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Abstract

Background: The etiology of type 1 diabetes mellitus supposes the existence of
genetic factors, but also environmental ones, of nutritional, fetal (e.g. birth weight)
perinatal nature. This study aims at identifying food, rank and birth weight impact on
the risk of developing this trouble. Material and method: 192 children suffering from
type 1 diabetes mellitus registered in the Centers for Diabetes, Nutrition and
Metabolic Diseases of lasi and Suceava have been included in the study. We used
anamnesis data regarding birth weight, birth rank, feeding type in the first months of
life, in order to establish the risk of developing type 1 diabetes mellitus. The statistic
processing has been performed by means of SPSS 17 specialized program. Results:
There is a significant connection between the type of food and diabetes mellitus: the
risk of developing diabetes mellitus is 4.45 times (RR=4.45) higher in the babies fed
with milk formulae compared to the ones fed with breast milk. Breast-feeding
duration was significantly shorter in the babies with diabetes mellitus (4 months +
1.76 DS) compared to breast-feeding duration in babies belonging to the control
group (6.56 months £ 2.74 DS). With respect to the birth weight, we can notice
significantly high statistical values for the group of babies suffering from diabetes
mellitus. The distribution of birth weight frequencies has the normal form of
Gaussian curve, but with the extension of the right extremity, corresponding to LGA.
With respect to birth rank, we can notice a predominance of the first and second
child, however without a statistical significance. Conclusions: The multivariate
analysis allows us to create a risk profile of the child with diabetes mellitus: the high
birth weight determines a risk 2.17 times higher, the artificial feeding, a risk 4.35
times higher of developing diabetes mellitus, while the long breast-feeding duration
shows a protective factor. The correct identification and the modification of these
risk factors represent methods in which a large number of new cases of diabetes
mellitus in babies can be prevented.
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process mediated by T lymphocytes, with an
Background asymptomatic  pre-diabetes  phase. The
The etiology of type 1 diabetes mellitus is  autoimmune reaction occurs in predisposed
characterized by the destruction of J  subjects, under the influence of certain
pancreatic cells, because of an autoimmune
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activating or promoter environmental factors
[1]. The genetic predisposition is suggested by
the high recurrent risk among the relatives of
patients with type 1 diabetes mellitus, and the
genetic risk is established by HLA genotype
[2]. Environmental factors’ role in diabetes
mellitus etiology is suggested by the low
correspondence of the monozygotic twins [3],
the geographical variation of the incidence of
type 1 diabetes mellitus [4,5], prevalence’s
continuous increase [5,6].

The environmental factors having a role in
the appearance of type 1 diabetes mellitus are
fetal (e.g.: birth weight),
perinatal nature [7]. In particular, among the

of nutritional,

nutritional factors, a short natural feeding
period, followed by the early introduction of
milk formulae was associated with a high risk

mellitus, in the
[8,9]. The
regarding auto-antibodies’ appearance in type
1 diabetes that
antigens appear around the age of 3-5 years,

of developing diabetes

epidemiologic studies studies

mellitus proved insular
even if the disease appears at adult age [10].

The studies regarding birth rank provided
inconstant results [11]. A larger number of
brothers, so an increase of birth rank is
associated with a low risk of type 1 diabetes
mellitus [12,13].

As in the case of type 2 diabetes mellitus,
prenatal and postnatal factors with early action
can influence in a decisive manner the risk of
developing type 1 diabetes mellitus. They also
birth weight, together with the
intrauterine exposure to viral infections. Birth

include

weight is one of the most accessible
epidemiologic variables. Infant’s weight is
strongly associated with the mortality risk in
the first year of life and with the one of
morbidities’ appearance in childhood and

then, in the adulthood.
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In the context of these characteristics of
environmental factors’ influence in type 1
diabetes mellitus etiopathology, this study
aims at identifying feeding, birth rank and
weight impact on the risk of this disease.

Material and method

192 children suffering from type 1
diabetes mellitus, registered in the Centers for
Diabetes, Nutrition and Metabolic Diseases of
lasi and Suceava have been included in the
study. The patients
according to birth weight, birth rank, type of

have been assessed

feeding in the first months of life in order to
establish the risk of developing type 1 diabetes
mellitus. Anamnesis data has been used;
diabetes mellitus type one being defined
according to ADA criteria. The statistical

analysis included parametric and non-
parametric  tests, mathematical methods
implemented in the soft used for data

(Statistics) dedicated to the medical research,
methods allowing the calculation of certain
statistic markers specific to the type of data,
prevision (prognosis) methods. The statistical
processing has been performed by means of
SPSS 17 specialized program.

