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Abstract The large worldwide variation in type 1 dia-

betes incidence and increasing incidence over time points

toward important environmental risk factors. Among them,

nutrition plays an important role. The objective was to

investigate the relationship between type 1 diabetes and

nutritional factors in pregnancy and early in life. We car-

ried out, using semi-quantitative food frequency question-

naires, a retrospective case–control study in 298 children of

0–15 years old, 145 of which were affected by type 1

diabetes. The diet of all children and of their mothers

during pregnancy and lactation was assessed. In children, a

statistically significant dose–response association between

type 1 diabetes and the amount of meat consumption was

found while no other nutritional factors were associated

with the disease. High meat consumption seems to be an

important early in life cofactor for type 1 diabetes devel-

opment, although these findings need to be confirmed in

wider prospective follow-up studies.
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Introduction

Type 1 diabetes mellitus (T1D) results from an organ-

specific, T-cell-mediated autoimmune destruction of the

pancreatic b-cells [1–4], while a- and d-cells are spared [5],

as a consequence of genetic [6–8] and environmental

[9, 10] factors.

The worldwide variation in the incidence (per 100,000

per year) of T1D children under 15 years of age is very

large: the overall age-adjusted incidence rates in the 90s

varied from 0.1 per 100,000 in Zunyi (China) and Caracas

(Venezuela) to 36.8 per 100,000 in Sardinia (Italy) and

36.5 per 100,000 in Finland, representing a more than

350-fold variation among 100 populations worldwide

[11, 12].

Environmental factors act on the genetic proneness as

inducers or triggers [13, 14], so contributing to the fre-

quency of T1D [15, 16]. The polygenic nature of T1D

susceptibility [17, 18] and its interaction with environ-

mental factors has been deeply studied [9, 19–23], while

the role of childhood vaccinations is still a controversial

matter [24]. Each of these factors (viral infections, toxins,

nutrition) may not be sufficient to produce diabetes when

present alone, but sometimes needs a sequential insult to
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b-cells, such as viral infections plus nutrition [25]. Epide-

miological studies in about 40 countries in the world have

shown that nutrition may influence T1D risk both trans-

versally (differences among countries) [22] and longitudi-

nally (increasing incidence in the same country) [26].

Nutritional factors may affect the risk of T1D both

during pregnancy and early in life. Association between

maternal nutrition and increased risk of T1D in the off-

spring has been suggested for maternal nitrite intake [27],

while vitamin D supplementation during pregnancy might

have a protective effect [28]. Use of cod-liver oil or other

vitamin D supplements was not associated with T1D in

children of Norwegian pregnant women [29]. However, no

associations between maternal intake of antioxidant vita-

mins or minerals (retinol, b-carotene, vitamin C, vitamin E,

selenium, zinc, manganese) during pregnancy and the

development of advanced beta-cell autoimmunity in the

offspring among the DIPP study subjects were found [30].

Although numerous studies have been performed to

investigate the role of childhood diet in T1D, the results

have been contradictory. Breastfeeding, nicotinamide

(vitamin B3), zinc and vitamins C, D and E have been

reported as possibly protecting against T1D, whereas

N-nitroso compounds, early exposure to cows’ milk and

wheat, increased weight gain, and obesity may increase the

risk [31]. High serum concentrations of vitamin E did not

protect against advanced beta-cell autoimmunity in the

DIPP study children [30], while consumption of cod-liver

oil [29] and intake of total omega-3 fatty acids [32] have

been associated with a reduced risk of islet cell autoim-

munity. Moreover, it has been suggested that dietary pro-

tein sources other than milk (wheat, soy) may also affect

the pathogenesis of T1D in susceptible individuals [33].

Finally, the reduction in an early exposure to complex

dietary proteins may reduce the risk of beta-cell autoim-

munity and type 1 diabetes in children with genetic sus-

ceptibility [34].

The main objective of the present study was to inves-

tigate possible relationships between nutrition during

pregnancy, infancy and in childhood and T1D risk in the

Sardinian population.

