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1. Timing of introduction of allergenic foods and risk of TIDM — summary of
findings
Key information about each study is shown in the Table of Study Characteristics (Table 1),

and summarised below.

1.1. Studies identified

We identified 35 observational studies which reported the association between timing of
introduction of allergenic food(s) and risk of TIDM. Of these, 8 were prospective cohort
studies, some with separate reports of a nested case control analysis, 1 nested case control

and 26 were case control studies.

1.2. Populations

The majority of studies (n=23) were carried out in European populations. Other studies
were from North America (n=3), Asia Pacific region (n=5), Latin America (n=3) and
Africa (n=1).

1.3. Exposure assessment

We identified 33 studies which assessed cow’s milk introduction and TIDM, 2 studies of
soya, 6 studies of egg, 2 studies of fish, no studies of nut introduction, and 10 studies of
cereal introduction. We did not identify any studies of the interaction between allergenic
food introduction and breastfeeding status, and TIDM. Questionnaire was the most
common method to collect data (n=29), followed by interview (n=9), food diary (n=2) and
records (n=1), not mutually exclusive because more than one method was used in several
studies. Twenty-four studies used only questionnaire. It was unclear whether any study

used a validated or piloted dietary questionnaire.

1.4. Outcome assessment methods used
In 28 studies outcome assessment relied on physician assessment (eg using WHO criteria),
and in 7 TIDM assessment was serological (ie islet autoimmunity). Analyses were not

stratified by age of assessment for TIDM or other autoimmune outcomes.



Review B observational #TIDM V1.6 29" March 2016

FSA Systematic Review FS305005

1.5. Risk of bias assessment

Among 35 studies, overall bias was considered to be low in 12 (34%), unclear in 7 (20%),
and high in 16 (46%). The risk of bias was most commonly considered high due to lack of

adjustment for potential confounders.

1.6. Key findings

I. Risk of bias was mixed, with over 40% of studies considered at high risk of bias,
often due to poor methods of exposure assessment and/or failure to adjust for
potential confounding variables in analysis.

ii. We found significant statistical heterogeneity in some analyses, for unclear
reasons. For some analyses retrospective studies found associations between
early allergenic food introduction and increased TIDM risk, but for the same
exposure/outcome, prospective studies did not confirm the association.

iii. We found no evidence that timing of cow’s milk introduction is associated with
TIDM risk.

iv. We found no evidence that the timing of egg, soya, fish or cereal introduction is
associated with TIDM risk, although data were sparse. No data were identified

for timing of peanut or tree nut introduction.
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Table 1 Characteristics of included studies evaluating timing of allergenic food introduction in infants and type 1 diabetes mellitus

Exposure and Age at
Study Design N Country Population exposure outcome Outcome assessment
assessment (years)
. Population from 2 prospective cohort, offspring . .
Chmieh2015 pc 2201 Germany orsiblings of patients with TIDM. DABYDIAB  Cereal, Q/ 25 'S'eéaA”g’Ammgrl‘%gAA'
(1) 1989-2000 and BABYDIET 2000-2006 an )
Couper, 1999 Australign BABYDIAB: Birth cohc_th of _ _ .
@): Cduper PC 548 Australia ne_wborns with a flrs_t-degret.a relative with typg 1 Cow's milk, 24 17 Islet autoimmunity (IAA,
2’009 3) ' diabetes were recruited during the pregnancy in cereal, D/Q ’ GADA and 1A2A)
Victoria and South Australia, Australia in 1993
Holmberg,
2007 (4);
Karlen, 2012 ABIS: Population based birth cohort of children — . .
(5); Wahlberg, PC 8715 Sweden born in Southeast Sweden between 1997 and Cg\é\:esarln(lglk, 1,2,55 Islet ?ng'g:}rg/%?'fxgi'?DA’
2005 (6); 1999
Wahlberg,
2006 (7)
Ludvigsson, Children with one or more family members with Cow's milk, Islet autoimmunity (GADA,
2003 (8) PC 186 Sweden atopy cereal, Q 0.5.5 IAA OR IA2A)
. Childhood Diabetes in Finland Study: Unaffected . .
V|rtanegn, et PC 697 Finland siblings of index children newly diagnosed with Cow's milk, Q <25 ISIfotngmxmlzz(fA‘
) T1DM aged between 3 and 19 years old ’ ’ )
German BABYDIAB: Birth cohort of newborns
Ziegler, 2003 with a first-degree relative with type 1 diabetes Cow's milk, Islet autoimmunity (IAA,
(10) PC 1282 Germany were recruited during the pregnancy in Germany cereal, Q 4.5 GADA or IA2)
between 1989 and 2000
Frederiksen, DAISY: Prospective birth cohort of children at
2012/3 (11, increased risk for TLDM (relative with TIDM via
12); Lamb, registries and hospital records) recruited from Cereal. cow's DD, Islet autoimmunity
2008/13 (13, PC,NCC 1886 USA 1993 to 2004 in Denver, Colorado US were milk égg Q 4,7,9 (GADA and/or 1A2A and/or
14); Norris, screened for human leukocyte antigen (HLA) e 1AA)
1996/03 (15, genotype associated with celiac disease and
16) TIDM
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Exposure and Age at
Study Design N Country Population exposure outcome Outcome assessment
assessment (years)
Vaarala, 1999
(17); Virtanen,
2006/11 (18, DIPP: Prospective birth cohort of children at high
19); PC. NCC 5619 Finland risk of TIDM (HLA genotype conferred Cow's milk, <2, <10, Isle autoimmunity (GADA
Kimpimaki, ' susceptibility) born between 1997 and 2004 in cereal, egg, Q, | <4,<19 and/or IAA and/or I1A2A)
2001 (20); Oulu and Tampere University Hospital Finland
Lempainen,
2012 (21)
Savilahti, . Cases and controls taken from the NHI database, Cow's milk,
2009 (22) NCC 6209 Finland Finland cereal, R/D 115 DD
Cases with TIDM were sourced from hospital o
Alves, 2012 CcC 246 Brazil paediatric endocrinology clinics after diagnosis Cow's milk, 6.7,9 DD WHO criteria
(23) o cereal, |
and controls were unaffected siblings
Cases were T1DM treated on an endocrinology s S
Baruah, 2011 . ward & matched controls were recruited from o DI.:)' H_|story of d'abet".: Keto
cC 86 India ; ; Cow's milk, 1 <18 acidosis or documentation of
(24) other wards or among family members of medical .
. spontaneous ketonuria
professionals
Bodinaton UK study of T1DM cases diagnosed 1980-90 and
gton, cC 393 UK matched controls from a Population Register in Cow's milk, Q <15 DD
1994 (25) . "
Leicestershire.
Esfariani Case children selected from an endocrine clinic in
Jani, CcC 104 Iran Tehran, with controls selected from a paediatric Cow's milk, Q <14 DD
2001(26) .
outpatient department
Austria, EURODIAB (Austria, Latvia,Lithuania,
EURODIAB Latvia, Luxembourg & UK): Cases with TLDM were
' cC 2226 Lithuania, selected from a population-based register and Cow's milk, 1/Q <15 DD
2002 (27) : i
Luxembourg controls from population registers, schools &
and UK polyclinics
Cases with TIDM were identified through a
Gimeno, 1997 . social/education program for young diabetics or o
(28) cc 626 Brazil through the Hospital Sao Paulo. Controls were Cow's milk, Q <18 DD

