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Abstract

Context: Considering the increasing trend in the incidence of type 1 diabetes mellitus (T1DM), the identification of its environmen-
tal determinants, especially those related to the prenatal and lactation period, might ultimately result in primary prevention of
the disease. We aimed to review the evidence of the association between mothers’ dietary components during pregnancy and/or
lactation with T1DM.
Evidence Acquisition: An electronic and comprehensive literature search was performed until August 2019 in the international
databases, including Web of Science (ISI), PubMed, and Scopus, using the following keywords: type 1 diabetes mellitus, autoimmu-
nity, mother, maternal, diet and lactation in different combinations. Papers related to the objectives of the study were selected.
Results: Based on our review, the maternal consumption of meat, especially processed meat, was associated with increased risk of
T1DM, whereas the maternal use of vegetables, potato, low-fat margarine, and berries showed protective effects against the develop-
ment of T1DM in offspring. There was no significant association between the use of multivitamins and mineral supplements with
T1DM, according to the available data. The results of the reviewed studies regarding the association between the maternal use of
vitamin D, fatty acids, and coffee during pregnancy with T1DM were not consistent and conclusive.
Conclusions: Findings of this review indicate that the maternal consumption of some foods is associated with increased or de-
creased risk of T1DM. However, for some foods or dietary components, including coffee, vitamin D, and fatty acids, the results are
not conclusive. We conclude that although maternal diet could influence the development of insulin autoantibodies (IA) and T1DM
in offspring, there is no sufficient evidence for most nutrients, and available data are controversial, which should be dealt with in
future cohort or interventional studies.
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1. Context

Type 1 diabetes mellitus (T1DM) is an autoimmune dis-
ease resulting from a complex interaction between the
immune system and environmental factors in individuals
with genetic susceptibility (1). The incidence of T1DM has
increased worldwide in the last decades (2).

Although T1DM has a strong genetic background and
different loci are related to the disease, pieces of evidence
such as the concordance of T1DM only in 30% - 40% of iden-
tical twins support the idea that genetic susceptibility is
not the only contributor to the disease. This emphasizes
the role of lifestyle and environmental factors in the patho-
genesis of T1DM (3, 4). Based on the Eisenbarth proposed

model, autoimmunity development, and beta-cell destruc-
tion, which result in T1DM, are triggered after exposure to
some environmental factors in genetically susceptible in-
dividuals (5).

Moreover, some evidence indicates that environmen-
tal factors could explain the increasing trend of the disease
in the last decades (6, 7). The increased rate of the disease in
populations moving from low-incidence to high-incidence
regions, the increased rate of T1DM in all age groups, and
the earliest onset of the disease and greatest increasing
trend of the disease in low-incidence regions are evidences,
supporting the role of environmental factors in this con-
text (6, 7).
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According to the “early life programming”, exposure to
some environmental risk factors during pregnancy could
impose adverse effects on fetal development and causes
chronic or degenerative diseases later in life (8). The
roles of different environmental factors, including viruses,
chemicals, and nutrition, in the pathogenesis of T1DM
have been reported in several epidemiological studies (9-
11). Some documents suggest that the role of nutrition
is more prominent than the role of the other mentioned
risk factors in the pathogenesis of T1DM (12). Accordingly,
some maternal dietary nutritional elements during the
pregnancy and lactation period, such as high-energy/high-
fat diets and high content of essential fatty acids, can play
roles in the development of insulitis and T1DM (12). There is
evidence of the role of some nutrients during the prenatal
and lactation period, such as vitamins D and C, polyunsatu-
rated fatty acids, and cow’s milk protein, in the pathogen-
esis of T1DM; however, the findings of studies in this field
are controversial and non-conclusive (13).

Considering the increasing trend of T1DM, the identifi-
cation of its environmental determinants, especially those
related to the prenatal and lactation period, might ulti-
mately result in primary prevention of the disease. So far,
few environmental risk factors have been reported to play
a role in this regard. Therefore, we aimed to review the evi-
dence of the association between maternal dietary compo-
nents during pregnancy and/or lactation with T1DM in chil-
dren. The objective was to summarize available data in the
field and identify suggested high-risk nutrients or dietary
components associated with the occurrence of T1DM. Our
findings will be useful for designing further preventative
strategies.

