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We are in the midst of  a diabetes pandemic. In 2000, 171 million 
people worldwide were affected by the disease  with projections 
that it will affect 366 million by 2030. The incidence of  type 1 a 
diabetes has been doubling approximately every two decades. Per-
haps the most striking change in diabetes over recent years has 
been the convergence of  previously distinctive phenotypes. The 
possibility that type 1 and type 2 diabetes are merely poles of  a 
single spectrum, where variation in the tempo of  beta cell loss is 
determined by age at onset and symptoms at presentation, has im-
portant implications. Beta cell deficiency underlies both type 1 and 
type 2 diabetes, and restoration or replacement of  beta cell func-
tion is therefore the logical long-term solution to therapy. New 
beta cells derived from embryonic stem cells may be an interesting 
future strategy for the treatment of  diabetes, but this approach 
appears to be far from ready for clinical application. "The acce-
lerator hypothesis" proposes that insulin resistance remains the 
driver responsible for acceleration of  beta cell loss among those 
with reactive immunoresponse genes. Children who develop type 
1 diabetes are taller and heavier than their peers. The consequence 
of  more rapid growth is insulin resistance, when beta cells become 
more active and more antigenic for the immune system. Althou-
gh immunomodulatory therapy slows the tempo of  beta cell loss, 
insulin resensitization may be an intervention that is more physio-
logical, less toxic and considerably cheaper and would encourage a 
lifestyle change in the prevention of  childhood diabetes.
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Introduction

The rise in the incidence of  diabetes mellitus 
in children has reached a disturbing rate, so it 
may rightfully be called epidemic of  the 21st 
century. The number of  new patients has 
been doubling every second decade. Every 
10 seconds one person in the world dies of  
diabetes, and two new persons become ill. 
The incidence growth is the largest in the 
population of  children under the age of  14. 
Until 1995, around 135 million people had 
diabetes, whereas in 2000 that number rose 
to 171 million. If  this trend continues, we 
can expect that 366 million people will have 
diabetes by 2035 (1-4). The incidence of  type 
1 diabetes (T1DM) declines from the north 
to the south of  Europe with the exception 
of  Sardinia in the south, which is marked as a 
“hot spot” (5). Compared to the other coun-
tries of  the former Yugoslavia, Montenegro 
has the highest incidence of  type 1 diabetes 
mellitus in the 0-14 age group – 13.4/100000 
(6). The standardized incidence of  T1DM 
in Serbia is 8.1/100,000 (7), in Croatia 
8.9/100,000 (8), in Slovenia 11.1/100,000 
(4), in Bosnia and Herzegovina (Canton of  
Tuzla) 6.9/100,000 (9) and in Macedonia 
3.6/100,000 children per year (10). The inci-
dence of  type 2 diabetes (T2DM) which was 
quite rare in children until 1990 (1-2 % of  
all patients) is also growing, and in the USA 
it has already reached 30-50% which is the 
consequence of  the growing incidence of  
obesity in children and youth (11, 12). Homo 
sapiens has become homo obesus. 

Diabetes is a genetic, immunological and 
metabolic disorder. It is characterized by 
hyperglycaemia, hyperlipidaemia, hyperami-
noacidemia and disturbed energy metabolism. 
More than 30 years ago T1DM was connec-
ted with an HLA genotype followed by the 
lymphocyte infiltration of  island cells and the 
occurrence of  auto-antibodies to the protein 
components of  pancreatic beta cells. The cla-
ssification of  diabetes includes 4 main types:

1) type 1 diabetes mellitus (A-autoimmu-
ne and B-idiopathic form),

2) type 2 diabetes mellitus 
3) other specific forms of  diabetes (ge-

netic – MODY 1-6, disorders of  the 
exocrine pancreas, diabetes in other 
endocrinopathies) and 

4) gestation diabetes. 