matched non-diabetic children.
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Exposure and Age at
Study Design N Country Population exposure outcome Outcome assessment
assessment (years)
Hypponen,
1999 (29); Finnish children <14years diagnosed between
Virtanen, 1992 ccC 1380 Finland 1986-1989, with matched controls selected from Cow's milk, Q 8.2,7-14 DD
(30); Virtanen, the Finnish Population Registry
1993 (31)
Kostraba Pittsburgh Cases were selected from hosp_ital I_DD_M_registers _
1992 (325 cC 372 USA ' and controls were the non-diabetic siblings of Cow's milk, Q 8.6,10.1 DD
subjects: Pittsburgh, USA. All black population.
Kostraba Colorado Cases were fou_nd through_ the IDDM Regist_ry & _
1993 (33’) ccC 306 USA ' controls re_crwted fro_m licensed motor vehicle Cow's milk, Q <18 DD
register, both in Colorado, USA
Cases were identified from the Czech Childhood
Malcova, 2006 Czech Diabetes Register, with unrelated aged-match S
(34) cc 2334 Republic controls selected from among the schoolmates of Cow's milk, Q <15 DD
cases
Cases were T1 diabetics registered at a Paediatric
Marshall, Diabetes Clinic, Lancashire, UK, 1998. Controls S
2004 (35) cc 577 UK were children, without chronic disease, selected Cow's milk, | <16 DD
from the local Health Authority Register
Cases were diabetic children followed up by the
Meloni. 1997 N Paedi_atric D_epartn_]ent of the University of _
(3é) CcC 200 Sardinia Sassari, Sardinia, with controls selected from Cow's milk, Q <17 DD
children also admitted to the same hospital but
with no personal or family history of IDDM
Piggﬁgg\)’o _ Cases were T_lDMs selected from the Santiago de _ o
Perez-Brav,o, cC 250 Chile Chile registry and controls were randomly Cow's milk, 1/Q <15.8 DD, WHO criteria
2003 (38) recruited from several schools
EURODIAB: cases were from the Austrian
Rami, 1999 . diabetes register, diagnosed between 1989-94 in o
(39) cc 609 Austria Vienna and matched controls were randomly Cow's milk, Q <15 DD

