 0.01246
Skrivarhaug et al'' 2014 Norway Europe 1215 0.0327
Smith et al'? 2007 USA USA 683 0.0181
Staines et al'> 1993 UK Europe 519 0.0137
Staines et al'>* 1997 Pakistan Asia 39 0.00102
Stipancic et al'*® 2008 Croatia Europe 338 0.00887
Svensson et al'*® 2002 Denmark Europe 731 0.0194
Svensson et al'*’ 2008 Denmark Europe 827 0.022
Swai et al'>® 1993 Tanzania Africa 58 0.0015
Tahirovic et al* 2007 Bosnia and Herzegovina Europe 271 0.0071
Taplin et al'® 2005 New South Wales Asia 786 0.0209
Teedar et al'®! 2009 Estonia Europe 649 0.0172
Thunander et al'® 2008 Sweden Europe 1397 0.0378
Torffvit et al'® 2007 Sweden Europe 482 0.0127
Toth et al'** 1997 Canada USA 962 0.0257
Toumba et al'® 2007 Cyprus Asia 452 0.0119
Tran et al'® 2014 Australia Asia 827 0.022
Tuchinda et al'®” 2002 Thailand Asia 63 0.00165
Tull et al'®® 1991 Virgin Islands USA 286 0.0075
Tuomilehto et al'® 1991 Finland Europe 1219 0.0328
Tuomilehto-Wolf et al'”® 1991 Estonia Europe 407 0.0107
Tuomilehto et al'”! 1992 Finland Europe 1305 0.0352
Tuomilehto et al'”? 1992 Finland Europe 1031 0.0276
Tuomilehto et al'” 1993 Mauritius Africa 81 0.0021
Tuomilehto et al'”* 199 Finland Europe 1369 0.037
Tzaneva et al'”® 1998 Bulgaria Europe 241 0.00632
Vandewalle et al'7® 1997 Belgium Europe 448 0.0118
Vehik'”? 2007 Colorado USA 560 0.0148
Verge et al'’® 1994 Australia Asia 549 0.0145
Vichi et al'”® 2014 Italy Europe 508 0.0134
Vlajinac et al'® 1995 Serbia Europe 294 0.0077
Vos et al'®! 1996 Netherland Europe 753 0.02
Wadsworth et al'® 1995 England Europe 354 0.0093
Washington et al'® 2012 USAVirgin Islands USA 579 0.0153
Willis et al'® 2002 New Zealand Europe 757 0.02012
Wong'® 1994 China Asia 65 0.0017
Wong et al'® 1993 Hong Kong Asia 77 0.002
Yang et al'®” 1998 China Asia 18 0.00048
Yang et al'® 2005 China Asia 18 0.00047
Zalutskaya et al'® 2004 Gc?mel area Europe 200 000786
Minsk area 127 0.00332
Zhao et al™ 1999 England Europe 564 0.0149
Zhao et al™ 2014 China China 119 0.0031
Zubkiewicz-Kucharska and Noczynska' 2010 Poland Europe 471 0.01241
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Table 2. Prevalence and incidence of type 1 diabetes in the world

Prevalence Per 10000 Incidence Per 100000

World 7.5 15
Asia 3.8 15
Africa 5.2 8
Europe 12.5 15
America 5.0 20

Table 3. Characteristics of studies prevalence of type 1 diabetes

Study Country Prevalence Per 100000
Akazawa'” Japan 10
Akesen et al'** Turkey 67
Al-Herbish et al'* Saudi Arabia 109.5
Bessaoud et al'® Algeria 27
Dabelea et al* Navajo nation 18
Dabelea et al'® USA 148
Ehehalt et al*' Italy 110
Elamin et al'”” Sudan 95
El-Ziny et al* Egypt 26.8
Eriksson et al'®® Finland 270
Evans et al'” Scotland 220
Frongia et al* Italy 459
Gujral et al*! UK 75
Jorge et al*®? Portugal 128
Kemper et al** USA 167
Mayer-Davis et al'® USA 57
Moussa et al*** Kuwait 269.9
Ostrauskas®® Lithuania 80.64
Ostrauskas and Lithuania 70.23
Peter et al''® Bahamas 31
Pettitt et al**” USA 193
Ramachandran et al*% India 26
Rangasami et al'*” Scotland 150
Scott et al™*® New Zealand 115
Lopez Siguero et al'* Malaga 78
Soliman et al*® Oman 13.25
Songini et al*'® Sardinia 119
Wong'# China 8.3
Wau et al?" New Zealand 227

(Incidence=0.015 per 100 population, 95% CI=0.010 to
0.021 per 100 population, P<0.001), and the prevalence
of type 1 diabetes was 3.8 per 10000 people, which
was statistically significant (Prevalence=0.038%, 95%
CI1=0.017% to 0.084%, P<0.001 . . . show the
forest plot of prevalence and incidence of type 1 diabetes
in Asia.