Childhood diabetes changes its well 
known face

Perhaps the most striking change in diabetes 
over recent years has been the convergence 
of  previously strictly distinctive entities. Until 
recently, it was easy to distinguish type 1 from 
type 2 diabetes, especially in children. However, 
what occurs now is the so called mixed form 
or hybrid diabetes which shows the characte-
ristics of  both types (13). Thus, T1DM was 
clearly marked as diabetes occurring in children 
and young persons, ketosis-prone diabetes, and 
newly discovered patients become dehydrated 
and thin. The concentration of  insulin in the 
serum is low, auto-antibodies to island cells are 
present, and insulin is necessary for survival. 
T2DM occurred in older obese persons, it was 
not ketosis-prone, and it was not the consequ-
ence of  insulinopenia but of  insulin resistance, 
and auto-antibodies were usually not present. 
Insulin is not necessary for survival in type 1 
diabetes, but in some patients it is certainly ne-
cessary to achieve better metabolic control. 

Although newly diagnosed T1DM chil-
dren present themselves in a cachectic and 
dehydrated state, the reality is changing. 
Newly diagnosed T1DM children show 
accelerated growth, they are often obese, 
dehydration is mild and besides a very dis-
tinguished hyperglycemic syndrome, they 
are not so prone to ketosis, and most impor-
tantly, the age limit has changed to preschool, 
toddler and even infants. New types of  dia-
betes are appearing in the literature, such as 
the hybrid type of  diabetes or 1/2 diabetes, 
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then LADA (latent autoimmune diabetes in 
adults), LADY (latent autoimmune diabetes 
in young) and fulminant type 1 diabetes (13-
16). The last type was described in Japan and 
Korea which occurred massively in children 
and adults who ate corn polluted with ro-
denticide. Like the very name indicates, the 
beginning was abrupt, the development was 
fulminant with heavy diabetes ketoacydosis, 
whereas the auto-antibodies were negati-
ve (16, 17). Like other specific autoimmune 
diseases, type 1 diabetes mellitus is also the 
result of  a complex interaction of  genetic 
factors, external and endogenous factors and 
only a specific combination will result in a 
disease (picture 1). Genetic factors are: HLA-
DR ¾, HLA-DQ 2/8, INS/VNTR, on chro-
mosomes 6 and 11, as well as immunoregu-
latory CTLA-4 (18, 19). The external factors 
which are most often blamed for diabetes 
are viruses (especially Coxacki B4, Rubella, 
Parotitis) (20-24), early diet of  cow milk (bo-
vine proteins and bovine insulin present in 

milk), then vitamin D deficiency, the use of  
antibiotics (quinolone used by the mother 
deposited in her bones and released during 
pregnancy and breast feeding) (21), giving 
birth by Caesarean section, because there is 
no passage through the genital tract so the 
newborn is immediately colonized by hospi-
tal germs (22), food toxins, preservatives and 
pesticides, cola-drinks, physical and psycho-
logical stress in the family and school. The 
endogenous non-preventable factors are sex, 
age, accelerated growth, puberty and strong 
emotional sensitivity (23, 24). 

The autoimmune insulitis in type 1 diabe-
tes leads to the destruction of  pancreatic beta 
cells and insulin deficiency. According to the 
current theory, the beta cell loss is progre-
ssive and definite. However, new facts show 
that the destiny of  beta cells in autoimmune 
diabetes can be different: necrosis, apoptosis, 
permanent suppression, or recovery. Regene-
ration occurs even after multiannual duration 
of  diabetes and continues throughout life. 

Figure 1 Complexity of the interplay between genetic, environmental and endogenous factors in childhood diabetes 
(5, 19, 24, 26)  
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Another theory indicates that beta cells are 
irreversibly destroyed in diabetes. But this 
theory has also been refuted by the finding 
that replication is possible even in older per-
sons, it is most often meagre but under some 
conditions it may be increased tenfold (25). 
Insulin resistance is specific for type 2 diabe-
tes. A new fact is that type 1 diabetes is pre-
ceded by the stadium of  insulin resistance, 
whereas type 2 diabetes involves the loss of  
beta cells through apoptosis (26-27). Some 
authors go even further by claiming that 
type 1 and type 2 diabetes are parts of  the 
spectrum of  the same disease and the diffe-
rence is only in the velocity of  the beta cell 
destruction (28, 29). There are two attractive 
theories that stood out in recent years which 
explain the increase in the incidence of  dia-
betes in the youngest (27, 28). 