selected from schools in Vienna: Austria.
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Exposure and Age at
Study Design N Country Population exposure outcome Outcome assessment
assessment (years)
Rosenbauer, EURODIAB: Cases are newly diagnosed
2007 (40); diabetics registered by nationwide active hospital- I
Rosenbauer, cc 2631 Germany based surveillance system ESPED and controls Cow's milk, Q <5 DD
2008 (41) from acquaintances of cases.
Sadauskaite- Sweden DEBS Study: cases were newly diagnosed
Kuehne, 2004 cC 517 . ! between 1995-2000 in South East Sweden and Cow's milk, Q 7 DD
Lithuania
(42) aged <15
Cases were children hospitalised with new
Sipetic, 2005 . diagnosis of TIDM in Belgrade, with controls S I
(43) cc 315 Serbia selected from a population of children treated for Cow's milk, | <16 DD WHO criteria
skin disease as outpatients
Skrodeniene _ - DEBS: cases were hospitalized new diagnoses of o
2010 (44) ' cC 1099 Lithuania T1DM 1996-2000 and matched controls Egg, Q 10 DD WHO criteria
randomly selected from outpatient departments
Hungarian Childhood Diabetes Epidemiology
Soltesz. 1994 Study Group (part of_EUROBIAB/DIAMOND): _
( 45’) CcC 305 Hungary Cases were newly diagnosed T1DM as per the Cow's milk, Q <14 DD
incidence register for 1990 and matched controls
were selected by case families
WHO Multinational Project for Childhood Cow's milk
Strotmeyer, . Diabetes (DiaMond): cases selected from T1DM ! I
2004 (46) cc 690 China incidence registries 1985-98 and matched controls cereal, egg, fish, 9.7 DD WHO criteria
from locally resident populations (>95%) soya, Q
Svensson _ Cases taken from the National Register, _
2005 ( 47)’ cC 1186 Denmark diagnosed between 1996-99, and controls from Cow's milk, Q 8.4 DD
the Population Register
Telahun 1994 — Cases selected from attendees of a diabetic clinic .
(48) cc 129 Ethiopia and controls from their non-diabetic siblings Cow's milk, Q <15 DD
Thorsdottir Cases were children with IDDM and controls
' cC 220 Iceland were children selected by Statistical Bureau of Cow's milk, | 12 DD

2000 (49)

Iceland.
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Exposure and Age at
Study Design N Country Population exposure outcome Outcome assessment
assessment (years)
Cases taken from an incidence register and R
iae, A cC 475 Australia controls from school registers in New South Cowss milk, <14 DD
(50) Wales soya, Q
EURODIAB lItaly: Cases with TIDM selected
Visalli, 2003 from within the EURODIAB ACE study, born Cow's milk, i o
(51) cc 900 Italy 1977-89, with controls selected from school egg, fish, Q 6-18 DD WHO criteria
records for the same period
Cases were newly diagnosed with IDDM <5y in
Wadsworth, 1992 reported through BPASU and controls were I
1997 (52) cc 639 UK selected form District Health Authority Cow's milk, Q <5 DD

Immunisation Register

PC prospective cohort, NCC nested case-control, CC case-control, D food diary, GADA glutamic acid decarboxylase antibodies, IAA insulin
autoantibodies, IA2A insulinoma-2-associated autoantibodies, Q questionnaire, Physician assessment refers to assessment by a study physician, DD
doctor diagnosis, I interview, R records

10
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Figure 1 Risk of bias in observational studies of timing of allergenic food
introduction and risk of type 1 diabetes
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2. Timing of cow’s milk introduction and risk of TIDM

2.1. Timing of cow’s milk introduction and risk of TIDM

Figures 2 to 7 show the outcomes of 28 eligible observational studies reporting OR for
TIDM. Figure 2 shows extreme statistical heterogeneity in prospective studies, and
evidence for increased TIDM risk with early cow’s milk introduction in the retrospective
studies, with no statistical heterogeneity. Of the prospective studies, Savilahti 2009
assessed clinical TIDM, and the other 2 studies assessed serological TIDM, in a
representative population (Wahlberg 2005) and in a population at increased genetic risk
of TIDM (Virtanen 2006). These differences may account for some of the statistical
heterogeneity. A funnel plot showed no evidence of publication bias (Figure 3).
Subgroup analyses (Table 2) show a significant difference between the prospective study
of Virtanen 2006 in a high risk population, with no association seen, and other studies in
low/normal risk populations, where an association was seen. Figure 4 shows no evidence
of association in prospective studies, all of which assessed serological TIDM, but
evidence of association between early cow’s milk introduction and increased TIDM in
retrospective studies, albeit with moderate statistical heterogeneity. A funnel plot showed
no evidence of publication bias (Figure 5). Subgroup analyses (Table 3) showed a
statistically significant difference in findings in Figure 4 between the retrospective
studies, which used clinical TIDM diagnosis, and the prospective studies, which used
serological diagnosis. Figures 6 and 7 reveal no consistent evidence of association
between early cow’s milk introduction and TIDM risk, using different cut-offs to
categorise timing of cow’s milk introduction. Two prospective studies found significantly
increased TIDM with cow’s milk introduction before 5-7 months (Figure 6) with no
statistical heterogeneity. However, other data from one of these cohorts (DAISY — Norris
2003) suggest no relationship between timing of cow’s milk introduction and TIDM risk
(Figure 4), and retrospective studies of cow’s milk introduction at 5-7 months also found
no association. Figure 8 shows a pooled analysis of mean difference in time of
introduction of cow’s milk in 5 retrospective case control studies and one prospective
study. Pooled data from retrospective studies show a significant association, but all data
are unadjusted. Adjusted analyses in the study of Alves 2012 showed no significant

difference, and the other studies did not report adjusted analyses. The prospective study

12
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(Savilahti 2009) found no difference in unadjusted analysis, and a second prospective
study (Couper 1999) found no significant association in an adjusted regression analysis -
HR 1.0 for single TIDM-associated antibody, 0.9 for detection of >2 antibodies but could

not be included in the meta-analysis since no 95% CI or P value was reported.