Methods

Subjects

A case–control study was carried out during years

2010–2011. The entire sample was collected from the

Paediatric Department, Brotzu Hospital, Cagliari, Italy and

consisted of 298 Sardinian children of 0–15 years old, of

which 145 were new T1D diagnosis following the Amer-

ican Diabetes Association guidelines [35], while 153 were

used as controls. These latter were admitted to the hospital

mainly for respiratory viral infections, while celiac disease

or other conditions capable of interfering with child’s diet

were excluded. Mothers of all children were also enrolled

and gave their informed consent to the study. In 22 T1D

and 26 controls, the questionnaires concerning child’s diet

were not included in the analysis because not fully com-

pleted. Thus, for statistical analysis, we considered a

sample of 250 children of 3–15 years old, of which 123

were affected by T1D and 127 were controls. Table 1

summarizes the main clinical features of the population

analyzed.

Questionnaires

Two different semi-quantitative food frequency question-

naires (FFQ) were administered: the first one was related to

anagraphic, anthropometric data of mother’s child, patho-

logical history and diet of the mother during pregnancy and

lactation; the second one concerned diet starting from the

first month of life, including breastfeeding, weaning and

vaccinations, until the age when the questionnaire was

administered. For the purposes of this study, breastfeeding

meant a child that received exclusive breast milk from the

mother for at least 3 months. This kind of questionnaires,

previously validated in different studies [36], were derived

from the National Research Council and the ATS-Sardegna

Project [37]. A caveat of FFQ analysis consists in the fact

that it provides only a gross estimate of nutrient con-

sumption giving a synthetic picture of dietary intake in

which no information on portion size and component

nutrients can be precisely established [38]. However, it is

the only feasible option for studying very large samples in

which resource-consuming and time may limit the study.

Dietary habits were estimated from FFQ information on

different food items (Table 2). For each one, the mother had

to select one of the following five options: every day; 4–5

Table 1 Main clinical characteristics of the population analyzed

T1D Controls

Number 123 127

Mean age 9.4 7.4

Males 60 74

Females 63 53

Mean age of mothers at delivery 29.08 29.78

Pre-pregnancy BMI 22.48 22.51

Mean weight at birth (kg) 3.20 3.18

Mean duration (months) of breastfeeding 9.02 8.82

Mean age at T1D onset 6.26 –

Mean time (years) between weaning

and interview

8.63 7.24
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times a week; 1–3 times a week; 1–3 times a month; and

rarely or never. All questionnaires were administered by the

same doctor in postgraduate training and never filled in by

mothers. No information on portion size was collected.

The different food items were grouped in food catego-

ries, like cereals, meat, fruit, vegetables, seasonings, drinks

and other foods (Table 2).

Statistics

In order to investigate the relationship between food cate-

gories and T1D, a multivariate logistic regression was

performed. T1D was the dependent variable; gender,

breastfeeding, child food item consumption during and

after the first 2 years of life, consumptions of the mother

during pregnancy and lactation were the independent

variables. The second order interactions between the

independent variables were also included in the model. The

logistic regression analysis was performed through a

backward procedure based on eliminating at each step the

least significant interaction and independent variables.

The results are reported indicating the Odds Ratio, CI

95% and the p value for each variable.

A first logistic regression was calculated using SPSS

software. On the basis of the results, a second logistic

regression model was used to analyze the association

between diabetes and different levels of meat consumption

during and after the first 2 years of life: low level (frequency

of food consumption never or 1–3 times a week); middle

level (frequency of food consumption 4–5 times a week);

and high level (frequency of food consumption every day).

Results

No difference was found for newborn weight at delivery,

for duration of breastfeeding, for children’s mean age and

for the time between weaning and interview as well as for

gender, pre-pregnancy mother’s BMI and for mean age of

mothers during pregnancy and at delivery (Table 1).

No differences in completing the mandatory vaccination

schedule between the two groups were found. As far as the

food item consumption is concerned, the results of the first

logistic regression showed that only child meat consump-

tion during and after the first 2 years of life was significant.

