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ABSTRACT

Background: In Norway, cod liver oil is an important source of
dietary vitamin D and the long-chain n—3 fatty acids eicosapen-
taenoic acid and docosahexaenoic acid, al of which have biolog-
ical properties of potentia relevance for the prevention of type 1
diabetes.

Objective: The main objective was to investigate whether the use
of dietary cod liver oil or other vitamin D supplements, either by
the mother during pregnancy or by the child during the first year
of life, is associated with a lower risk of type 1 diabetes among
children.

Design: We designed a nationwide case-control study in Norway
with 545 cases of childhood-onset type 1 diabetes and 1668
population control subjects. Families were contacted by mail, and
they completed a questionnaire on the frequency of use of cod liver
oil and other vitamin D supplements and other relevant factors.
Results: Use of cod liver il in the first year of life was associated
with a significantly lower risk of type 1 diabetes (adjusted odds
ratio: 0.74; 95% CI: 0.56, 0.99). Use of other vitamin D supple-
ments during the first year of life and maternal use of cod liver oil
or other vitamin D supplements during pregnancy were not asso-
ciated with type 1 diabetes.

Conclusion: Cod liver oil may reduce the risk of type 1 diabetes,
perhaps through the antiinflammatory effects of long-chain n—3
fatty acids. Am J Clin Nutr 2003;78:1128-34.

KEY WORDS Diabetes mellitus, insulin-dependent diabetes
mellitus, diet, fatty acids, vitamin D, case-control study, popula-
tion-based study, childhood

INTRODUCTION

Type 1 diabetes is among the most prevalent chronic diseases
with onset in childhood. It results from an immune-mediated
destruction of pancreatic 8 cellsand islinked to genesinthe HLA
complex on chromosome 6p21 (1). However, genetic susceptibil-
ity is not sufficient for development of disease. Although the
environmental triggers of the disease are essentialy unknown,
early diet is among the strongest candidates, together with vird
infections (2). Many studies have investigated the role of bresst-
feeding and the timing of introduction of cow milk (2). Other
aspects of diet have adso been investigated in relation to the
development of type 1 diabetes, such as nitrosamines (3) and
ecologic relations with population-level consumption of cow milk
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(4), fat, proteins, and meat (5). A few studies have focused on
immunomodulatory effects of vitamin D, which may be relevant
in the prevention of type 1 diabetes (6). After 1,25-dihydroxyvi-
tamin D was found to prevent autoimmune diabetes in nonobese
diabetic mice, 2 epidemiologic studies showed associations be-
tween the use of vitamin D supplementsin thefirst year of lifeand
alower risk of type 1 diabetes (7, 8).

Cod liver ail is an important source of both vitamin D and
the long-chain n—3 fatty acids docosahexaenoic acid (DHA)
and eicosapentaenoic acid (EPA) in the Norwegian population
(9, 10). In Norway, dietary vitamin D supplementation is
recommended from infancy, preferably in the form of cod liver
oil (11). Long-chain n—3 fatty acids are incorporated into cell
membranes and have antiinflammatory properties that may be
relevant for the prevention of type 1 diabetes, such as de-
creased expression of HLA class Il molecules on activated
human monocytes (12) and reduced expression of interleukin
18 (13). The long-chain n—3 fatty acids play an important role
in eicosanoid metabolism, and there is evidence for aberrant
prostaglandin metabolism in children with type 1 diabetes (14,
15). Together, these data suggest that the antiinflammatory
n—3 fatty acids such as DHA and EPA may reduce the risk of
disease development. The n—3 fatty acid and vitamin D status
of a newborn depend on that of the mother during pregnancy
(16, 17). We conducted a pilot case-control study to test the
hypothesis that cod liver oil, taken either by the mother during
pregnancy or by the child during the first year of life, is
associated with a lower risk of type 1 diabetes among children
(18). We have now conducted a much larger case-control
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study, with cases of type 1 diabetes of more recent onset. Asan
additional improvement over the previous study, we aso col-
lected information on the frequency of use and the age at start
of supplementation in the first year of life.

The main objective of the present study was to test the
hypothesis that the use of cod liver oil or other vitamin D
supplements, either by the mother during pregnancy or by the
child during thefirst year of life, is associated with alower risk
of type 1 diabetes among children. Secondary objectives were
to estimate the associations of duration of exclusive breastfeed-
ing, age at introduction of solid foods, maternal education, and
maternal smoking during pregnancy with the risk of childhood-
onset type 1 diabetes.