Figure 2: Cow’s milk introduction <0-2 months and TIDM

STUDY Odds Ratio OR 95%-Cl W(random)
design = prospective :

Savilahti 2009 —a— 0.63 [0.31;1.28] 5.5%
Virtanen 2006 I: 0.94 [0.61; 1.45] 10.1%
Wahlberg 2005 — 2.90 [1.53;5.50] 6.3%
Random effects model 1.20 [0.53; 2.71] 21.9%

Heterogeneity: I-squared=82.8%, p=0.003

design = retrospective

Rosenbauer 2008 L3 1.25 [0.96; 1.62] 15.0%
Sadauskaite-Kuehne (LT) 2004 +i— 1.43 [0.88; 2.33] 8.9%
Marshall 2004 - 1.78 [1.25;2.52] 12.3%
Gimeno 1997 - 1.45 [1.06; 1.98] 13.4%
Wadsworth 1997 —a— 1.41 [0.70; 2.84] 5.5%

Bodington 1994 —- 0.98 [0.65; 1.48] 10.7%
Virtanen 1992 —-— 1.54 [1.08; 2.20] 12.2%
Random effects model L 1.38 [1.21; 1.59] 78.1%
Heterogeneity: I-squared=0%, p=0.4556
<>

Random effects model
Heterogeneity: I-squared=51.3%, p=0.0298
[ T

1.34 [1.10; 1.62] 100%

T T T 1
0102 05 1 2 5 10
Decreased risk Increased risk
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Figure 3: Funnel plot for studies of cow’s milk introduction <0-2 months and TIDM

Standard efror
0.20 0.15 0.10 0.05 0.00

025
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035
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Egger’s test for asymmetry P=0.26
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Table 2 Stratified and subgroup analyses of association between cow’s milk introduction at <0-2 months and risk of TIDM

Number of » P-value for between
) OR [95% CI] 1° (%) )
studies groups difference
Risk of disease — High 1 0.94 [0.61-1.45] - 0.028
Risk of disease — Normal 9 1.65 [1.28-2.13] 70.9
Overall risk of bias — Low 3 1.27 [0.91-1.77] 35 0.20
Overall risk of bias — High/Unclear 7 1.71[1.24-2.36] 78.2
Method of diagnosis — clinical 8 1.57 [1.21-2.02] 70.3 0.95
Method of diagnosis — serological (single or combination of antibodies) 2 1.61 [0.53-4.85] 87.8

15
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Figure 4: Cow’s milk introduction <3-4 months and TIDM

STUDY Odds Ratio OR 95%-Cl W(random)
design = prospective :

Karlen 2012 — 0.77 [0.50; 1.19] 6.1%
Virtanen 2011 - 1.16 [0.84; 1.60] 8.1%
Couper 2009 —— 0.78 [0.42; 1.45] 3.8%
Ziegler 2003 — 0.80 [0.50; 1.28] 5.5%
Norris 2003 — 0.77 [0.31; 1.91] 2.1%
Random effects model . d 0.92 [0.75; 1.13] 25.6%
Heterogeneity: I-squared=0%, p=0.4942 H

design = retrospective :

Malcova 2006 - 1.11 [0.83; 1.48] 8.8%
Svensson 2005 i 1.52 [1.11; 2.07] 8.4%
Sadauskaite-Kuehne (SE) 2004 — 1.75 [1.02; 3.02] 4.6%
Strotmeyer 2004 —a— 0.65 [0.33; 1.30] 3.2%
Visalli 2003 — - 149 [0.71; 3.11] 2.9%
EURODIAB 2002 ‘- 1.01 [0.82; 1.25] 10.6%
Gimeno 1997 Hil- 1.34 [0.99; 1.81] 8.5%
Meloni 1997 — 0.62 [0.24; 1.60] 1.9%
Bodington 1994 —— 0.95 [0.57; 1.59] 5.0%
Telahun 1994 — 0.68 [0.28; 1.65] 2.2%
Verge 1994 L 1.52 [1.04; 2.22] 7.0%
Kostraba 1993 T—=—> 4.50 [0.90; 22.50] 0.7%
Virtanen 1992 2 = 1.52 [1.11; 2.08] 8.3%
Kostraba (Black) 1992 —1—=—> 3.30 [0.70; 15.56] 0.8%
Kostraba (White) 1992 —_— 0.60 [0.20; 1.80] 1.5%
Random effects model h 1.22 [1.04; 1.44] 74.4%
Heterogeneity: I-squared=42.3%, p=0.0427 _

Random effects model > 1.13 [0.98; 1.30] 100%
Heterogeneity: I-squared=42.9%, p=0.0224 .

[ T T T T 1

01 02 05 4 2 5 10
Decreased risk Increased risk

Figure 5: Funnel plot for studies of cow’s milk introduction <3-4 months and TIDM
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Table 3 Stratified and subgroup analyses of association between cow’s milk introduction at <3-4 months and risk of TIDM

Number of » P-value for between
) OR [95% CI] 1° (%) )
studies groups difference

Risk of disease — High 4 0.97 [0.77-1.23] 0 0.18

Risk of disease — Low/Normal 16 1.18 [1.00-1.39] 47.1

Overall risk of bias — Low 8 1.20 [0.98-1.47] 47 0.41

Overall risk of bias — High/Unclear 12 1.06 [0.86-1.31] 44

Method of diagnosis — clinical 15 1.22 [1.04-1.44] 42.3 0.033
Method of diagnosis — serological (single or combination of antibodies) 5 0.92 [0.75-1.13] 0