2. Evidence Acquisition

This review was conducted to determine the associa-
tion of maternal dietary components during pregnancy
and lactation with insulin-dependent diabetes mellitus.
The Regional Ethics Committee of the Isfahan University of
Medical Sciences approved the protocol of the study.

A search of the published literature was conducted
in PubMed, Scopus, and Web of Science (ISI) until August
2019 using the following medical subject heading (MeSH)
terms: [(“type 1 diabetes mellitus” OR “autoimmunity”)
AND (“mother” OR “maternal”) AND (diet) AND (lactation)].
The searches were limited to human studies without lan-
guage and time limitations.

In the first step, the titles of all the retrieved papers
were reviewed by two researchers. The inclusion crite-
ria were human studies with the cohort, cross-sectional,
and case-control designs, in which maternal nutrient con-
sumption during pregnancy and lactation was an indepen-

dent variable, and T1DM or insulin autoantibodies (IA) was
the outcome. Duplicated and irrelevant papers were ex-
cluded.

In the second step, the reviewers selected final papers
after two phases of titles/abstracts and full text screening.
The selected full texts of the papers were carefully read by
the researchers.

In addition, a manual search was performed in the ref-
erence lists of the selected full texts.

Data were extracted separately for cohort and case-
control studies. For the cohort studies, the following data
were extracted: authors, time and place of study, duration
of follow up, sample size, studied dietary component, and
final findings.

For the case-control studies, the following data were ex-
tracted: authors, time and place of study, sample size, stud-
ied dietary component, and final findings.

3. Results

In this review, 94 papers (PubMed: 38; Scopus: 39;
and ISI: 17) were identified through an electronic database
search. Finally, 19 qualified articles (14-32) were selected for
the final evaluation (Figure 1).

Articles identified through electronic database search  

 (n = 94) 

Articles not meeting aim of the review 

(n = 43) 

Full text articles reviewed by the authors  

 
(n = 51)

 

Studies included in the review 

 
(n = 19)

 

Figure 1. The flowchart of the study selection

Of the 19 selected studies, seven (14-20) were case-
control studies and 12 (21-32) were cohort studies (Tables 1
and 2).

Eleven studies evaluated the association of different
nutrients with T1DM (14-19, 29-32), and ten studies investi-
gated the association of different nutrients with beta cell
autoimmunity (21-29, 32). Only two studies assessed the as-
sociation between different nutrients and T1DM during the
lactation period (19, 29).

2 Int J Endocrinol Metab. 2020; 18(3):e93076.



Salek S et al.

Table 1. Details of the Finally Selected Case-Control Studies

Authors, Time, Place Sample Size Dietary Component Outcome T1DM/IA Findings

1 Virtanen et al., 1994, Finland
(14)

600 newly diagnosed diabetic
children and 536 healthy
children as the control group
and their parents

Daily coffee or tea use T1DM Maternal coffee consumption
during pregnancy did not
affect the risk of T1DM.

2 Stene et al., 2000, Norway (15) 85 diabetic subjects and 1,071
control subjects

Using multivitamin
supplements and cod liver oil

T1DM Using cod liver oil by pregnant
women was associated with
lower risk of T1DM in their
children (OR = 0.3, 95% CL: 0.12 -
0.75, P = 0.01). There was no
significant association
between the use of
multivitamin supplements by
pregnant women and the risk
of T1DM (OR = 1.11, 95% CL:0.69 -
1.77).

3 Stene et al., 2003, Norway (16) 545T1DM children and 1668
controls

Using cod liver oil and/or
vitamin D supplements

T1DM There was no significant
association between cod liver
oil (OR = 1.00, 95% CL: 0.74 -
1.55) and/or vitamin D
supplement (OR = 0.98, 95% CL:
0.73 - 1.31) consumption by
pregnant women with the risk
of T1DM

4 Sipetic et al., 2005, Serbia (17) 105 newly onset diabetic
children and 210 controls

Consumption of
nitrosamine-rich food,
consumption of coffee,
coca-cola, and alcohol

T1DM The frequency of coffee,
coca-cola, nitrosamine-rich
foods, and alcohol
consumption was significantly
higher during pregnancy in
mothers of T1DM children (P <
0.05). Based on multivariate
regression analysis, there was a
significant association
between the consumption of
nitrosamine-rich foods by
mothers and T1DM (OR = 4.33,
1.95 - 9.61, P = 0.001).