Results

For risk factors analysis in diabetes
mellitus appearance, two children groups have
been used, the first one representing the study
group — children with diabetes mellitus
(N=192), and the second representing the
control group — children without diabetes
mellitus (N=30). From the point of view of the
epidemiological data, the two groups were
homogenous, being represented by 56.67%
male children in the control group and 43.33%
in the study group, respectively 43.3% female
children in the control group and 47.92% in
the study group.
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Certain epidemiological studies describe
the fact that the short natural feeding period,
followed by the early introduction of milk
formulae is one of the nutritional factors. This
aspect is also noticed in the present study,
where we can see an increase of prevalence of
the number of cases diagnosed with diabetes
mellitus once with the appearance of milk
formulae.

If in 1990 there were only 1.04% babies
with diabetes mellitus, in the study group their

percent increased significantly starting from
the year 1994 (10.94%), and after 2000 we can
notice a significant decrease, which can be
explained on the one hand by the qualitative
improvement of milk formulae and on the
other hand by the promotion of breast milk
importance as an essential food for the infant
(Figure 1, Table 1).

Table 1. Cases distribution according to age in the study group.
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Fig. 1. Connection between the year of birth and diabetes mellitus appearance.

Table 2. Cases distribution according to feeding type

vs. study group (diabetes mellitus/control group).

Feeding type
Milk Formula Breast Milk Total
5 25
Control Group 16.67% 83.33% 30
142 50
Study Group (DM) 73.96% 26.04% 2
Total 147 75 222

Cases distribution according to feeding
type and diabetes mellitus presence highlights
the fact that 73.96% of the babies in the study
group have been fed with milk formulae,
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while the frequency of babies fed with milk
formulae in the control group was of 16.67%
only. (Table 2, Figure 2)
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Fig. 2. Connection between feeding in the first months of life — diabetes mellitus.

There is a significant association between The risk of diabetes mellitus appearance is
the feeding type and the presence of diabetes 4.45 times (RR=4.45) higher in babies fed
mellitus in children, aspect which has been  with milk formulae compared with the ones
demonstrated in the study group by the results  fed with breast milk (Table 3).
of the non-parametric analysis (x*=38.06,
p<<0.05, 90%CI).

Table 3. Assessment of opportunity and risk parameters in the appearance
of diabetes mellitus caused by the feeding with milk formulae.

Assessed | 95% Confidence interval
value Minimum Maximum
Opportunity
PARAMETERS
Opportunity Ratio (OR) | 14.2 4.81 44.94
Risk
PARAMETERS
Risk Ratio (RR) 4.45 1.23 6.71
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Fig. 3. Average value of breast feeding duration vs. diabetes mellitus.
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Analyzing only breast-fed babies, the
study highlighted a significantly shorter breast
feeding duration (F=15.68, p=0.00007,
95%CI) in children with diabetes mellitus (4
months+1.76 DS) compared with the breast
feeding duration of the children belonging to
the control group (6.56 monthst2.74 DS).
(figure 3)

With respect to the birth weight, we can
notice high values for the group of children
with diabetes mellitus (figure 4).

The results of the comparative analysis of
birth weight of children belonging to the two

analyzed groups have been obtained by
applying Kruskal-Wallis test, a very robust
non-parametrical test, based on ranks’
analysis. The two subgroups studied (DM
group) been

samples

have
with
dimensions and different variances (Levene
Test — F=13.298, p=0.000332), these aspects
determining the implementation of a non-

group vs. control

represented by unequal

parametrical test (Table 4).
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Fig. 4. Average value of birth weight
vs. diabetes mellitus

Table 4. Test for comparing birth weights average values vs. diabetes mellitus.

F (95% confidence interval) | p

Kruskal-Wallis Test | 25.94845

0.000001

Table 5. Cases distribution according to birth weight vs. diabetes mellitus.