17



Review B observational #TIDM V1.6
FSA Systematic Review FS305005

29" March 2016

Figure 6: Cow’s milk introduction <5-7 months and TIDM

STUDY

design = prospective
Wahlberg 2006

Norris 1996

Random effects model

Heterogeneity: I-squared=0%, p=0.8501

design = retrospective
Rosenbauer 2007
Sipetic 2005

Sadauskaite-Kuehne (SE) 2004

Telahun 1994
Random effects model

Heterogeneity: I-squared=85.5%, p=0.0001

Random effects model

Heterogeneity: I-squared=78.1%, p=0.0004
|

Odds Ratio

I I
0102 05 1 2 5

OR 95%-Cl W(random)

1.81 [0.88; 3.70]
2.04 [0.73;5.71]
1.88 [1.05; 3.39]

0.72 [0.52;1.01]
2.87 [1.68;4.90]
1.61 [1.01;2.58]
0.95 [0.42;2.15]
1.34 [0.69; 2.59]

1.47 [0.89; 2.45]

10
Decreased risk Increased risk

Figure 7: Cow’s milk introduction <8-12 months and TIDM

STUDY

design = retrospective

Esfarjani 2001
Telahun 1994

Random effects model
Heterogeneity: I-squared=0%, p=0.5172

Random effects model
Heterogeneity: I-squared=0%, p=0.5172
r T

Odds Ratio

I I I T

1

0102 05 1 2 5 10

Decreased risk Increased risk

15.7%
11.8%
27.5%

20.8%
18.2%
19.1%
14.4%
72.5%

100%

OR 95%-Cl W(random)

Figure 8: Mean time of cow’s milk introduction and TIDM

STUDY

design = prospective
Savilahti 2009
Random effects model

Heterogeneity: not applicable for a single 'ktuc

design = retrospective
Alves 2012

Baruah 2011
Perez-Bravo 2003
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2.2. Studies of cow’s milk introduction and TIDM which could not be included in

meta-analysis

Five further studies reported the relationship between timing of cow’s milk introduction
to the infant diet, and risk of TIDM. In 4 there was no association reported, in 1 there
were mixed findings — association with 1 autoantibody, not with another. The findings

from each study are summarised below:

Soltesz 1994 reported no difference in median age of cow’s milk introduction in infants
with and without TIDM. Thorsdottir 2000 reported no difference in timing of cow’s
milk introduction in infants with and without TIDM. Ludvigsson 2003 found increased
level of GADA (glutamic acid decarboxylase antibodies) but not IA2A (insulinoma-2-
associated autoantibodies), with early cow’s milk introduction. Virtanen 1998 found no
significant relationship between timing of introduction of cow’s milk and serological
TIDM, in a prospective cohort study of siblings of TIDM cases. Rami 1999 reported no

difference in median age of cow’s milk introduction in infants with and without TIDM.

2.3. Conclusions: cow’s milk introduction and TIDM

Overall 33 studies reported this association — 8 prospective studies, and 25 case control
studies. Statistical heterogeneity was high in some analyses, for reasons that are unclear.
Analyses of retrospective studies and unadjusted data showed significantly earlier cow’s
milk introduction in cases than controls, but this was not supported by prospective or
adjusted data. Overall there was no evidence to suggest a relationship between timing of
introduction of cow’s milk to the infant diet, and TIDM. We did not identify any
systematic reviews in this area which met our quality criteria. One systematic review (53)
identified just seven case—control studies (total 2007 cases, 8455 controls) and reported
that in 6 of 7 studies there was no difference in TIDM risk with cow’s milk introduction
before 3, 5, 7 or 11 months. Data were not pooled in meta-analysis. Our findings are
consistent with their conclusions that there is no evidence for an association between

timing of cow’s milk introduction and risk of TIDM.

Overall we found no evidence that timing of cow’s milk introduction influences risk

of TIDM.
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3. Timing of other allergenic food introduction and risk of TIDM

Figures 9 to 13 show the outcomes of 10 eligible observational studies reporting OR for
TIDM. The pooled data show no significant association between timing of soya, fish or
cereal introduction to the infant diet and TIDM. One case-control study found egg
introduction prior to 5 months of age was more common in cases compared with controls
in adjusted analysis; a separate case control study evaluating egg introduction prior to 3
months found no significant difference between cases and controls, in unadjusted
analysis (Figures 10 and 11). A larger prospective study evaluating hazard of TIDM for
egg introduction < 8-12 months found increased TIDM with earlier egg introduction, but

the difference did not reach statistical significance.

3.1. Timing of soya introduction and risk of TIDM
Figure 9: Soya introduction <3-4 months and TIDM
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3.2. Timing of egg introduction and risk of TIDM

Figure 10: Egg introduction <3-4 months and TIDM
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Figure 11: Egg introduction <5-7 months and TIDM
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Figure 12: Egg introduction <8-12 months and TIDM
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Figure 13: Fish introduction <3-4 months and TIDM
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3.4. Timing of cereal introduction and risk of TIDM

Figure 14: Cereal introduction <3-4 months and TIDM
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Figure 15: Cereal introduction <5-7 months and TIDM
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3.5. Studies of other allergenic food introduction and TIDM which could not be

included in meta-analysis

Five further studies reported the relationship between timing of other allergenic food
introduction to the infant diet, and risk of TIDM. In 4 there was no association reported,
in 1 study findings were mixed. The findings from each study are summarised below:
Ludvigsson 2003 found no significant association between timing of gluten introduction
and any of 3 TIDM-associated antibodies GADA, 1A2A or IAA in a prospective cohort
study. Zeigler 2003 found significantly increased risk of positive TIDM-associated
antibodies with gluten introduction before 3 months, but not when categorised as before
or after 6 months, in a prospective cohort study. Alves 2012 reported mean time of
introduction of cereal to the infant diet as 3.2 months (sd 2.5) for cases, and 3.7 months
(sd 2.4) in controls but the difference was not statistically significant (P=0.082).
Strotmeyer 2004 reported no significant difference between cases and controls in timing
of introduction of egg or fish, using adjusted analyses in a case control study design.
Lamb 2013 reported unadjusted data from a nested case control analysis of the DAISY
cohort, showing no significant association between timing of egg introduction and

serological TIDM.