Prevalence and incidence of type 1 diabetes in Africa
Prevalence and incidence of type 1 diabetes were extracted
from meta-analysis studies. In type 1 diabetes incidence,
the heterogeneity between studies in the meta-analysis
was significant (Q=23.79; df=6; P<0.001; 1°=74.78)
and in the prevalence of diabetes 1, the heterogeneity was
significant too, (Q=46.32; df=1; P<0.001; 1>°=97.84).
The incidence of type 1 diabetes in Africa was 8 per
100000 population, which was statistically significant
(Incidence=0.008 per 100 population, 95% CI=0.003 to
0.021 per 100 population, P<0.001), and the prevalence
of type 1 diabetes was 5.2 per 10000 people, which was
statistically significant (prevalence=0.052%, 95% CI:
0.015% to 0.168%, P<0.001). Figures 3A and 3B show the
forest plot of prevalence and incidence of type 1 diabetes
in Africa.
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Figure 2. (A) Incidence and (B) prevalence of type 1 diabetes in Asia.
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Figure 3. (A) Incidence and (B) prevalence of type 1 diabetes in Africa.
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Prevalence and incidence of type 1 diabetes in Europe

Prevalence and incidence of type 1 diabetes were
extracted from meta-analysis studies. In type 1 diabetes
incidence, the heterogeneity between studies in the meta-
analysis was significant (Q=895.56, df=96, P<0.001,

Model Study name Statisticsfor each study Logit event rate

Logit  Standard Lower Upper
eventrate emor Variance limit himit ZValue pValue

Brunc G et 2l [1930) 4987 0757 573 -6.471 3503 -6586 0000
Calori G etal [1990) -5008 0775 0600 -6528 3451 6466 0000
Serrano Rios M et al (1950} 4472 0457 0209 5367 3576 5730 0.000
Crow ¥l et 51(1991]s 4198 0350 122 -4.884 -3512-11996 0.000
Crow Yl et al (1991)b 4299 0386 0.149 -5.055 -3543-11.141 0000
Grabauskas V et al (1991} 4999 0766 0587 -6501 -2.437 -6.525 0000
Metcalte AM et al (1991} 4291 0383 0147 -5.042 354111206 0.000
Tuomilenta ] etal (1991) 3562 010 0036 -3.935 318918737 0.000
Tuemilehto ) et al (1991} -4.527 0482 0.232 5471 2532 -9.3% 0.000
Tuomilento ] etal (1991} 338¢ 0151 0026 -3.699 3059 21044 0.000
ScattRetal(1992) 4353 0407 0165 -5.151 355610702 0.000
Goday Aetal (1992) -4.527 0482 0232 -5471 2582 -9.39% 0.000
Podar R et al (1992) -4.428 0433 0191 -5.285 -2.570-10.120 0.000
Tuomilehto ) etal (1992 3311 0150 0023 -3.605 -2.016 22041 0000
Muntoni S et al (1992) 3692 0215 0046 4114 -2271-17.162 0000
Bruno G et al [1993) 4999 0765 0587 -6501 2497 -6.525 0000
Calle-Pascual Aetal (1983) -4.189 0347 0120 -4.869 -3.509 -12076 0.000
Stzines Aetal [1993) 4277 0378 0143 5017 -3536-11325 0000
CherubiniV st a1 (1995) 4808 0635 0403 6052 -

Mazzella Metal (1994) -4.435 0440 0.194 5298 3. .C
Samuelssan UL ezl (1954) 3655 0208 0043 4062 224817

Visjinac H st al (1995) 4859 0657 0445 6167 -3

Wadsworth Eatal (1995) 4668 0558 0307 -5.754 -
Dacou-Voutetakis C et al (1595) -5069 0821 0674 6678 -

Vos Cetal (1996) -3.8592 0260 0068 -4.402 -

Karvanen M et al (1996} 3298 0148 0022 -3.590 3

PriscoF et al (1996) -5.098 0.845 0714 -6.755 -3

Sebastiani Letal (1996) 4833 0651 0424 £109 3!