Wilkin’s Hypothesis of Acceleration

According to Wilkin the first step in the 
occurrence of  both types of  diabetes is the 
genetic tendency towards beta cell apoptosis 
(29). Such a constitution in the second pha-
se leads to acceleration (physical inactivity, 
excessive nutrition and obesity) which leads to 
beta cell stress (picture 2). In the third phase 
blood glucose is already elevated and the toxic 
effects of  hyperglycaemia activates the auto-
immune process (28-31). Key evidence of  the 
acceleration hypothesis are the following:
1. The growth of  incidence of  type 1 diabetes 

happens simultaneously with the growth of  
incidence of  obesity in children,

2. Children who get diabetes have greater 
body mass than their peers,

3. Obese children develop diabetes earlier 
(obesity is the only factor where there is 
a direct correlation between the level of  
obesity and the occurrence of  diabetes), 
which is proof  of  true acceleration,

4. The contribution of  genes in type 1 dia-
betes has been reduced in the latest ge-

neration because of  the large pressure of  
the environmental factor,

5. In two identical twins, the one that will 
get diabetes has more prominent insulin 
resistance and 

6. Insulin resistance leads to the accelerati-
on of  beta cell loss in those with reactive 
HLA genes.
Wilkin thinks that the hypothesis is de-

veloped enough to carry out a study with 
insulin sensitizers such as metformin or ti-
azolidinedionas. Reclassification of  diabetes 
could result in different types of  prevention 
through a change of  life habits. Namely, pre-
vention based on the autoimmune paradigm 
of  type 1 diabetes did not result in a decrease 
in the incidence. On the contrary, the inci-
dence is growing unstoppably. The effects of  
metformin which reduces beta cell apoptosis, 
reduces oxidative stress markers and slows 
down the aggravation glycoregulation are ju-
stification for intervention with this medici-
ne in the prevention of  T1DM (32).

Our experiences with the use of  metfor-
min in newly diagnosed T1DM children are 
favourable (33). We used metmorfin com-
bined with insulin, after 7-10 days after dia-
gnosis in decompensated, or immediately in 
compensated patients. Children treated with 
metformin go faster into remission, and some 
of  them even had complete remission for lon-

Figure 2 Wilkin's  accelerator hypothesis: constitu-
tion and accelerators promote autoimmunity (28, 29)
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ger than 2 years. Further research is necessary 
in a randomised control study (33, 34). 

The Overload Hypothesis 

Similar to the previous hypothesis, this one 
also blames irregular nutrition and overeating 
for the growth of  the incidence of  diabetes. 
Pregnant women are becoming heavier and 
heavier, just like their foetuses and newborns. 
While the foetus is still in the uterus, it alre-
ady has fat accumulated in deposits which 
cause the overload of  beta cells. These chil-
dren grow rapidly and enter puberty earlier. 
Besides, reduced physical activity, vitamin D 
insufficiency and energy loaded food lead to 
insulin resistance, hyper-function and hyper-
trophy, and later apoptosis and beta cell de-
struction (27).

Prevention Strategies     

Numerous attempts at prevention, the pur-
pose of  which was to avoid and postpone the 
occurrence of  T1DM, such as:

1. detection of  genetically predisposed 
individuals and vaccination,

2. breast feeding, or if  that is not possi-
ble, the use of  hydrolysed formulas,

3. optimal intake of  vitamin D,
4. delaying the introduction of  cereals in 

nutrition,
5. limitation of  the use of  antibiotics, 

and 
6. the use of  probiotics
    have not produced so far any convin-

cing results (5, 19).

These hypotheses impose new prevention 
strategies which imply regular nutrition, ma-
intenance of  optimal body mass and physical 
activity. Prevention practically becomes the 
same for both types of  diabetes and for all 
age categories.