5 Sorensen et al., 2012, Norway
(18)

89 mothers of T1DM children
and 125 mothers without T1DM
children

Serum long chain n-3 fatty
acids including
eicosapentaenoic acid (EPA) or
docosahexaenoic acid (DHA) in
pregnant mothers

T1DM They did not report any
significant association
between the maternal serum
level of EPA (OR = 0.75 for
upper vs. lower quartile, CL:
0.34 - 1.65) or DHA (OR = 0.71,
CL: 0.33 - 1.53) with the risk of
T1DM in their children. P for
trend was 0.4 and 0.6 for EPA
and DHA, respectively.

6 Muntoni et al., 2015, Italy (19) 145 T1DM children and 153
controls

Vegetables, meat, lipids, fruits,
fish, dairy products, cereals,
carbohydrates, beverages, and
alcohol

T1DM Different food groups did not
show statistical significance.
There was a trend toward
significance for meat
consumption during
pregnancy and lactation (P =
0.059; OR = 0.318; 95% CL: 0.097
- 1.043)

7 Thorsen et al., 2019, Denmark
(20)

257 children with T1DM Maternal pure iron
supplementation

T1DM Iron supplementation
consumption by mothers
during pregnancy was not
associated with the risk of
T1DM in offspring (HR = 1.05,
95% CI: 0.76 - 1.45).

Abbreviations: T1DM, type 1 diabetes mellitus; OR, odds ratio; CI, confidence interval.

The most studied nutrient was vitamin D in foods or
as a supplement (16, 21, 22, 26, 30, 32), and its association
with T1DM was evaluated in six studies (one case-control

and five cohort studies). Two of the cohort studies reported
the protective role of vitamin D consumption by pregnant
women for islet autoimmunity (21, 22). One of the studies
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only the protective effect of vitamin D in islet autoimmu-
nity for in foods and not for supplementary vitamin D (21).
The remaining studies did not show any significant asso-
ciation between maternal vitamin D use and T1DM or islet
cell autoimmunity (16, 26, 30, 32).

Coffee was the second most studied dietary compo-
nent (14, 17, 25, 27). The findings of four of the studies about
coffee were not consistent. Accordingly, two of the studies
reported an association between coffee consumption and
T1DM (17, 25), one of them did not show any association in
this regard (14), and another one of them reported a pro-
tective effect of coffee against T1DM during pregnancy (27).

Four of the studies investigated the association be-
tween the maternal intake of different types of fatty acids
(SFA, MUFA, and PUFA) during pregnancy and the risk of
T1DM (18, 28, 29, 32). Most of the evaluations did not show
any significant association between the maternal intake
of different fatty acids during pregnancy and T1DM. One
of the studies reported a negative association between
palmitic acid (MUFA) in foods and the risk of T1DM (28). An-
other one of the studies showed no association between
maternal fatty acid use during lactation and the risk of
T1DM (29).

Two of the studies did not demonstrate any association
between the maternal intake of retinol, beta-carotene, vi-
tamin C, vitamin E, selenium, zinc, manganese, iron, and
multivitamin with T1DM or beta-cell autoimmunity (15, 24).
One of the studies revealed an insignificant association be-
tween maternal iron supplementation use and the risk of
T1DM (20).

Two of the studies reported that the maternal con-
sumption of meat, especially processed meat, was associ-
ated with an increased risk of T1DM or beta-cell autoim-
munity (19, 29). Two recent studies indicated that using
meat by mothers during lactation could increase the risk
of T1DM in offspring (19, 29).

One recent study reported that higher gluten-
containing foods during pregnancy was associated with
an increased risk of T1DM (31).

4. Discussion

In this study, we reviewed studies investigating the as-
sociation between maternal diet during pregnancy and/or
lactation with T1DM or beta-cell autoimmunity. Based
on our review, the maternal consumption of meat, espe-
cially processed meat, was associated with increased risk of
T1DM, whereas the maternal use of vegetables, potato, low-
fat margarine, and berries had a protective role in the de-
velopment of T1DM in offspring. There was no significant
association between the use of multivitamins and mineral
supplements with T1DM, according to the available data.