CarrascoEetal (1996) 6047 2172 4719-10305 1789 27 —
Bruno G et al [1997) -4.300 0.695 0483 -6.263 -3

NeuAetal (1997) -4.445 0445 0.198 -5.318 -

SiguercJP atal (1997) 4233 0362 0131 4943 352311690 0000
Vandewalle CH etal (1957) 4428 0438 0191 5285 -3570-10.120 0000
Frongia O etal (1997) 3226 0139 0019 -3.498 -2.954 23227 0,000
Muntoni § et al (1997) -3.353 0.156 0.024 -3.659 -3.047 -21.465 0.000
Rangasami ] etal (1997) -3710 0215 0048 4.138 -2.231-16960 0.000
Skorais N st =1{1997) 4586 0451 0241 -5.508 3533 5256 0.000
Taneva Vet al (1998) -5.058 0.813 0.661 6651 2465 -£.222 0.000
Pinelli L et al (1998} 4527 0482 0.232 5471 2582 -9.3%6 0.000
Aitoballi £ 2t al (1998) 4664 0552 0304 -5745 -3583 8453 0.000
Battelino T et al (1998) -4.820 0643 0413 5080 -3560 -7.499 0.000
Rosenbaur ) at al (1999) 4808 0635 0403 -6052 -3564 -7.575 0000
Tuomilehte J et al (1399) -3.259 0.143 0021 -3.540 -2979 -22762 0.000
ZhaoZetal (1999) -4.151 0343 0121 4873 3510-12060 0.000
Patterson Cetal (2000) -3988 0286 0082 -4548 -3.428-13962 0000
Patterson C et al (2000} -3.173 0.132 0017 -3.432 -2914-23993 0.000
Patterson C etal (20006 -5.741 1556 2549 8870 2612 -355 0000 b
Morsles-Perez FM et 31 (2000] -2345 0408 0163 -5.137 -3.558-10757 0.000
Cinek O et al (2000} -4.585 0510 0260 -5.585 -3.585 -8.984 0.000
Bratina N etal (2001) -4.754 0603 0363 -5936 3573 -7.887 0.000
Erunc G atal (2003) 4848 0660 0436 6143 3554 7.341 0000
Feltbower RG et 3l (2001 4330 0398 0158 -5109 355010890 0,000
Schoenle El et al (2001) -4.548 0451 0241 5508 2583 -9.256 0.000
Giralt Muifia P et al (2001} -3.623 0201 0041 4.018 -2.228 -17.986 0.000
NeuAeral 2001) 4363 0413 0171 5180 355910563 0.000
Santos 1L atal(2001) 5490 1247 1556 -7.935 3045 4401 0.000
Daiatkowiak H et al (2002} 4783 0.620 0.334 5998 3568 7714 0.000
Daiatkowiak H etal (2002} 5045 0803 0644 6619 3472 6284 0.000
Duiatkowiak H atal (2002)c 4833 0651 0424 5109 3557 7423 0000
Gharkaluk ML et al (2002} 4638 0538 0290 -5.693 -

Svansson et al (2002} 3923 0268 0072 -4.448 -

Martinucci ME et al (2002} -5.377 1114 1241 -7560 3.

willis J st al (2002) 2886 0258 0087 -2393 -

AepiML et a1 (2002 4379 0417 0173 -5.197 -

Skordis N et al (2002) -4.470 0456 0208 5363 3!

Rocha Estal (2002) 4082 0313 0098 -2694 245913058 0.000

Mamoulakis D et a1 (2003) 5093 D341 0708 5742 344
Zalutskay Aet al (2003)a 4838 0658 0427 6119 -

5054 0,000
7 7.400 0000

Zalutskay Aet al (2003)6 5704 1543 2380 -8.728 - -3.698 0,000 -
Cotellessa Metal (2003) 4365 0412 0169 5171 - 10.605 0,000
Pundziute-Lyckd A st =1 (2003) -4.647 0543 0294 5710 -3583 -8.565 0.000

Pundziute-Lycka At al (20030 -4.969 0.745 0.555 -6.429 -2.509
Rytkonen Metal (2003) 3208 0142 0020 3526 257
Cinek 0 et al (2003) 4435 0441 0195 5301 3