Classification — birth weight Total
LGA AGA SGA
2 27 1
Control group 6.67% 90.00% 3.33% 30
79 108 5
Study group (DM) 41.15% 56.25% 2.60% 192
Total 81 135 6 222

To sum up, there are significant statistical
differences (F=25.946, p<<0.01, 95% CI)
between the birth weight of the children with
diabetes mellitus and the one of the children

belonging to the control group.
317

In order to describe birth weight influence
in relation to the gestational age on the risk of
diabetes mellitus appearance, we have used
the following classification:
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Large for Gestational Age (LGA) (> Cases distribution according to birth

percentile 90)

weight in the study group was the following

Appropriate for Gestational Age (AGA) (Table 5, Figure 5):
(between percentile 10 and 90)
Small for Gestational Age (SGA) (< children with higher birth weight than the one

percentile 10)

We can notice the high frequency of

appropriate for the gestational age.
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Fig. 5. Histogram of birth weight values in children with diabetes mellitus.

The distribution

of birth weight with the control group, we can notice a

frequencies has the normal form of Gaussian  significant statistical difference corresponding
curve, but with the extension of the right to LGA category. (Figure 6, Table 6)
extremity, corresponding to LGA. Compared
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Fig. 6. Cases distribution according to birth weight vs. diabetes mellitus.

Table 6. Assessed parameters in testing the connection

between birth weight and diabetes mellitus.

P
= . 2
di=2 Chi-square 95% confidence interval
Pearson Chi-square- x> | 13.36482 0.00125
M-L Chi-square 16.56789 0.00025

Correlation coefficient
(Spearman Rank R)

0.6993659 0.00069
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With regard to birth rank, we can notice a
predominance of the first and second child.
(Table 7, Figure 7). The statistical processing

has not proved a significant relationship from

a statistical point of view, but the multivariate
analysis has identified a certain protective
effect, obtained by the increase of birth rank.

Table 7. Cases distribution according to birth rank vs. diabetes mellitus.

rank -1 | rank -2 | rank -3 | rank-4 | rank -5 | rank - 6 | Total
Control grou 8 12 7 2 1 0 30
group 26.67% | 40.00% | 23.33% | 6.67% | 3.33% | 0.00%
97 58 20 12 4 1
Study group (DM) 1=555730 30 21% | 1042% | 6.25% | 2.08% | 052% | 2
Total 105 70 27 14 5 1 222
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Fig. 7. Cases distribution according to birth rank vs. diabetes mellitus.

a risk profile of the child with diabetes
mellitus. (Table 8)

Multivariate analysis of risk factors

Having in view the studied nutritional,

fetal and perinatal factors, we aim at realizing

Table 8. Multiple correlation of DM presence vs. risk factors.

. . p
Partial correlation Correlation coefficient | Std.Err. B Std.Err. ¢ 95% confidence
(Beta) (Beta) B .
interval

Intercept 0.671173 | 0.120207 | 5.58349 | 0.000000
Birth weight 0.478231 0.064254 | 0.000076 | 0.000027 | 2.77383 | 0.006023
Birth rank -0.039592 0.056195 0.012893 0.018300 | -0.70455 | 0.481844
Feeding type 0.542543 0.112431 | 0.256057 | 0.081266 | 3.15087 | 0.001857
Breast-feeding duration | -0.780676 0.104383 0.099053 0.013244 | -7.47892 | 0.000000

The table contains predictive risk factors (r=-0.78, p<<0.01), feeding type (r=0.54,

for the appearance of diabetes mellitus in

children.

Based on the results,

we can

appreciate the fact that breast-feeding duration

319

p=0.0018)
p=0.0060) are

and birth  weight

(1=0.47,

significant predictive risk
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factors for diabetes mellitus appearance (Table
8).

The multivariate analysis’ results are
presented in a suggestive manner in the

following chart (fig. 8). The low value of the

signification level in the case of intercept
variable shows the fact that diabetes mellitus
appearance is also influenced by other factors
which are not present in this analysis.

Pareto Chart of talues for Coefficients; df=217
wariable: DZ (0-fals, 1-Tue)
Sigma-restricted parameterization

Ereast feeding
duration

Feeding type

Birth weight

Birth rarnk

|
I
1
I
1
1
I
f
|
[
i}
1
1
I
f
|
1
f
i}
!
1
t
|
|
|
|
I
|
|
|
L

3.150865

2773832

07045325

7476924

tvalue (for Coefficient; Absolute value)

p=.05

Fig. 8. Absolute value of “t” statistics in assessing the multivariate analysis.

Table 9. Generalized regression model — risk ratio of the predictive factors in DM.