The results of the reviewed studies regarding the associ-
ation between the maternal use of vitamin D, fatty acids,
and coffee during pregnancy with T1DM were not consis-
tent and conclusive.

As previously mentioned, T1DM results from insulin de-
ficiency, mainly due to insulitis. Many studies suggested
the role of different environmental factors including nu-
tritional factors in the pathogenesis of T1DM through di-
rect and indirect destruction ofβ cells by inducing autoim-
munity. Indirect destruction by autoimmunity could be
induced by molecular homology between β cell antigens
and different environmental factors or by perturbing the
immune system to induce autoimmunity. The role of ma-
ternal diet and nutritional components has been investi-
gated in many animal studies. These factors are consid-
ered as exogenous maternal factors in the pathogenesis of
T1DM. It is essential to understand the role of different ex-
ogenous maternal factors in planning effective preventa-
tive strategies (33). Thus, in this study, we reviewed studies
in the field, which mostly investigated the association of
one or limited numbers of nutrients with T1DM.

4.1. Food Groups

Four studies investigated the association of the con-
sumption of different food groups during pregnancy and
lactation with T1DM or beta-cell autoimmunity. In the
United States, Lamb et al. (23) for the first time evaluated
the effect of maternal diet, including the use of vegeta-
bles, root vegetables, fruits, meat and poultry, fish, cow’s
milk and cow’s dairy products, gluten-containing food,
and non-gluten cereal grains during pregnancy on islet au-
toimmunity (IA) in offspring. They showed that maternal
potato consumption during pregnancy delayed the onset
of IA. However, they did not indicate any association be-
tween the other food groups and IA, and suggested that
maternal diet during pregnancy could affect the develop-
ment of IA in children (23).

Brekke et al. (25) in Sweden during the All Babies
in Southeast Sweden (ABIS) study investigated the role of
maternal diet composition in the incidence of IA in off-
spring. Maternal diet was evaluated using a 22-item food
frequency questionnaire (FFQ). The findings demonstrated
that less-than-daily consumption of coffee had a protective
role in the development of IA, and that less-than-daily use
of vegetables was associated with increased risk of IA (25).

Virtanen et al. (27) in their cohort study in Finland in-
dicated that among 27 different food groups studied, only
low-fat margarine, berries, and coffee were inversely asso-
ciated with the development of advanced IA in offspring.

Muntoni et al. (19) in Italy studied the association be-
tween maternal nutritional factors during pregnancy and
lactation with T1DM. They showed a significant association
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between children’s meat consumption during early life
and T1DM. However, they reported an insignificant associ-
ation between maternal nutritional factors during preg-
nancy and lactation with T1DM. There was a trend of signif-
icance in the relationship between the maternal consump-
tion of meat during pregnancy and lactation with T1DM
(19).

Considering that few studies are available in the
field and since the results of the mentioned studies are
non-conclusive, further large-scale prospective studies are
needed to elucidate the association between specific foods
or food groups and the risk of T1DM.

4.2. Vitamin D

Vitamin D was the most frequently studied nutrient
in our review. Stene et al. (15, 16), in their pilot study
suggested that vitamin D supplement or cod liver oil con-
sumption during pregnancy could reduce the risk of T1DM
in children, but their nationwide study did not confirm the
suggestion. Fronczak et al. (21) reported that only mater-
nal vitamin D consumption via foods could delay the de-
velopment of IA, whereas maternal vitamin D use via sup-
plements did not have such an effect. Brekke et al. (22), in
their cohort study in Sweden, indicated that the maternal
use of vitamin D during pregnancy could only reduce the
risk of T1DM and IA during the first year of lives. In another
cohort study in Finland, Marjamaki et al. (26) did not show
any association between maternal vitamin D consumption
and T1DM. Findings of a recent large cohort study from Fin-
land, Germany, Sweden, and the United States also did not
report any significant association between vitamin D sup-
plement consumption during pregnancy and the risk of IA
(32).