SUBJECTS AND METHODS

All new cases of type 1 diabetes diagnosed in children aged
< 15y have been prospectively registered in Norway since 1989
with a high degree of ascertainment with the use of the EURO-
DIAB criteria (19). On the basis of the results of a pilot study
conducted in one county of Norway (18), we designed a nation-
wide case-control study of type 1 diabetes, excluding anyone who
was part of the pilot study. All children in the diabetes registry
with a date of diagnosis between 1997 and 2000 and who were
born between 1 January 1985 and 31 December 1999 (n = 801)
were digible for the study. Additionally, 3000 randomly selected
control children from the national population registry who were
born in the same time period were digible. In Norway, the
national population registry includes the name, date of birth,
unique persond identification number, and address of residence of
all inhabitants, and al inhabitants are legally required to report to
the national population registry within 8 d of changing residence.
During the fal of 2001, the families of dl €ligible children were
mailed awritten explanation of the purpose of the study, a consent
form to be signed by the participants and their parents or guard-
ians, and a 4-page questionnaire. The questionnaire focused on
environment and diet during early childhood and during the preg-
nancy with the index child. Of all eigible children, 53 cases and
33 controls had moved without notifying the population registry
and could not be contacted; 203 dligible cases and 1299 digible
controls did not return the questionnaire. This left 545 cases (73%
response) and 1668 controls (56% response) in the study. The
response was smilar in al 19 counties of Norway and for boys
and girls. There was a dightly lower response among the very
youngest and the very oldest, but no single 1-y age group had a
< 50% response rate. Questionnaires returned by mail were op-
tically scanned and checked for possible errors before data anal-
ysis. Written informed consent was obtained from al participants,
and the study was approved by the Regional Ethics Committee
and the Nationd Data Inspectorate. The mean (= SD) age a
diagnosis among the participating cases was 8.80 = 347 y.

Variables

In the questionnaire, the child with type 1 diabetes or the
control child was defined as the participant. The mothers
replied to the following questions:

“Did the participant’s mother use cod liver oil during the
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pregnancy with the participant?’

“If yes, how often?” (The precoded frequency categories for
this question were “less than once a week,” “about one to four
days per week,” and “nearly every day.”)

“Did the participant’s mother use multivitamin or mineral
supplements during the pregnancy with the participant?’

“If yes, how often?” (Precoded frequency categories were as
above.)

“If yes, what kind of multivitamin or mineral supplements
did you use?’ [The precoded categories were 3 of the most
commonly used brands of multivitamin supplements for adults
in Norway (all of which contained 5 ng vitamin D) and “other,
specify.”]

“Did the participant get cod liver oil during the first year of
life?”

“If yes, from what age?’

“If yes, how often?” (Precoded frequency categories were as
above.)

“Did the participant get a dietary supplement with vitamin D
(other than cod liver oil) during the first year of life?’

“If yes, from what age?’

“If yes, how often?” (Precoded frequency categories were as
above.)

“If yes, what kind?’ (The precoded categories were 3 of the
most commonly used brands in Norway and “other, specify.”)

Because the recommended daily dose of cod liver oil and
other supplements is specified on the bottle or box and because
of the relatively long recall period for most mothers, no at-
tempts were made to obtain information on amounts taken (the
recommended daily dose of cod liver ail is 5 mL, providing
0.6 g DHA, 0.4 g EPA, and 10 ug vitamin D). The recom-
mended dose of other vitamin D supplements for infants also
contains 10 g vitamin D. For all supplements, a frequency of
use of less than once per week was regarded as nonuse.

For information on infant feeding, the mothers were asked:

“Was the participant breastfed?’

“To what age did the participant get only breast milk and no
other food (excluding water, cod liver ail, or other vitamin D
supplements)?’

“At what age did the participant cease to receive breast
milk?’

“At what age did the child first receive solid foods?’

As a marker for socioeconomic status, we used highest
maternal education at the time of delivery of the index child.
Six precoded categories were specified (Table 1). For smoking
during pregnancy, the mothers were asked “Did the partici-
pant’s mother smoke daily or nearly daily during the pregnancy
with the participant?’ If the mothers smoked during pregnancy,
they were asked to specify whether they smoked during the
first part of the pregnancy, during the last part of pregnancy, or
during most of the pregnancy. Because very few answered that
they smoked only during the last part of the pregnancy, these
respondents were pooled with those who said they smoked
during the first part for a joint category of “during parts of
pregnancy” for the data analysis. The questionnaire also in-
cluded a section inquiring about al siblings and parents, such
astheir year of birth; whether they had diabetes; if yes, whether
they useinsulin; and the year of onset of diabetes. Materna age
at delivery (20) was calculated as the difference between the
date of birth of the participant (child) and that of his or her
mother. Information on the sex and date of birth of all partic-
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TABLE 1

Descriptive characteristics of cases with type 1 diabetes and randomly selected population control subjects in Norway

Odds ratio (95% ClI)