6671 0.000
22918 0000
10052 0000

--.-#_lll.t_-.h#-.nn--.h-....h-#.+#...'l'..-.'llhh'|'.-.+.l|ll|'*lll+-.-'|'lll-T..-.ﬂnh.“n-#T'I"F.-h*.-h-*._u-.-.-h-H'

Michalkova D et al (2004) -4.258 0371 0.137 4934 3! -11.489 0.000
CasuAetal (2004) 3210 0137 0019 3.478 2842 23465 0000
Campbell-Stokes PL st al (2005 4005 0250 0084 4574 3.436-13736 0000
Mauny Fat 3l (2005) -5.105 0852 0725 6774 -5.994 0000
Lora-GoMez RE &t 3| (2005) 4089 0305 0095 4675 3.464-13.179 0000
Karvanen M et al (2006 -3.155 0130 0017 -3.410 - -24.257 0.000
Cardwall CR &t 2l [2006) 3676 0212 0045 4091 3261-17352 0.000
CarrascoE et al (2006s) 5017 0781 0609 5547 3487 £.426 0.000
Carrasco E et al (2006b) -5.512 1274 1622 -B.008 3. 4328 0.000
Bah?llo MP et al (2007} 3784 0235 0055 4.244 3: -16.118  0.000
Tahirowi? H et al (2007) 4981 0723 0523 5359 3523 6829 0000
Lammi N et al (2007) -4.125 0326 0106 -4.765 - -12.651 0,000
Ostman J et al (2007) -4353 0407 0165 -5.151 -3556-10.702 0.000
Pranina EA et al (2008) -4.338 0401 0181 -5123 -3552-10824 0000
Stipancic G et al (2008) 4716 0580 0337 5853 3579 8130 0000
Swensson | et 2l (2008) -3.794 0237 0.056 -4.259 -3.330-16.006 0.000
Thunander M et al (2008} -3.237 0140 0020 -3.512 -
Gopinath S etal (2008) 3689 0214 0046 4110 -
HarjutsaloV et al (2008) -3.105 0124 0.015 -3.349 -2
Barat P et al (2008) -4.294 0384 0148 -5.047 -3.541-11.178 0.000
Enenalt s et al (2008) 4247 0367 0135 4967 352811572 0.000
8runo G et al (2009) -4668 0554 0307 -5754 3583 8431 0,000
TeeaarTetal (2009} 4045 0302 0091 4537 -3.454-13.400 0000
Abellana R et al (2009) -4.428 0438 0191 -5.285 -3.570-10.120 0.000
Enenalts et al (2009) 4198 0350 0122 4884 3512-11996 0000
sizmarri Ceal (2010} 4180 0331 0109 4787 -3.452-12523 0.000
Bruno @ etal (2010} -4.389 0421 0178 -5.215 -2.563 -10415 0.000
JaroszChobot P etal (2010) -4.608 0522 0273 5632 2535 -8.822 0000
Samardzic M et al (2010} 4299 0386 0149 5055 356311141 0000
Zubkiewia-Kucharska Aetal(2010) 4377 0416 0173 -5.193 -3561-10516 0000
BechanY et al (2011) 3081 0122 0015 3319 284325343 0000
JaroszChobot P etal (2011) 4575 0505 0255 5565 3535 5085 0000
Rytas Ostrauskas,( 2011} 4783 0620 0384 5998 3568 -7714 0000
Derraik et sl (2012) 3771 0232 0054 -4226 -3317-16258 0.000
Radosevic Betal (2012)a -4.885 0685 0470 6229 3542 7128 0000
Muinz PG et al [2012) -3.562 0150 0036 -3.935 -3135-13737 0000
Ehehalts st =1(2012) 4164 0339 0115 -2828 -3501-12300 0.000
Radosevic Bet al (2012)b -4.369 0413 0171 -5180 -3.559 -10.569 0.000
Brunc G et al [2013) -3.060 0.11% 0014 -3.293 -2.826 -25.664 0000
SipaticSetal (2013) -4.555 0496 0246 -5.528 -3.583 -9.185 0.000
Compe’s ML et a1 (2013} 3933 0271 0073 -4465 -3.402 14514 0,000
ForgaLetal (2013) -4.738 0582 0350 -5.896 2576 -8.001 0.000
HarjutsaloV etal (2013) -2.701 0.087 0.007 -2.871 -2.532 -31.205 0.000
Demirbilek H et al (2013) 4926 0713 0509 5324 3529 £907 0000
Chobot Aetal (2014) -4.418 0433 0.188 -5.267 -2.568-10.192 0.000
Skrivarhaug Tetal (2014) -3.387 0.161 0.026 -3.703 -2.071-20.998 0.000
Vichi Metal (2014) 4299 0386 0149 5055 354311141 0000
Random 4087 0060 0004 -4.205 -3968-67.602 0.000

1
H
g
e
H

Figure 4. Incidence of type 1 diabetes in Europe.