New Therapy Options: replacement 
of beta cell mass with stem cells or 
preservation and renewal of beta cells

The purpose of  many elaborate pieces of  re-
search in the world is to turn diabetes into a 
curable disease without insulin injections as 
the only therapy option. Some of  the new 
medications are in the final stage of  testing.

Since both types of  diabetes are charac-
terised by a significant beta cell deficiency, 
primarily caused by beta cell apoptosis, the 
idea of  mass replacement with new beta cells 
from embryo stem cells represents an inte-
resting strategy, but it is still far from clini-
cal application. Human embryo cells can be 
differentiated so they can produce and re-
lease insulin, but in vitro they still react to 
different secretagogues but not to glucose. 
Besides, it is difficult to reproduce the com-
plex organisation of  island cells in which 
the insulin secretion is regulated by neural, 
endocrine and paracrine mechanisms. There 
are also some ethical obstacles and finally, it 
is still impossible to control the proliferative 
activity of  embryo cells which possess the 
risk of  tumour formation (25).

The current clinical studies have as a goal 
to stop the autoimmune process and preser-
ve, and possibly renew beta cell mass (35). 
To that purpose, scientists are testing the 
following agents:

Anti-gene specific therapy
▪ DiaPep277(HSP)-p277 heat shock pro-

tein, and
▪ Dyamid (rhGAD65- recombinant hu-

man glutamic acid decarboxylase 65)
Imunomodulatorna terapija

▪ Anti CD3 antibodies (Ala-Ala) mo-
noclonal antibodies directed at T lymp-
hocytes

Anti-inflammatory therapy
▪ Anakinra (IL1 RAb) – antibody to the 

IL1 receptor.
However, the emphasis is on the fact that 

the individual reaction of  subjects is still 
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unpredictable in the application of  these me-
dications, especially in childhood.

Nicotinamide, which in experiments succe-
ssfully prevented diabetes in mice, has become 
completely inefficient. Namely, nicotinamide 
protected the beta cells of  rodents from che-
mically (streptozocine) induced necrosis but 
not from the apoptosis induced with cytokinins 
(36-37). Cyclosporine was also used in attempts 
to treat newly diagnosed diabetes patients, but 
besides its toxicity it turned out that it increases 
beta cell apoptosis (38).

Conclusion

Despite intensive research in the last 30 years 
based on autoimmune paradigms and increased 
knowledge of  the mechanisms of  beta cell de-
struction, as well as impressive attempts at the-
ir replacement and preservation, the cause of  

diabetes has not been fully explained and there 
is no safe way of  prevention and treatment. In-
sulin re-sensitization could be a more natural 
intervention, less toxic and considerably chea-
per. Beta cell stress should be reduced through 
a change in dietary habits and physical activity. 
We are still waiting for a major breakthrough 
in diabetes treatment, like the one that hap-
pened in 1921 when scientists discovered and 
used insulin for the first time. Until then, pa-
ediatric diabetologists can only ensure optimal 
insulin compensation, to make the metabolism 
of  a sick child as normal as possible, to guide 
him through the different stages of  the disease, 
growing up and the challenges of  puberty, until 
full maturity and an active life, which is hard but 
worth the effort.

Conflict of  Interest: The authors declare that 
they have no conflict of  interest. This study was 
not sponsored by any external organisation.

Literatura

1. King H, Aubert RE, Herman WH. Global burden of  
diabetes, 1995-2025: prevalence  numerical estimates, 
and projections. Diabetes Care. 1998;21:1414-31.

2. Rutter GA, Parton LE. The beta-cell in type 2 diabe-
tes and in obesity. Front Horm Res. 2008;36:118-34.

3. Wild S, Roglic G, Green A, Sicree R, King H.  Global 
prevalence of  diabetes. Estimates for the year 2000 
and projections for 2030. Diab Care. 2004;27:1047-
53.

