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Abstract
AIM: To investigate the role of protein tyrosin phos-
phatase 22 (PTPN22), maternal age at conception and 
sex on susceptibility and age at onset of type 1 diabetes 
(T1D) in Continental Italy and Sardinian populations.

METHODS: Three hundred seventy six subjects ad-
mitted consecutively to the hospital for T1D and 1032 
healthy subjects as controls were studied in Continen-
tal Italy and 284 subjects admitted consecutively to 
the hospital for T1D and 5460 healthy newborns were 
studied in Sardinia. PTPN22 genotype was determined 
by DNA analysis. Maternal age at conception and age 

at onset of disease were obtained from clinical re-
cords. χ 2 test of independence, student t  test for dif-
ferences between means and odds ratio analysis were 
carried out by SPSS programs. Three way contingency 
table analysis was carried out according to Sokal and 
Rohlf.

RESULTS: The pattern of association between PTPN22 
and T1D is similar in Continental Italy and Sardinia: 
the proportion of *T allele carriers is 13.6% in T1D vs  
6.7% in controls in Continental Italy while in Sardinia 
is 7.3% in T1D vs  4.4% in controls. The association 
between T1D and maternal age at conception is much 
stronger in Sardinia than in Italy: the proportion of 
newborn from mother aging more than 32 years is 
89.3% in T1D vs  32.7% in consecutive newborn in 
Sardinia (P  < 10-6) while in Continental Italy is 32.2% 
in T1D vs  19.1% in consecutive newborns (P  = 0.005). 
This points to an important role of ethnicity. A slight 
prevalence of T1D males on T1D females is observed 
both in Continental Italy and Sardinia. PTPN22 geno-
type does not exert significant effect on the age at 
onset neither in Continental Italy nor and Sardinia. Ma-
ternal age does not influence significantly age at onset 
in Italy (8.2 years in T1D infants from mothers aging 
32 years or less vs  7.89 years in T1D infants from 
mothers aging more than 32 years: P  = 0.824) while 
in Sardinia a border line effect is observed (5.75 years 
in T1D infants from mothers aging 32 years or less vs  
7.54 years in T1D infants from mothers aging more 
than 32 years: P  = 0.062). No effect of sex on age at 
onset is observed in Continental Italy while in Sardinia 
female show a lower age at onset of T1D as compared 
to males (8.07 years in males vs  6.3 years in females: 
P  = 0.002).

CONCLUSION: The present data confirm the impor-
tance of ethnicity on susceptibility and on the age at 
onset of T1D. 
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Core tip: It is known that the incidence of type 1 dia-
betes (T1D) is greater in Sardinian than in Italian 
population. Among the factors considered in this review 
maternal age only has shown a significant difference 
between the two populations. Although in both Sardinia 
and Continental Italy the proportion of mothers aging 
more than 32 years is higher in children with T1D than 
in consecutive newborns from the same population, the 
risk of having a child with T1D in younger women is 
much greater in Sardinia than in Continental Italy (OR 
= 17.191 vs  2.018).
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INTRODUCTION
Type 1 diabetes (T1D) is an autoimmune disorder with 
severe implications for the health of  the patients. In 
western population the prevalence of  T1D is increasing 
suggesting a role of  current changes of  cultural and envi-
ronmental factors[1,2].

The incidence of  the disease varies among popula-
tions, highest in Finland and Sardinia and lowest in Ven-
ezuela and China. This points to an important effect of  
genetic and environmental factors[3-7]. Positivity for islet 
antibodies precedes the onset of  disease for years and 
it has been observed that the rate of  positivity varies by 
ethnicity and age[1].

Among genetic factors HLA is the most important 
predictor, followed by protein tyrosin phosphatase 22 
(PTPN22) and by insulin gene. Other genes are involved 
in susceptibility to T1D and it is likely that genes at pres-
ent involved in autoimmunity, have been selected positive-
ly in the past being adaptive in particular environments[1].

A role of  non genetic factors is suggested by the low 
concordance rate of  T1D among monozygotic twins 
and by the increasing incidence of  the disease in younger 
children and in those with lower risk HLA genotype, 
pointing to an important role of  environment including 
dietary, viral and bacterial factors. Epigenetic regulation is 
emerging as an important factor also[1,8,9].