A meta-analysis of observational studies in the field did
not support the effectiveness of maternal vitamin D con-
sumption in preventing T1DM (34). However, their results
indicated that using vitamin D during early life had a sup-
porting effect on T1DM. They included three studies in their
meta-analysis to evaluate the association between mater-
nal vitamin D intake during pregnancy and T1DM (15, 16,
25). Given the findings of the reviewed studies, it appears
that although several studies suggested that maternal vi-
tamin D consumption during pregnancy could prevent IA,
the results of the mentioned studies were inconclusive.

The association between vitamin D and the risk of T1DM
appears to be highly complicated. Evidences suggest that
the association is related not only to vitamin intake as well
as dose and dietary habits, but also to some genetic factors
including polymorphisms of vitamin D metabolic path-
way genes such as vitamin D binding protein (VDBP), 1α-
hydroxylase (CYP27B1), vitamin D receptor (VDR), and vi-
tamin D 25-hydroxylase (CYP2R1) (35). Thus, it is recom-

mended to consider these factors in evaluating the role of
vitamin D in the pathogenesis of T1DM. More studies are
still needed to make more conclusive results in the field.

4.3. Coffee

Many studies have investigated the association of cof-
fee consumption with T2DM, but not with T1DM (35, 36),
which may be due to the different pathogenesis of the two
diseases. In this review, four of the studies investigated the
association between maternal coffee use and T1DM. In the
first study conducted in 1994, Virtanen et al. (14) did not re-
port any significant association between the two variables.
Another study by the same author with a larger sample
size indicated a protective effect of coffee against T1DM (27).
Sandra et al., in a case-control study in Serbia, reported ma-
ternal coffee use during pregnancy as a risk factor for the
development of T1DM (17). Another cohort study by Brekke
et al. (25) demonstrated that less-than-daily use of coffee by
mothers during pregnancy was rather protective against
T1DM. Considering the findings of the reviewed studies, it
is suggested that high coffee consumption could be asso-
ciated with increased risk of T1DM, whereas low coffee con-
sumption may have protective effects against T1DM. How-
ever, further studies are needed for a better understanding
of the association between maternal coffee use and the risk
of T1DM.

4.4. Fatty Acids

Evidence suggested that fatty acids could affect im-
mune responses and inflammatory reactions and that ma-
ternal diet fatty acid content could affect the fatty acids
content of breast milk and consequently its availability in
infants and their offspring (37, 38). Some researchers stud-
ied the association of the maternal intake of fatty acids dur-
ing pregnancy and lactation with the risk of T1DM in off-
spring (18, 21, 28, 29, 32), but obtained controversial results.
Most of the studies did not find any significant association
between the maternal intake of different fatty acids includ-
ing SFA, PUFA, and MUFA during pregnancy and lactation
with T1DM or IA. Niinisto et al. (28) in Finland reported that
the maternal intake of palmitic acid during pregnancy was
associated with decreased risk of clinical T1DM. Accord-
ingly, they observed that the intake of fat from fresh milk
and low-fat margarine was associated with increased and
decreased risk of preclinical T1DM, respectively. However, it
appears that there are still controversies in the field, which
could be resolved by further studies (28).

Based on the results of their animal studies, Kagohashi
et al. (12) suggested that from studied maternal nutritional
factors during pregnancy and lactation, the dietary n-6/n-3
EFA ratio had a role in the pathogenesis and clinical course
of T1DM in offspring.
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4.5. Meat

Earlier studies did not show any significant associa-
tion between the maternal consumption of meat during
pregnancy and T1DM or IA. However, two recent studies
in the field demonstrated that the maternal consumption
of meat during pregnancy and lactation was a risk factor
for T1DM (19, 29). Niinistö et al., in their cohort study in
Finland, indicated that the total maternal consumption of
meat during pregnancy increased the risk of both preclin-
ical and clinical T1DM, with the risk being more prominent
for processed meat products (29).

4.6. Other Micronutrients and Vitamins

Available documents indicated that using multivita-
mins and other supplements such as retinol, vitamin C,
vitamin E, beta-carotene, selenium, manganese, iron, and
zinc had no protective effects against T1DM (15, 20, 23).

From the above evidence of the association between
maternal nutrient components during pregnancy and lac-
tation and the risk of T1DM, we conclude that although ma-
ternal diet could influence the development of IA and T1DM
in offspring, there is no sufficient evidence for most nutri-
ents and available data are controversial, which should be
dealt with in future cohort or interventional studies.