[2=89.28). Moreover, in the prevalence of diabetes 1, the
heterogeneity between studies was significant, (Q =5493,
df=14, P<0.001, 1*=99.74). The incidence of type 1
diabetes in Europe was 15 per 100000 population, which
was statistically significant (Incidence=0.015 per 100
population, 95% CI=0.013 to 0.018 per 100 population,
P<0.001), and the prevalence of type 1 diabetes was
12.5 per 10000 people, which was statistically significant
(Prevalence=0.125%, 95% CI=0.086% to 0.177%,
P<0.001). Figures 4 and 5 show the forest plot of
prevalence and incidence of type 1 diabetes in Europe.

Prevalence and incidence of type 1 diabetes in America
Prevalence and incidence of type 1 diabetes were extracted
from meta-analysis studies. In type 1 diabetes incidence,
the heterogeneity between studies in the meta-analysis was
significant (Q=47.74, df=15, P<0.001, I?’=68.58). In the
prevalence of type 1 diabetes, the heterogeneity between
studies was also significant (Q=871.9, df=7, P<0.001,
I=99.19). The incidence of type 1 diabetes in America
was 20 per 100000 population, which was statistically
significant (Incidence=0.020 per 100 population, 95%
CI=0.017 to 0.023 per 100 population, P<0.001), and
the prevalence of type 1 diabetes was 5 per 10000 people,
which was statistically significant (Prevalence=0.050%,
95% CI=0.036% to 0.070%, P<0.001). Figures 6A and 6B
show the forest plot of prevalence and incidence of type 1
diabetes in America. A sensitivity analysis was done for
Incidence of type 1 diabetes in America based on excluding
studies with too wide CIs. Sensitivity analysis’s results
show that the incidence of type 1 diabetes in America is
19 per 100000 population, which is statistically significant
(Incidence=0.019 per 100 population, 95% CI=0.016 to
0.022 per 100 population, P<0.001).

Prevalence and incidence of type 1 diabetes in the world
Prevalence and incidence of type 1 diabetes were extracted
from meta-analysis studies. In type 1 diabetes incidence,
the heterogeneity between studies in the meta-analysis
was significant (Q=1020.30, df=137, P<0.001, I*°=86.57)
and in the prevalence of diabetes 1, the heterogeneity was
significant too, (Q=111355, df=30, P<0.001, I*=99.97).
The incidence of type 1 diabetes in world was 15 per
100000 population, which was statistically significant

Model  Study name Statistics for each study Event rate and 95% C|
Event Lower Upper
rate  limit limit ZValue p-Value
Akesen E etal (2010) 006706 0058 0078 32267  0.000 h.
Bessaoud K et al (1000) 002676  0.018  0.039 -18.422  0.000
DabeleaDetal (2014) 014802 0138 0158 43258 0000 | |
ErkssonJ etal (1992) 026994 0.260 0280 -36.433 0000
Evans JM etal (2000) 021996 0210 0230 -42573  0.000 :
Frongia O etal (1907) 045868 0449 0460 8008  0.000 [ |
Gujral JS et al (1993) 007505 0.066 0.086 -34.161  0.000 [ |
Jorge Zetal(2003) 012803 0118 0.138 41675  0.000 | ]
Ostrauskas R (2007)a 008076 0071 0001 35364 0000 [ ]
Ostrauskas R (20070 007018  0.061 0.081 -33.086  0.000 | ]
Rangasami J et al (1967015006 0.140 0.160 43343  0.000 | |
ScottRetal (1882)  0.11508 0105 0.125 40704  £.000 | |
Siguero JP et al (1997) 007818 0.069 0089 -34817 0000 | ]
Songini Metal (1983) 011895 0100 0420 41137  £.000 [ |
Wu D el al (2005) 022897 0217 02537 -42.146  0.000
Random 012487 0086 0177 9300 0000 .1

.50 0.25 0.00 0.25 0.50

Figure 5. Prevalence of type 1 diabetes in Europe.
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(M)