The role of  maternal age at conception is well estab-
lished[10-13]: the incidence of  T1D increases with maternal 
age at conception. It is well known the present tendency in 
Western populations to conceive in older age as compared 

to the past: this is an important non genetic cultural factor.
Compared to Continental Italy the population of  Sar-

dinia shows a higher incidence of  T1D[14]. This prompted 
us to review our data from Continental Italy and Sardinia 
concerning the factors that increase the risk of  T1D.

In this paper we have studied the role of  PTPN22, 
sex and maternal age on susceptibility to T1D and on age 
of  onset of  the disease in the population of  Continen-
tal Italy and in the population of  Sardinia. The survey 
includes data previous published[13,15,16] and unpublished 
observations from our data base.

PTPN22 codifies for Lyp, a protein tyrosine phospha-
tase involved in the regulation of  T cell receptor signal-
ing. The gene shows a single nucleotide polymorphism 
C/T at + 1858 resulting in W620 variant that is associ-
ated with autoimmune diseases. The variant is a gain of  
function of  the enzyme that more strong1y inhibit T-cell 
receptor-mediated signals, and it has been suggested that 
the increased susceptibility to autoimmune disorders is 
due to failure to delete autoreactive T cells during intra-
thymic selection[17]. The association of  PTPN22 poly-
morphism with T1D reported by Bottini et al[15] in 2004 
have been confirmed in many populations[18-20]. 

T1D shows a slight prevalence of  males over females 
whereas the opposite is observed for other autoimmune 
disorders[21].

MATERIALS AND METHODS
We have reviewed data on 376 subjects with T1D and 
1032 controls in Continental Italy and on 291 subjects 
with T1D and 5460 controls in Sardinia. PTPN22, ma-
ternal age at conception and age at onset of  disease were 
not determined in all subjects thus the number of  sub-
jects is not the same in all tables.

PTPN22 genotype was determined by DNA analysis 
as previously described[15]. χ 2 square test of  indepen-
dence, Student t test for differences between means and 
Odds ratio analysis were carried out by SPSS programs[22]. 
Three way contingency table analysis was carried out 
according to Sokal et al[23]. By this analysis is possible to 
study the effect of  the categories of  a third variable on 
the association between two variables: a statistically sig-
nificant interaction suggests that the third variable influ-
ences the association between the other two. 

The number of  subjects in the tables are different due 
to the fact that PTPN22 have not studied in all subjects 
and the role of  maternal age on the incidence of  T1D 
have been evaluated in different samples.

RESULTS
Table 1 shows the distribution of  PTPN22 genotypes in 
T1D and controls in Continental Italy and in Sardinia. 
The proportion of  *T allele carriers is slightly higher in 
Italy than in Sardinia; the positive association between 
T1D and this genotype is slightly stronger in Continental 
Italy (OR = 2.19) than in Sardinia (OR = 1.70).
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Table 2 shows the effect of  maternal age at birth on 
susceptibility to T1D. In both Sardinia and Continental It-
aly the proportion of  mothers aging more than 32 years is 
higher in children with T1D than in consecutive newborns 
from the same population. The association, however, is 
much stronger in Sardinia than in Continental Italy (OR 
= 17.191 vs 2.018). A three way contingency table analysis 
indicates that the relationship between maternal age and 
susceptibility to T1D is dependent on the population.

There is a not statistically significant prevalence of  
males both in Italy and in Sardinia (data not shown).

Table 3 shows the effect of  PTPN22 on the age of  
onset of  the disease. No effect is observed in Sardinia. In 
Continental Italy the mean age at onset is greater in *T 
carriers than in *C/*C genotype but the difference is not 
statistically significant.

The effect of  maternal age on the age at onset of  
disease is shown in Table 4. No significant effect is ob-
served in Continental Italy while in Sardinia a border line 
significant effect is observed with a lower age at onset in 
the mother aging 32 years or less.