3.6. Conclusions: other allergenic food introduction and TIDM

Overall 15 studies reported this association — 8 cohort studies, 1 nested case control study
and 6 case control studies. Statistical heterogeneity was high in some analyses, for
reasons that are unclear. A single retrospective study found early egg introduction to be
associated with TIDM in a logistic regression model - this was not supported by analysis
of two other retrospective studies or two prospective studies, although one of the
prospective studies found increased TIDM-associated beta-cell autoimmunity associated
with early egg introduction which was almost statistically significant. We found no
evidence that timing of introduction of soya, fish or cereal is associated with TIDM, and

there were no data for nuts.

We found no evidence that timing of soya, egg, fish or cereal introduction to the
infant diet is associated with TIDM.

22



Review B observational #TIDM V1.6 29" March 2016
FSA Systematic Review FS305005

References

1. Chmiel R, Beyerlein A, Knopff A, Hummel S, Ziegler A-G, Winkler C. Early
infant feeding and risk of developing islet autoimmunity and type 1 diabetes. Acta
diabetologica. 2015;52(3):621-4.

2. Couper JJ, Steele C, Beresford S, Powell T, McCaul K, Pollard A, et al. Lack of
association between duration of breast-feeding or introduction of cow's milk and
development of islet autoimmunity. Diabetes. 1999;48(11):2145-9.

3. Couper JJ, Beresford S, Hirte C, Baghurst PA, Pollard A, Tait BD, et al. Weight
gain in early life predicts risk of islet autoimmunity in children with a first-degree
relative with type 1 diabetes. Diabetes Care. 2009;32(1):94-9.

4. Holmberg H, Wahlberg J, Vaarala O, Ludvigsson J, Group AS. Short duration of
breast-feeding as a risk-factor for beta-cell autoantibodies in 5-year-old children from the
general population. British Journal of Nutrition. 2007;97(1):111-6.

5. Karlen J, Faresjo T, Ludvigsson J. Could the social environment trigger the
induction of diabetes related autoantibodies in young children? Scandinavian Journal of
Public Health. 2012;40(2):177-82.

6. Wahlberg J, Fredriksson J, Nikolic E, Vaarala O, Ludvigsson J, Group AB-S.
Environmental factors related to the induction of beta-cell autoantibodies in 1-yr-old
healthy children. Pediatric Diabetes. 2005;6(4):199-205.

7. Wahlberg J, Vaarala O, Ludvigsson J, group AB-s. Dietary risk factors for the
emergence of type 1 diabetes-related autoantibodies in 21/2 year-old Swedish children.
British Journal of Nutrition. 2006;95(3):603-8.

8. Ludvigsson J. Cow-milk-free diet during last trimester of pregnancy does not
influence diabetes-related autoantibodies in nondiabetic children. Annals of the New
York Academy of Sciences. 2003;1005:275-8.

9. Virtanen SM, Hypponen E, Laara E, Vahasalo P, Kulmala P, Savola K, et al.
Cow's milk consumption, disease-associated autoantibodies and type 1 diabetes mellitus:
a follow-up study in siblings of diabetic children. Childhood Diabetes in Finland Study
Group. Diabetic Medicine. 1998;15(9):730-8.

10.  Ziegler AG, Schmid S, Huber D, Hummel M, Bonifacio E. Early infant feeding
and risk of developing type 1 diabetes-associated autoantibodies. JAMA.
2003;290(13):1721-8.

23



Review B observational #TIDM V1.6 29" March 2016
FSA Systematic Review FS305005

11. Frederiksen B, Kroehl M, Lamb MM, Seifert J, Barriga K, Eisenbarth GS, et al.
Infant Exposures and Development of Type 1 Diabetes Mellitus The Diabetes
Autoimmunity Study in the Young (DAISY). Jama Pediatrics. 2013;167(9):808-15.

12. Frederiksen B, Kroehl M, Lamb M, Seifert J, Barriga K, Rewers M, et al. Infant
exposures and development of type 1 diabetes-the diabetes autoimmunity study in the
young (DAISY). Diabetes. 2012;61:A352.

13. Lamb MM, Myers MA, Barriga K, Zimmet PZ, Rewers M, Norris JM. Maternal
diet during pregnancy and islet autoimmunity in offspring. Pediatric Diabetes.
2008;9(2):135-41.

14. Lamb MM, Simpson MD, Seifert J, Scott FW, Rewers M, Norris JM. The
association between 1gG4 antibodies to dietary factors, islet autoimmunity and type 1
diabetes: the Diabetes Autoimmunity Study in the Young. PLoS ONE [Electronic
Resource]. 2013;8(2):e57936.