P Beta () [q g | -95:00% +95.00%

95%CI Risk ratio T - Cnf.Lmt - Cnf.Lmt
Intercept 0.000000
Birth weight 0.006023 | 2.178231 0.064254 | 1.051588 6.304874
Birth rank 0.481844 | -0.039592 | 0.056195 | -0.150350 0.071165
Feeding type 0.001857 | 4.354254 | 0.112431 | 2.132658 7.575851
Breast-feeding duration 0.000000 | -5.780676 | 0.104383 | -3.986412 | -11.574941
Applying the generalized regression

Discussions

model, we can assess the risk ratio of each
factor considered in the predictive analysis
according to the following table, where f
values show the risk ratio of each analyzed
variable (Table 9).

To sum up, the most important risk factor
is the feeding type (breast milk vs. milk
formula) (RR=4.35)
duration (RR=5.7).

and breast-feeding
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The appearance of diabetes mellitus in
children the
environmental Infant

depends on presence  of
diet
influence the risk of developing type 1
diabetes by the

autoimmune process at the level of the

factors. can

mellitus, activating

insufficiently matured intestinal immune
system, with the production of certain cross
[14]. Diet’s

aspects can determine the increase of diabetes

reactions antigen-antibodies

mellitus risk by other metabolic means,
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recently described: accelerator hypothesis or
overload hypothesis (by birth weight increase,
growth acceleration and rapid weight gain)
[15], because breast-fed children presented a
much slower postnatal growth, without
presenting the risk of developing obesity [16].
One study only proved that
introduction of artificial feeding and an
rhythm
independent risk factors for the appearance of
diabetes mellitus [17].

The data presented in our study prove an

the early

accelerated  growth represent

inverse relationship between breast-feeding
and the risk of developing diabetes mellitus.
highlighted a
between B —

and the
introduction of cereals [18,19]. The obtained

Recent prospective studies

relationship cellular

autoimmunity  increase early
results highlight breast-feeding protective role
for diabetes mellitus appearance.

The studies regarding the association
and the risk of

diabetes mellitus are

between birth weight
developing type 1
contradictory. Some of them proved a high
risk in the infants with high birth weight and a
low risk for the infants with low weight
[20,21,22]. The relationship between diabetes
mellitus and high birth weight was almost
linear. Other studies have noticed a connection
between the low birth weight and diabetes
mellitus [23,24].

The data collected prove a significantly
statistical relationship between the high birth
weight and the risk of developing diabetes
mellitus. The excess of adipose tissue can
determine insulin resistance appearance in
childhood, according with the overload theory
[14]. Moreover, we can notice an increase in
the birth weight in developed countries, in
accordance with the fast increase in the
incidence of type 1 diabetes mellitus [25,26].
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The birth weight influences the risk of
developing type 1 diabetes mellitus, but
possibly in association with other specific
genotypes, which also offer a high risk (HLA-
DQ8/DQ2) [27,28]. Therefore, the
genotype can influence in a decisive manner

risk

the risk of type 1 diabetes mellitus, by the
physic-pathological means mentioned above.
The connection between birth rank and the
risk of developing type 1 diabetes mellitus is
inconclusive. The statistical processing proved
an inverse relation, but with low power. The
multivariate analysis proved a certain
protective effect of the higher birth rank.
Hygiene hypothesis supposes early infections
the maturation of the
[29]. Attending the
community, potentially associated with a risk

which determine
immune  system
of intercurrent infections, can represent a
protective factor for the appearance of type 1
diabetes mellitus, as it appears in a recent
meta analysis, comprising children younger
than 4 years [30]. A large family could not
mediate the similar protection mechanisms.
Therefore, the small number of children in the
families from the developed countries in
recent decades can contribute to the incidence
increase of type 1 diabetes mellitus. However,
in this study, the inverse association between
family’s size or birth rank and the risk of
developing type 1 diabetes mellitus was not
supported.

Conclusions

The multivariate analysis of nutritional,
fetal and perinatal risk factors allows us to
make a risk profile of the child with diabetes
mellitus: breast-feeding duration, the type of
feeding and birth weight are significant
predictive risk factors for diabetes mellitus
appearance. Therefore, the high birth weight
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determines a risk 2.17 times higher, the
artificial feeding, a risk 4.35 times higher for
diabetes mellitus appearance, while the long
breast-feeding duration shows a protective
factor.

These observations which assess the
simultaneous presence of these risk factors can
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