The effect of  sex on the age at onset of  T1D is re-
ported in Table 5. No effect is observed in Continental 
Italy while in Sardinia females show a lower age at onset 
of  disease.

DISCUSSION
The most important result emerging from our analysis re-
gards the role of  maternal age at conception on suscepti-
bility to T1D and on the age of  onset of  the disease. The 
effect of  maternal age at conception on susceptibility and 
on age of  onset of  disease is more marked in Sardinian 
than in Italian population.

The effect of  maternal age at conception on the 
susceptibility to T1D has been observed in many popula-
tions[10-12] including Sardinia[13]. In Sardinia this effect is 
stronger compared to other populations and this may be 
connected with the high risk of  T1D observed in Sardin-
ian population[14,24,25]. Moreover in Sardinia a clear correla-
tion between maternal age at delivery and age at onset of  
diabetes has been also observed[13]. Changes of  hormonal 
pattern due to maternal aging may be involved in modifi-
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Table 1  Distribution of protein tyrosin phosphatase 22 
genotypes in type 1 diabetes and controls in Continental Italy 
and in Sardinia

% Proportion of *T allele carriers Total n

T1D
   Continental Italy 13.60%   376
   Controls    6.70% 1032
T1D  
   Sardinia   7.30%   248
   Controls   4.40%   205

T1D: Type 1 diabetes.

Three way contingency table analysis by a log linear model: x = T1D vs 
controls; y = maternal age (≤ 32 yr vs > 32 yr); z = Continental Italy vs 
Sardinia. x, y and z interaction: G = 45.703;  df = 1; P < 0.0001. T1D: Type 1 
diabetes.

Table 2  Maternal age at conception in consecutive newborns 
and in children with type 1 diabetes in Continental Italy and 
in Sardinia

Sardinia Continental Italy
Consecutive Children Consecutive Children 
newborns with T1D newborns with T1D

% proportion 
with maternal 
age > 32 yr

32.70% 89.30% 19.10% 32.20%

Total n 5460 187 792 90
χ 2 test of 
independence
χ 2 253.705 7.821
df          1         1
P < 10-6 0.005
OR analysis
OR 17.191 2.018
95%CI 10.569-24.396 1.234-3.331

Table 3  Effect of protein tyrosin phosphatase 22 genotype 
on age at onset of type 1 diabetes

Continental Italy Sardinia
Age at onset (yr)

mean ± SE mean ± SE
PTPN22 genotype
   *C/*C 8.56 ± 0.28 7.44 ± 0.32
   *T carriers 9.85 ± 1.03 7.43 ± 1.33  
Student t test for differences between means

P = 0.100 P = 0.540

PTPN22: Protein tyrosin phosphatase 22.

Table 4  Maternal age (year) at conception and age at onset 
of diabetes

Age at onset of t  test for differences 
diabetes (yr) between means

mean SE total n
Sardinia Maternal

 age ≤ 32
5.75 0.89   20

Maternal
age > 32

7.54 0.31 169 P = 0.062

Continental Italy Maternal 
age ≤ 32

8.02 0.51   61

Maternal 
age > 32

7.89 0.81   28 P = 0.894

Age at onset; Sardinia vs Continental Italy. t test for differences between 
means. Maternal age > 32, P = 0.720; Maternal age ≤ 32, P = 0.028.

Table 5  Effect of sex on the age at onset of type 1 diabetes

Continental Italy Sardinia
Age at onset (yr)

mean ± SE mean ± SE
Sex
   Males 8.50 ± 0.39 8.07 ± 0.40
   Females 8.93 ± 0.39 6.30 ± 0.40  
Student t test for differences between means

P = 0.433 P = 0.002
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T cell receptor signaling. The PTPN22 polymorphism (chromosome 1) has two 
alleles, *C1858 (encoding the R620 variant, here simply called *C) and *T1858 
(encoding the W620 variant, here simply called *T), and has three genotypes, 
*C/*C, *C/*T and *T/*T. The *T/*T genotype is very rare. The W620 variant is 
associated to autoimmune disorders.
Peer review
This manuscript describes the role of genetic and non-genetic factors in the 
development of Type 1 diabetes. It is well wtitten.
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