In fact, a statistically significant association was found

between diabetes and meat consumption during and after

the first 2 years of life (Table 3), while no other different

food categories resulted to be associated with diabetes

(data not shown).

The variables such as breastfeeding (p = 0.232;

OR = 0.537; 95% CI = 0.193–1.489), meat consumption

of the mother during pregnancy and lactation (p = 0.059;

OR = 0.318; 95% CI = 0.097–1.043) and the other dif-

ferent food categories did not show a statistical signifi-

cance. It is interesting to note that a trend toward

significance (p = 0.059) was found for the category of

meat consumption during pregnancy and lactation.

A statistically significant dose–response relationship

(p \ 0.0001) between the frequency of meat consumption

more pronounced during the first 2 years of child’s life but

Table 2 List of the food items analyzed

Potatoes Vegetables

Legumes Vegetables

Greengroceries Vegetables

Greens Vegetables

Meat Meat

Homogenized meat Meat

Ham Meat

Salami Meat

Eggs Meat

Oil Lipids

Butter Lipids

Margarin Lipids

Fruit Fruit

Homogenized fruit Fruit

Juices Fruit

Orangeade Fruit

Fish Fish

Homogenized fish Fish

Shellfishes Fish

Crustaceans Fish

Whole milk Dairy products

Skim milk Dairy products

Yogurt Dairy products

Skim yogurt Dairy products

Cheese Dairy products

Ricotta Dairy products

Chocolate Chocolate

Bread Cereals

Pasta Cereals

Pizza Cereals

Rice Cereals

Corn Cereals

Polenta Cereals

Cakes Carbohydrates

Sugar Carbohydrates

Honey Carbohydrates

Coffee Beverages

Tea Beverages

Coke Beverages

Beer Alcohol

Wine Alcohol

Spirits Alcohol
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also present later and the probability of diabetes was also

shown by the second logistic regression (Table 3).

Discussion

This case–control study suggests that meat consumption is

associated with T1D in children especially during the first

2 years of life and also later in a dose–response manner

(Table 3). The dose–response relationship between meat

consumption and the risk of diabetes fosters the hypothesis

of relationship between the determinant and the disease. In

fact, in our analysis, the risk of developing the disease is

related to the degree of exposure especially in the first

2 years of life (Table 3).

It is important to note that dietary data collected retro-

spectively may be one reason for inconsistency with pre-

vious studies as well with upcoming studies. In fact, a

limitation of the study comes from the reported attenuation

of association between diet and disease using FFQ [39]

with retrospective approach [40].

Another possible caveat limiting the statistical power of

our finding may be related to the small number of T1D

patients (4 out of 123) in the low meat consumption cate-

gory resulting in very wide 95% CI. Although no statistical

difference was found for the mean time between weaning

and interview in T1D and controls, a further limitation may

derive from the food data collection since several mothers

gave birth more than 10 years before the epoch of inter-

view, challenging the acquisition of precise information

about the mother’s diet during pregnancy and the infant’s

diet during the first years of life. Also for school-aged

children, the mother may not exactly remember the food

items the children ate during school days.

Nevertheless, these findings are consistent with our

previous ecological analyses showing a significant corre-

lation between not only T1D worldwide incidence [22], but

also worldwide increasing incidence [26], and meat con-

sumption. The study of Dahlquist et al. [19] concluded that

nutrients and food additives such as protein, carbohydrate

and nitrosamine compounds may influence the risk of

developing insulin-dependent diabetes in childhood. Also,

the study of Virtanen et al. [41] pointed out that serum

biomarkers of milk and ruminant meat fat consumption are

directly associated, and linoleic acid is inversely associated

with advanced beta-cell autoimmunity in children with

HLA-conferred susceptibility to type I diabetes. Sie-

miatycki et al. [42] reported that in both univariate and

multivariate analyses, there was high risk of T1D among

children who had experienced selected stressful life events

during the 12 months preceding the onset of T1D or who

had exhibited symptoms of social or psychological dys-

function during that time.