The strength of this review was that no similar review
study existed in this field and most of the selected papers
were cohort or well-designed case-control studies. One
limitation of the review was that the studies were not sim-
ilar regarding methods, dietary components, and popula-
tions. Moreover, most of the cohort studies evaluated asso-
ciations for IA.

5. Conclusions

This review indicates that the maternal consumption
of some foods is associated with increased or decreased
risk of T1DM. However, for some foods or dietary compo-
nents, including coffee, vitamin D, and fatty acids, the re-
sults are not conclusive. We conclude that although mater-
nal diet could influence the development of IA and T1DM
in offspring, there is no sufficient evidence for most nutri-
ents and available data are controversial, which should be
dealt with in future cohort or interventional studies. Fur-
ther prospective studies are recommended to obtain more
precise results in the field.
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Table 2. Details of the Finally Selected Cohort Studies

Authors, Time,
Place

Follow-Up
Period, y

Sample Size Dietary Component Outcome
T1DM/IA

Findings

1 Fronczak et al.,
2003, USA (21)

4 233 mothers and
their offspring

omega-3 fatty acids,
omega-6 fatty acids,
vitamin D as supplement,
vitamin D in foods

IA They indicated that vitamin D intake via foods
but not associated with lower risk of IA
development in their offspring (adjusted HR =
0.37; 95% CI 0.17 - 0.78). They did not report any
significant association between omega-3 and
omega-6 fatty acids by pregnant women with
the risk of IA development in their children.

2 Brekke et al., 2007,
Sweden (22)

2.5 Parents of 11,081 and
8,805 infants at 1
and 2.5 years of age

Vitamin-D supplements IA Use of Vitamin-D supplements by pregnant
women was only associated with lower risk of
IA at one year of age (OR: 0.707, CI: 0.520 -
0.962, P = 0.028)

3 Lamb et al., 2008,
USA (23)

4 642 mothers and
their newborns

Potatoes, other root
vegetables,
gluten-containing foods,
non-gluten cereal grains,
cow’s milk and cow’s milk
products, fruits,
vegetables, meat and
poultry, and fish

IA They reported that higher maternal
consumption of potatoes could delay the
development of IA in their offspring (HR:0.49,
CI: 0.28 - 0.87). There was no significant
association between other food groups and
nutrients used by mothers during pregnancy
and IA onset in children.

4 Uusitalo et al., 2008,
Finland (24)

4.4 3730 mothers and
4,297 children with
high genetic
susceptibility to
T1DM

Consumption of selected
dietary antioxidants foods
during pregnancy
including vitamin C and E,
betacarotene, retinol, zinc,
selenium and manganese

IA The higher consumption of selected dietary
antioxidants including vitamin C [OR = 0.92
(0.72, 1.18)] and E [OR = 1.10 (0.55, 2.20)],
betacarotene [OR = 1.00 (0.82, 1.22)], retinol [OR
= 0.97 (0.79, 1.21)], zinc [OR = 1.01 (0.44, 2.34)],
selenium [OR = 1.21 (0.54, 2.70)] and manganese
[OR = 0.97 (0.65, 1.44)] had no protective effect
for advances IA onset in their offspring during
first years of life.

5 Brekke et al., 2010,
Sweden (25)

5 5,724 mothers Food groups including
vegetables and potatoes (n
= 3 items), fish (n = 3
items), eggs and meat (n =
4 items), dairy products(n
= 2 items), bread (n = 1
item), pas-
tries/chips/chocolate/candy
(n = 4 items), field
mushrooms (n = 1 items),
coffee (n = 1 item) and
alcohol (n = 1 item).

IA Less consumption of vegetables (3 - 5
times/week) in comparison with its daily use
was associated with higher risk of IA onset (OR:
1.63 95% CL: 1.20 - 2.17, P = 0.002). Less
consumption of coffee in comparison with its
daily use was tended to associate with lower
risk of IA onset (P for trend = 0.014).

6 Marjamaki et al.,
2010, Finland (26)

4.3 Mothers of 3,723
infants

Vitamin D from food or
from supplements

IA Maternal use of vitamin D (as supplement or
via its containing foods) was not associated
with the risk of advanced IA onset or T1DM in
the Finnish offspring with high genetic
susceptibility to T1DM.