15. Norris JM, Beaty B, Klingensmith G, Yu L, Hoffman M, Chase HP, et al. Lack of
association between early exposure to cow's milk protein and beta-cell autoimmunity.
Diabetes Autoimmunity Study in the Young (DAISY). JAMA. 1996;276(8):609-14.

16. Norris JM, Barriga K, Klingensmith G, Hoffman M, Eisenbarth GS, Erlich HA, et
al. Timing of initial cereal exposure in infancy and risk of islet autoimmunity. JAMA.
2003;290(13):1713-20.

17.  Vaarala O, Knip M, Paronen J, Hdimélainen AM, Muona P, Vaatédinen M, et al.
Cow's milk formula feeding induces primary immunization to insulin in infants at genetic
risk for type 1 diabetes. Diabetes [Internet]. 1999; 48(7):1389-94 .

18.  Virtanen SM, Kenward MG, Erkkola M, Kautiainen S, Kronberg-Kippila C,
Hakulinen T, et al. Age at introduction of new foods and advanced beta cell
autoimmunity in young children with HLA-conferred susceptibility to type 1 diabetes.
Diabetologia. 2006;49(7):1512-21.

19.  Virtanen SM, Takkinen HM, Nevalainen J, Kronberg-Kippila C, Salmenhaara M,
Uusitalo L, et al. Early introduction of root vegetables in infancy associated with
advanced beta-cell autoimmunity in young children with human leukocyte antigen-
conferred susceptibility to Type 1 diabetes. Diabetic Medicine. 2011;28(8):965-71.

20. Kimpimaki T, Erkkola M, Korhonen S, Kupila A, Virtanen SM, llonen J, et al.

Short-term exclusive breastfeeding predisposes young children with increased genetic

24



Review B observational #TIDM V1.6 29" March 2016
FSA Systematic Review FS305005

risk of Type | diabetes to progressive beta-cell autoimmunity. Diabetologia.
2001;44(1):63-9.

21. Lempainen J, Tauriainen S, Vaarala O, Makela M, Honkanen H, Marttila J, et al.
Interaction of enterovirus infection and cow's milk-based formula nutrition in type 1
diabetes-associated autoimmunity. Diabetes/Metabolism Research Reviews.
2012;28(2):177-85.

22.  Savilahti E, Saarinen KM. Early infant feeding and type 1 diabetes. European
Journal of Nutrition. 2009;48(4):243-9.

23.  Alves JGB, Figueiroa JN, Meneses J, Alves GV. Breastfeeding protects against
type 1 diabetes mellitus: A case-sibling study. Breastfeeding Medicine. 2012;7(1):25-8.
24, Baruah MP, Ammini AC, Khurana ML. Demographic, breast-feeding, and
nutritional trends among children with type 1 diabetes mellitus. Indian Journal of
Endocrinology and Metabolism. 2011;15(1):38-42.

25.  Bodington MJ, McNally PG, Burden AC. Cow's milk and type 1 childhood
diabetes: no increase in risk. Diabetic Medicine. 1994;11(7):663-5.

26. Esfarjani F, Azar MR, Gafarpour M. IDDM and early exposure of infant to cow's
milk and solid food. Indian Journal of Pediatrics. 2001;68(2):107-10.

27. Eurodiab Study Group. Rapid early growth is associated with increased risk of
childhood type 1 diabetes in various European populations. Diabetes Care.
2002;25(10):1755-60.

28.  Gimeno SG, de Souza JM. IDDM and milk consumption. A case-control study in
Sao Paulo, Brazil. Diabetes Care. 1997;20(8):1256-60.

29. Hypponen E, Kenward MG, Virtanen SM, Piitulainen A, Virta-Autio P,
Tuomilehto J, et al. Infant feeding, early weight gain, and risk of type 1 diabetes.
Childhood Diabetes in Finland (DiMe) Study Group. Diabetes Care. 1999;22(12):1961-5.
30.  Virtanen SM, Rasanen L, Aro A, Ylonen K, Lounamaa R, Tuomilehto J, et al.
Feeding in infancy and the risk of type 1 diabetes mellitus in Finnish children. The
'Childhood Diabetes in Finland' Study Group. Diabetic Medicine. 1992;9(9):815-9.

31.  Virtanen SM, Rasanen L, Ylonen K, Aro A, Clayton D, Langholz B, et al. Early
introduction of dairy products associated with increased risk of IDDM in Finnish
children. The Childhood in Diabetes in Finland Study Group. Diabetes.
1993;42(12):1786-90.

25



Review B observational #TIDM V1.6 29" March 2016
FSA Systematic Review FS305005

32. Kostraba JN, Dorman JS, LaPorte RE, Scott FW, Steenkiste AR, Gloninger M, et
al. Early infant diet and risk of IDDM in blacks and whites. A matched case-control
study. Diabetes Care. 1992;15(5):626-31.

33. Kostraba JN, Cruickshanks KJ, Lawler-Heavner J, Jobim LF, Rewers MJ, Gay
EC, et al. Early exposure to cow's milk and solid foods in infancy, genetic predisposition,
and risk of IDDM. Diabetes. 1993;42(2):288-95.

34. Malcova H, Sumnik Z, Drevinek P, Venhacova J, Lebl J, Cinek O. Absence of
breast-feeding is associated with the risk of type 1 diabetes: a case-control study in a
population with rapidly increasing incidence. European Journal of Pediatrics.
2006;165(2):114-9.