Study name

Statistics for each study

Event rate and 95% CI

Event Lower Upper
rate  limit limit Z-Value p-Value
Ferreira S et al (1993) 0008 0000 0.142 -3109  0.002
Frazer De Llado T etal (1998) 0.018 0016 0.021 -53.704 0.000 [ |
Gardner S et al (1897) 0019 0012 0030 -16305 0.000 -
Lawrence J et al (2014) 0.024 0.022 0.027 -60.207 0.000 | |
Libman | et al (1998) 0.0177 0.006 0.042 8372 0.000 l—
Lipman TH et al (1993) 0.013 0.004 0.042 -7.127 0.000 -—
Lipman TH et al (2002) 0.013 0.004 0.040 -7.400 0.000 ——
Lipman TH et al (2006) 0.015 0.005 0.041 -7.788  0.000 -
Lipton R et al (1995) 0.012 0.004 0.034 -8.136 0.000 —
Lipton R et al (2002) 0015 0006 0038 -8706  0.000 ——
Mayer-Davis E et al (2009) 0016 0008 0.042 -7.953  0.000 -
Rueda O et al (1998) 0.001 0000 0.995 -1.100 0.271
Smith TL et al (2007) 0.018 0.011 0.029 -15766 0.000 -
Vehik KS (1996) 0.015 0010 0023 -18481 0.000 -
Washinglon R et al (2013) 0.015 0.002 0.138 -3.504 0.000
Dabelea (2009) 0.026 0026 0027 -356.288 0.000 | ]
0.020 0.017 0.023 -46.457 0.000 ¢
-0.10 -0.05 0.00 0.05 0.10
(B)
Model  Study name Statistics for sach study Event rate and 85% C1
Event Lower Upper
rate  limit  limit  Z-Valua p-Valus
Ehehalt S etal (2009)  0.11008 0100 0120 -40.116 0000 .
Mayer-Davis E et al (2009D.05714 0.048 0088 20568  0.000 [ ]
Peter S et al (2007) 003120 0023 0043 -20291 0000
Pettitt D et al (2014) 019305 0183 0203 -43667 0.000 [ |
Kemper AR etal (2006) 0.16700 0158 0.177 45427 0,000 |
Dabelea D etal (2014)a 0.01400 0014 0014 -914345 0000
Dabelea D etal (2014)o 001900 0018 0019 -1001467 0000
Dabelea Detal (2008) 001800 0017 0019 -166.461 0.000
Random 005010 0036 0070 -16253 0.000 +

Figure 6. (A) Incidence and (B) prevalence of type 1 diabetes in America.

(Incidence=0.015 per 100 population, 95% CI=0.013 to
0.017 per 100 population, P<0.001) (data not shown). The
prevalence of type 1 diabetes was 7.5 per 10000 people,
which was statistically significant (prevalence=0.075%,
95% CI=0.051% to 0.11%, P<0.001). Figure 7 shows the
forest plot of prevalence of type 1 diabetes in the world.

Publication bias

In order to assess the publication bias, Eggers Regression
test was used. Based on the results, the publication bias
between studies was not significant.

Meta-Regression

Meta-regression was used to determine the effect of time
on type 1 diabetes incidence. The results showed that the
incidence of type 1 diabetes has increased over time. The
meta-regression plot is shown in Figure 8.

Discussion
The global trend of increasing prevalence of type 1
diabetes, with multiple etiologies, operates through
multiple mechanisms. In the present study, data were
extracted from 191 articles between 1990 and 2019.
The results showed that the incidence of type 1 diabetes
in continental subgroups (Asia, Africa, Europe, and
America) was 15 per 100000, 8 per 100000, 15 per 100 000
and 20 per 100, respectively. Also, the global prevalence
of continental subtypes of type 1 diabetes in the above
regions was, 3.8 per 10000, 5.2 per 10000, 12.5 per 10000,
and 5.0 per 10000, respectively.

Relative differences between obtained results and
previous statistics may be due to different research time

periods and new global population status. Especially in
recent years (social, political and economic migration),
the changing global climate coupled with new policies and
sanctions that have led to poorer middle-income and low-
income countries.?"?