7 Virtanen et al., 2011,
Finland (27)

4.4 4,297 infants with
high susceptibility
to T1DM and their
mothers

Milk and milk products,
cereal products, dietary
fats, vegetables, roots and
potato, fruits, berries, fruit
and berry juices, chocolate
and sweets, alcoholic
drinks, tea, coffee

IA The low maternal consumption of low-fat
margarine (use vs. non-use HR = 0.60, 95% CI:
0.38 - 0.93, P = 0.02), coffee (highest quarter vs.
lowest HR = 0.62, 95% CI: 0.40 - 0.97, P = 0.04),
and berries (continuous variable HR 0.90, 95%
CI: 0.83 - 0.98, P = 0.02) was associated with
increased risk of advanced IA development

8 Niinisto et al., 2014,
Finland (28)

4 - 6 4,887 children with
high susceptibility
to T1DM and their
mothers

Food groups including
cow’s milk products, fresh
milk, cheese, sour milk,
butter, and butter-oil
spreads, low-fat
margarines, high-fat
margarines, oil, red meat,
and meat products,
poultry, fatty fish, lean fish,
and fatty acids including
SFA, MUFA, and PUFA

IA/T1DM According to their findings, the use of foods
rich in palmitic acid (HR = 0.82, CL: 0.67 - 0.99),
low-fat margarine (HR = 0.67, CL: 0.49 - 0.92),
and cheese (HR = 0.52, CL: 0.31 – 0.87) by
pregnant women were associated with the
decreased risk of clinical type of T1DM. Using
foods such as sour milk products (HR= 1.14, CL:
1.02 - 1.28), proteins from sour milk (HR= 1.15,
CL: 1.02 - 1.29), and fat from fresh milk (HR =
1.43, CL: 1.04 - 1·96) in pregnancy was associated
with higher risk of the preclinical form of
T1DM. They did not show any significant
association between the maternal
consumption of foods rich in fatty acids and
risk of development of T1DM in offspring.
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9 Niinisto et al., 2015,
Finland (29)

7.5 - 7.7 2,939 mother child
pairs

Fatty acids including SFA,
MUFA, PUFA, and foods
rich in fatty acids during
the lactation period

IA/T1DM They did not find any significant association
between fatty acid intake during lactation and
risk of T1DM development in their children.
There was a significant association between
mothers consumption of red meat and meat
products and processed meat products during
lactation and increased risk of clinical (HR =
1.27, 95 % CI: 1.06 = 1.52, P = 0.025) and
preclinical (HR = 1.19, 95 % CI: 1.02 - 1.40, P =
0.038) T1DM. Using of vegetable oils by mothers
during lactation period was associated with
increased risk of preclinical type of T1DM (HR =
1.21, 95 % CI: 1.03 - 1.41, P = 0.023).

10 Jacobsen et al., 2015,
Australia (30)

15 331,623 neonates
born in Denmark
(1983-1988)

Margarine fortified with
vitamin D

They did not find evidence regarding the
effectiveness of exposure of low dose vitamin D
by using fortified margarine during the
gestational period on the risk of T1DM before 15
years of age.

11 Antvorskov et al.,
2018, Denmark (31)

15.6 67 565 pregnant
women and their
offspring

Foods containing gluten T1DM High maternal gluten intake during
pregnancy was associated with increased risk
of T1DM (HR = 1.31, 95% CI: 1.001 - 1.72). The risk
doubled in women with highest gluten intake
(≥ 20 g/day) against those with lowest gluten
intake (< 7 g/day).

12 Silvis et al., 2018,
Finland, Germany,
Sweden, and the
United States (32)

8.6 8676 children with
increased genetic
risk of IA and their
mothers

Supplemental vitamin D
and n-3 FAs

IA The use of supplemental vitamin D (HR =
1.11,95% CI: 0.94 - 1.31) and n-3 FAs (HR = 1.19, 95%
CI: 0.98 - 1.45) by mothers during pregnancy
was not associated with the risk of IA.

Abbreviations: IA, insulin autoantibodies; HR, hazard ratio; CI, confidence interval; T1DM, type 1 diabetes mellitus.
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