On the other hand, previous prospective cohort studies

in other populations did not show an association between

maternal meat consumption and islet autoimmunity risk in

the child [43, 44].

Differences in the study design, in questionnaires and in

the statistical analysis may be responsible for slight dis-

crepancies among these studies including our own. For

instance, our study did not take into account stressful life

events. On the other hand, in analogy with our findings,

Dahlquist et al. and Virtanen et al. emphasize the impor-

tance of meat or proteins in T1D development.

Table 3 Meat consumption during and after the first 2 years of life in children affected by T1D and in controls

Meat consumption Low Middle High

1–3 times a month 1–3 times a week 4–5 times a week Every day

Meat consumption in the first 2 years of life

Controls 0 48 40 39

T1D 2 2 34 85

OR 26.15 (L vs. H)a 10.2 (L vs. M)b 18.07 (L vs. M + H)c

(CI) 8.80–77.6 3.33–31.19 6.2–52

p \0.0001 \0.0001 \0.0001

Meat consumption after the first 2 years of life

Controls 3 50 48 26

T1D 2 13 51 57

OR 7.74 (L vs. H)a 3.75 (L vs. M)b 5.15 (L vs. M + H)c

(CI) 3.70–16.19 1.87–7.52 2.70–9.82

p \0.0001 \0.0001 \0.0001

a Low versus high
b Low versus middle
c Low versus middle + high
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The diabetogenic mechanism of high meat consumption

and T1D is not yet known. One possibility is that some

metabolites as amino acids are involved before appearance

of autoimmunity [45, 46]. Another possibility rests on the

strong insulinogenic response to the increase in plasma

amino acids after consumption of meat, even if stripped of

fat, with or without carbohydrates [47–49]. This response

by pancreatic b-cells increases the risk of T1D because

insulin is a b-cell-specific autoantigen [50, 51].

The fact that meat consumption during and after the

first 2 years of life may be followed by T1D many years

later is consistent with the variability of the rate of b-cell

destruction that is rapid in some individuals and slow in

others [35]. So, in the latter residual, b-cell function may

be retained for many years before insulin dependence

develops [35]. Therefore, a relationship between meat

consumption and T1D contributing to worldwide variation

in the incidence of the disease may be hypothesized.

Also, the dramatic increase in T1D incidence in both low-

and high-incidence populations over the past decades can

be, at least in part, explained by the changes in meat

consumption that increased dramatically in the second

half of the past century, paralleling the increase in T1D

incidence [26]. In the same period, the WHO Regional

Office for Europe recorded a steady increase in the pro-

duction of red meat and milk [26]. In addition, several

epidemiological studies have shown that red and pro-

cessed meat intake is also associated with risk of type 2

diabetes [52, 53]. A possible link between T1D and type

2 diabetes might involve the consumption of processed

meats that contain nitrites and nitrates that can be con-

verted to nitrosamines by interaction with amino com-

pounds either in the stomach or within the food product.

Nitrosamines have been found to be toxic to pancreatic

beta cells and to increase the risk of type 1 and type 2

diabetes in animal studies and of T1D in some, but not

all, epidemiological studies [52, 53].

High red and processed meat consumption is associated

with several chronic conditions: ischemic heart disease

[54, 55], stroke [56], colon cancer [57], breast cancer [58],

type 2 diabetes [59, 60] and increases in total mortality [61].

Conclusions

This case–control study suggests that meat consumption is

associated with T1D in particular in children during the

first 2 years of life in a dose–response manner. However,

these findings need to be confirmed in future prospective

follow-up studies from pregnancy/birth and with a higher

sample-size.

Although a global strategy for the prevention of non-

communicable diseases is beyond the aims of the present

study, a possible implication of our finding could be a

reduction in meat consumption in the very early periods of

life, especially in populations with genetic proneness to

T1D such as Finns [62] and Sardinians [16, 63].
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