4. Patterson CC, Dahlquist GG, Gyürüs E, Green A, 
Soltész G; EURODIAB Study Group. Incidence 
trends for childhood type 1 diabetes in Europe du-
ring 1989-2003 and predicted new cases 2005-20: a 
multicentre prospective registration study. Lancet. 
2009;373:2027-33.

5. Soltecz G, Patterson CC, Dahlquist G on behalf   of  
EURODIAB Study Group. Worldwide childhood 
type 1 diabetes incidence-what we can learn from epi-
demiology? Pediatr Diabetes. 2007;8:6-14.  

6. Samardzic M, Marinkovic J, Kocev N, Curovic N, 
Terzic N. Increasing incidence of  childhood   type 1 
diabetes in Montenegro from 1997 to 2006. Pediatr 
Diabetes. 2010:11:412-7.

7. Institute of  Public Health of  Serbia "Dr Milan Jova-
novic Batut". Incidence and mortality of  diabetes in 
Serbia. Serbian Diabetes Registry 2007. Report No 2.

8. Stipančić G, La Grasta Sabolic L, Malenica M, Ra-
dica A, Skrabić V, Tiljak MK. Incidence and trends 
of  childhood Type1 diabetes in Croatia from 1995 to 
2003. Diabetes Res Clin Pract. 2008;80:122-7.

9. Tahirović H, Toromanović A. Incidence of  type 1 
diabetes mellitus in children in Tuzla Canton between 
1995 and 2004. Eur J Pediatr. 2007;166:491-2.

10. Green A, Patterson CC on behalf  of  the EURO-
DIAB TIGER Study Group : Trends in incidence of  
childhood-onset diabetes in Europe 1989-1998. Dia-
betologia. 2001;44(supl 3): B3-8. 

11. Sabin MA. Childhood Obesity. In Obesity and Meta-
bolism. Front  Horm Res.  2008;36: 85-96.

12. Diabetes in Children and Adolescents Work Gro-
up of  the National Diabetes Education Program. 
An update on type 2 diabetes in youth from the 
National Diabetes Education Program. Pediatrics. 
2004;114:259-63.

13. Juneja R, Palmer JP. Type 1 1/2 diabetes: myth or re-
ality? Autoimmunity. 1999;29: 65-83.

Paediatrics Today  2011;7(1):9-15



15

14. Tuomi T, Andersen M, Lundgren V. LADA: is it dis-
tinct from type 1 diabetes? Inernational Diabetes Mo-
nitor. 2010;22:128-31.

15. Reinehr T, Schober E, Wiegand S, Thon A, Holl R. 
Beta-cell autoantibodies in children with type 2 diabe-
tes mellitus: subgroup or misclassification. Arch Dis 
Child. 2006;91: 473-7. 

16. Imagawa A, Hanafusa T, Miyagawa J, Matsuzava Y. A 
novel subtype of  type 1 diabetes mellitus characteri-
zed by a rapid onset and an absence of  diabetes-rela-
ted antibodies. Osaka IDDM Study  Group. N Engl J 
Med. 2000; 342:301-7.

17. Cho YM, Kim JT, Ko KS, Koo BK, Yang SW, Park  
MH, et al. Fulminant type 1 in Korea: high prevalence 
among patients with adult-onset type 1 diabetes. Dia-
betologia. 2007;50:2276-79.

18. Onengut-Gumuscu S, Concannon P. The genetics of  
type 1 diabetes: lessons learned and future challenges. 
J Autoimmun. 2005;25(Suppl):34-9.  

19. Pugliese A. Pathogenesis of   type 1 diabetes: genetics. 
International Diabetes Monitor. 2010; 22:101-11.

20. Aarnisalo J, Veijola R, Vainionpaa R, Simell O, Knip 
M, Ilonen J. Cytomegalovirus infection in early in-
fancy: risk of  induction and progression of  auto-
immunity associated with type 1 diabetes (Short 
Communication ). Diabetologia. 2008;51:769-72.