The pathogenesis of type 2 diabetes is known, which
is associated with different genes and the involvement of
multiple factors. Type 2 diabetes can be prevented and
treated by removing or reducing these factors. Most of the
warnings of national and international health bodies and
diabetes associations are based on lifestyle changes and
stress reduction that can prevent diabetes.*

But in type 1 diabetes, that make up 5 to 15 percent
of diabetics and often involve children, Prevention ways
have not yet been defined. However, screening of type 1

Modsl  Study name Statistics for each study Event rate and 95% €I
Event Lower Upper
rate  limit  limit  ZValue p-Valuo

Akazawa Y (1884) 001217 0005 0027 -10.703 0.000
Akesen E etal 2010) 006706 0058 0078 -32267 0000 [ |
Al-Herbish A etal (2008) 010845 0100 0120 -40.058 0,000 [}
Bessaoud Ketal (1900) 002676 0018 0038 -18422 0.000
Dabelea Detal (2014) 014802 0138 0158  -43.268  0.000 |}
Ehehall S el al (2000) 011008 0100 0.120 -40.116 0.000 [ ]
EiZing MAetal (2014) 002605 0010 0036 -18.384 0,000
Eriksson J et al (1992) 026994 0260 0280 -38433 0,000 ;
Evans JM et al (2000} 021896 0210 0230 42573 0.000
Frongia O et al {(1997) 045806 0.440 0468  -B.00B  0.000 |
Gujral JS ot al (1893) 007505 0086 0088 34161 0000 | |
Jorge Z etal (2003) 012803 0118 0138 41975 0000 [ |
Mayer-Davis E etal (2009) 005714 0.048 0068 -20.560 0.000 | |
Moussa M et al (2004) 026888 0260 0280 38437 0.000 [ ]
Ostrauskas R (2007)a 008076 0071 0091 -35.364 0.000 | |
Ostrauskas R (2007} 007018 0081 0081 33066 0.000 | |
Peter 5 et al (2007) 003120 0023 0043 20291 0.000
Pettitt D et al (2014) 019305 0.183 0203 43667 0.000 | |
Ramachandran A etal (1992D.02569 0.017 0038 -17.842  0.000
RangasamiJ etal (1997) 015006 0.140 0760 43343 0,000 | |
Scalt R et al (1862) 011509 0105 0125 -40.704 0.000 [ ]
Siguero JP etal (1097) 007818 0060 0080 34817 0000 ]
Saliman A et al (1996) 001384 0007 0026 -11.188  0.000
Sangini M et al (1863) 011805 0100 0126 41437 0000 | |
Wong G (1984 000849 0.003 0.028 8012 €000
Wu D et al (2005) 022897 0217 0237 42146 0.000 | |
Elamin A et al (1989) 009500 0092 0098 -137.022 0.000 | ]
Kemper AR etal {2008)  0.16700 0.158 D177 45427 0.000 [ |
DabeleaDetal (2014)a 001400 0014 0014 -914.345 0.000
DabeleaDetal (2014)p 001900 0.019 0.018 -1001.467  0.000
Dabelea Detal (2009) 001800 0.017 0018 -166.461 0.000

Random 007506 0051 0110 -11.838 0.000 >

.50 025 0.00 025 050

Figure 7. Prevalence of type 1 diabetes in the world.
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Regression of Year on Logit event rate
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Figure 8. The meta-regression plot.

diabetes in prone families in relation to autoantibodies
has recently been proposed. Also, clinical studies on the
prevention of type 1 diabetes have been conducted.214

If one foot was amputated every 30 seconds, today
it's every 15 seconds. Need for dialysis equipment will
increase. The CCU and ICU beds will be full of stroke
and myocardial infarction patients. The population of the
blind increases and unfortunately, new, effective, and less
complicated treatments become more expensive.?'®

The disease shows a significant increase in glucose and
possibly DKA. These patients definitely need insulin due
to the pathogenesis of insulin deficiency. Manufacturing
and production of insulin (traditional insulins and analog
insulins) and insulin pumps, despite being inexpensive
in producing countries, is shipped to low- and middle-
income countries for high prices which is a major problem
for the managing of type 1 diabetes patients. Certainly,
uncontrolled hyperglycemia in type 1 diabetic patients
will make all the problems more severe.*'¢

Limitations

One of the limitations of the study was the poor quality
of some articles and, despite a careful search, the lack of
access to some of the full text of the published articles.

Conclusion

According to the results, the incidence and prevalence of
type 1 diabetes are increasing in the world. As a result,
insulin will be difficult to access and afford, especially
in underdeveloped and developing countries. Thus,
warnings about this can help international organizations
and countries to plan for preventive measures.
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