35. Marshall AL, Chetwynd A, Morris JA, Placzek M, Smith C, Olabi A, et al. Type
1 diabetes mellitus in childhood: a matched case control study in Lancashire and
Cumbria, UK. Diabetic Medicine. 2004;21(9):1035-40.

36. Meloni T, Marinaro AM, Mannazzu MC, Ogana A, La Vecchia C, Negri E, et al.
IDDM and early infant feeding. Sardinian case-control study. Diabetes Care.
1997;20(3):340-2.

37.  Perez-Bravo F, Carrasco E, Gutierrez-Lopez MD, Martinez MT, Lopez G, de los
Rios MG. Genetic predisposition and environmental factors leading to the development
of insulin-dependent diabetes mellitus in Chilean children. Journal of Molecular
Medicine. 1996;74(2):105-9.

38.  Perez-Bravo F, Oyarzun A, Carrasco E, Albala C, Dorman JS, Santos JL.
Duration of breast feeding and bovine serum albumin antibody levels in type 1 diabetes:
a case-control study. Pediatric Diabetes. 2003;4(4):157-61.

39. Rami B, Schneider U, Imhof A, Waldhor T, Schober E. Risk factors for type |
diabetes mellitus in children in Austria. European Journal of Pediatrics. 1999;158(5):362-
6.

40. Rosenbauer J, Herzig P, Kaiser P, Giani G. Early nutrition and risk of Type 1
diabetes mellitus--a nationwide case-control study in preschool children. Experimental &
Clinical Endocrinology & Diabetes. 2007;115(8):502-8.

41. Rosenbauer J, Herzig P, Giani G. Early infant feeding and risk of type 1 diabetes
mellitus-a nationwide population-based case-control study in pre-school children.
Diabetes/Metabolism Research Reviews. 2008;24(3):211-22.

26



Review B observational #TIDM V1.6 29" March 2016
FSA Systematic Review FS305005

42. Sadauskaite-Kuehne V, Ludvigsson J, Padaiga Z, Jasinskiene E, Samuelsson U.
Longer breastfeeding is an independent protective factor against development of type 1
diabetes mellitus in childhood. Diabetes/Metabolism Research Reviews. 2004;20(2):150-
7.

43. Sipetic S, Vlajinac H, Kocev N, Bjekic M, Sajic S. Early infant diet and risk of
type 1 diabetes mellitus in Belgrade children. Nutrition. 2005;21(4):474-9.

44.  Skrodeniene E, Marciulionyte D, Padaiga Z, Jasinskiene E, Sadauskaite-Kuehne
V, Sanjeevi CB, et al. Associations between HLA class Il haplotypes, environmental
factors and type 1 diabetes mellitus in Lithuanian children with type 1 diabetes and
controls. Polish Annals of Medicine. 2010;17(1):7-15.

45.  Soltesz G, Jeges S, Dahlquist G. Non-genetic risk determinants for type 1
(insulin-dependent) diabetes mellitus in childhood. Hungarian Childhood Diabetes
Epidemiology Study Group. Acta Paediatrica. 1994;83(7):730-5.

46.  Strotmeyer ES, Yang Z, LaPorte RE, Chang YF, Steenkiste AR, Pietropaolo M,
et al. Infant diet and type 1 diabetes in China. Diabetes Research & Clinical Practice.
2004;65(3):283-92.

47.  Svensson J, Carstensen B, Mortensen HB, Borch-Johnsen K, Danish Study Group
of Childhood D. Early childhood risk factors associated with type 1 diabetes--is gender
important? European Journal of Epidemiology. 2005;20(5):429-34.

48.  Telahun M, Abdulkadir J, Kebede E. The relation of early nutrition, infections
and socio-economic factors to the development of childhood diabetes. Ethiopian Medical
Journal. 1994;32(4):239-44.

49.  Thorsdottir I, Birgisdottir BE, Johannsdottir IM, Harris DP, Hill J,
Steingrimsdottir L, et al. Different beta-casein fractions in Icelandic versus Scandinavian
cow's milk may influence diabetogenicity of cow's milk in infancy and explain low
incidence of insulin-dependent diabetes mellitus in Iceland. Pediatrics. 2000;106(4):719-
24,

50.  Verge CF, Howard NJ, Irwig L, Simpson JM, Mackerras D, Silink M.
Environmental factors in childhood IDDM. A population-based, case-control study.
Diabetes Care. 1994;17(12):1381-9.

51.  Visalli N, Sebastiani L, Adorisio E, Conte A, De Cicco AL, D'Elia R, et al.
Environmental risk factors for type 1 diabetes in Rome and province. Archives of
Disease in Childhood. 2003;88(8):695-8.

27



Review B observational #TIDM V1.6 29" March 2016
FSA Systematic Review FS305005

52.  Wadsworth EJ, Shield JP, Hunt LP, Baum JD. A case-control study of
environmental factors associated with diabetes in the under 5s. Diabetic Medicine.
1997;14(5):390-6.

53.  Griebler U, Bruckmuller MU, Kien C, Dieminger B, Meidlinger B, Seper K, et al.
Health effects of cow's milk consumption in infants up to 3 years of age: a systematic
review and meta-analysis. Public Health Nutr. 2016;19(2):293-307.

28