21. Kilkkinen A, Virtanen SM, Klaukka T, Kenward MG, 
Salkinoja-Salonen M, Gissler M, Kaila M, Reunanen 
A. Use of  antimicrobials and risk of  type 1 diabetes 
in a population-based mother-child cohort. Diabeto-
logia. 2006;49:66-70.

22. Cardwell CR, Stene LC, Joner G, Cinek O, Svensson 
J, Goldarce MJ et al. Caesarean section is associated 
with an increased risk of  childhood- onset type 1 dia-
betes mellitus: a meta analysis of  observational studi-
es. Diabetologia. 2008;51:726-35.

23. Elding Larsson H, Hansson G, Carlsson A, Cederwall 
E, Jonsson B, Jonsson B et al. Children develooping 
type 1 diabetes before 6 years of  age have increased 
linear growth independent of  HLA genotypes. Dia-
betologia. 2008;51:1623-31.

24. Rewers M. Pathogenesis of  type 1 diabetes: envi-
ronmental factors. International Diabetes Monitor. 
2010;22:112-20.

25. Meier JJ. Beta cell mass in diabetes: a realistic therape-
utic target ? Diabetologia. 2008;51;703-13.

26. Tsai EB, Sherry NA, Palmer JP, Herold KC for the DPT-
1 Study Group. The rise and fall of  insulin secretion in 
type 1 diabetes mellitus. Diabetologia. 2006;49:261-70.

27. Dahlquist G. Can we slow the rising incidence of  
childhood-onset autoimmune diabetes?  The over-
load hypothesis. Diabetologia 2006;49:20-4.

28. Wilkin TJ. The accelerator hypothesis: weight gain as 
a missing link between type I and type II diabetes. 
Diabetologia. 2001;44:914-22.

29. Wilkin TJ. Changing perspectives in diabetes: their im-
pact on its classification. Diabetologia. 2007; 50:1587-92.

30. Wilkin TJ. The great weight gain experiment, acce-
lerators and their implications for autoantibodies  in 
diabetes. Arh Dis Child. 2006;91:456-8.

31. Gale EAM. To boldly go-or to go too boldly ? 
The accelerator hypothesis revisited. Diabetologia. 
2007;50:1571-75.

32. Goodarzi MO, Bryer-Ash M. Metformin revisited: 
re-evaluation of  its properties and role in the phar-
macopoeia of  modern  antidiabetic agents. Diabetes, 
Obesity and Metabolism. 2006;7:654-65.

33. Saranac L, Zivanovic S, Kostic G, Bjelakovic B, No-
vak M. Combined treatment in childhood diabetes 
could influence remission period. Abstr European 
Congress of  Endocrinology 2009, Istanbul. Endocri-
ne Abstracts. 2009;20: 382.

34. Saranac L, Bjelakovic B, Zivanovic S, Novak M. In-
tervention with metformin in childhood diabetes may 
slow decline of  C peptide - the accelerator hypothesis. 
Abstr 46th Ann Meet EASD, Stocholm, 2010. Diabe-
tologia. 2010;53 (Suppl 1): S 372.

35. Skyler JS. Approaches to interdicting type 1 diabetes. 
International Diabetes Monitor. 2010;22:132-7.

36. Gale EA, Bingley PJ. Group. Progression to type 1 
diabetes in islet cell antibody positive relatives in the 
European Nicotinamide Diabetes Intervention Trial: 
the role of  addtional immune, genetic and metabolic 
markers. Diabetologia.  2006;49:881-90.

37. Hoorens A, Pipeleers D. Nicotinamide protects hu-
man beta cells against chemically-induced necrosis, 
but not against cytokine-induced apoptosis.  Diabe-
tologia.  1999;42:55-9.

38. Carel JC, Boitard C, Eisenbarth G, Bach JF, Bougne-
res PF. Cyclosporine delays but does not  prevent cli-
nical onset in glucose intolerant pre-type 1 diabetic 
children. J Autoimm. 1996;9:739-45.

Lj. Šaranac and M. Samardžić  Diabetes in childhood