Cases (n = 545) Controls (n = 1668) Unadjusted Adjusted*
Age (y)? 109 = 34 93+41 — —
Male (n) 275 855 0.97 (0.80, 1.18) —
Maternal education (n)®
Compulsory 60 122 1.00 (reference) 1.00
1y of high school (10 y of schooling) 102 232 0.89 (0.61, 1.32) 0.80 (0.49, 1.30)
= 2y, work related 102 298 0.70 (0.47,1.02) 0.63 (0.39, 1.01)
Completed high school (12 y of schooling) 115 375 0.62 (0.43, 0.91) 0.65 (0.40, 1.04)
14 y of higher education 118 458 0.52 (0.36, 0.76) 0.69 (0.43, 1.12)
> 4y of higher education 37 160 0.47 (0.29, 0.75) 0.60 (0.32, 1.10)
P for trend* < 0.001 0.11
Maternal smoking in pregnancy (n)®
None 374 1224 1.00 (reference) 1.00
During parts of pregnancy 43 111 1.27(0.88, 1.84) 1.20(0.76, 1.90)
During most of pregnancy 121 314 1.26 (0.99, 1.60) 1.07 (0.78, 1.45)
P for trend 0.04 0.61
Breastfeeding (n)®
None 38 7 1.86 (1.23, 2.81) 1.45(0.83,2.51)
Exclusive breastfeeding 0.5-3 mo 226 558 1.53(1.24, 1.88) 1.70 (1.24, 2.34)
Exclusive breastfeeding 3.5-6 mo 241 908 1.00 (reference) 1.00
Exclusive breastfeeding > 6 mo 22 85 0.98 (0.60, 1.59) 0.77 (0.40, 1.49)
P for trend < 0.001 0.004
Maternal age at delivery (y)’
<25y 151 411 1.09 (0.86, 1.40) 0.91(0.67, 1.23)
25299y 207 616 1.00 (reference) 1.00
30344y 121 446 0.81(0.63, 1.04) 0.93(0.68, 1.27)
=35y 61 175 1.04 (0.75, 1.45) 1.35(0.90, 2.04)
P for trend 0.07 0.30
Introduction of solid foods (n)®
=3mo 119 318 1.00 (reference) 1.00
3.5-4.9 mo 263 817 0.86 (0.67, 1.11) 1.31(0.92, 1.88)
=5mo 135 466 0.77 (0.58, 1.03) 1.45(0.95, 2.21)
P for trend 0.08 0.12
No. of siblings (including half siblings) (n)°
0 30 120 1.00 (reference) 1.00
1 223 622 1.43 (0.93, 2.20) 1.09 (0.64, 1.85)
=2 292 926 1.26 (0.83,1.92) 0.88(0.52, 1.48)
P for trend 0.75 0.14
Sibling or parent with type 1 diabetes (n)
Yes 60 28 7.25(4.58, 11.5) 6.32(3.61, 11.1)
No 485 1640 1.00 (reference) 1.00

1 Adjusted for all variables in the table plus maternal use of supplements during pregnancy and child’s use of supplements during the first year of life.

2% = SD. Age at time of data collection.

3 At time of birth of the index child. Compulsory is 9 y. Work-related education is after compulsory. Higher education is university or college. Data
were missing for 11 cases and 23 controls. Coded as a continuous variable (1, 2, . . . 6).

4 Tests for trend are Wald's test in logistic models.
5 Data were missing for 7 cases and 19 controls. Coded as 0, 1, 2.

© Coded as the mean among the controls in each category (0, 2.2, 4.8, and 8.5 mo).
” Data were missing for 5 cases and 20 controls. Coded as a continuous variable.
8 Data were missing for 28 cases and 67 controls. Most Norwegian infants receive porridge, based mostly on wheat, as their first solid foods.

Continuous variable coded as the mean among the controls in each category (2.9, 4.3, and 6.8 mo).

9 Coded as 0, 1, 2.6 (mean among the controls).

ipants was obtained from the national population registry. For
the other variables, a varying number of participants had miss-
ing data as specified in the footnotes to the tables.

Statistical analysis

For our prestudy power calculations, we estimated that we
would recruit 600 cases and 1800 controls. On the basis of our

pilot study, which indicated a prevalence of maternal use of
cod liver oil during pregnancy of 17% and a prevalence of use
of cod liver oil during the first year of life of 34%, we
calculated that we would have = 84% power to detect a sig-
nificant association in the present study if the true oddsratio for
maternal use of cod liver oil was = 0.67. For children’s use of
cod liver ail, the corresponding power was 97%. If the true
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TABLE 2
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Maternal use of cod liver oil and other dietary vitamin D supplements during pregnancy among cases of type 1 diabetes and randomly selected control

subjects in Norway

Odds ratio (95% ClI)

Cases (n = 545) Controls (n = 1668) Unadjusted Adjusted*
Maternal use of cod liver oil (n)
No 400 1206 1.00 (reference) 1.00 (reference)
Yes, 1-4 times'wk? 39 132 0.89 (0.61, 1.30) 1.14(0.72, 1.82)
Yes, = 5 times/wk? 60 237 0.76 (0.56, 1.04) 1.00 (0.74, 1.55)
P for trend® 0.07 0.89
Materna use of other vitamin D
supplements (n)
No 299 914 1.00 (reference) 1.00 (reference)
Yes, 1-4 times/wk* 62 220 0.86 (0.63, 1.18) 1.09 (0.77, 1.56)
Yes, = 5 times/wk* 116 400 0.89 (0.69, 1.13) 0.98(0.73, 1.31)
P for trend® 0.28 0.94

1 Adjusted for maternal use of other vitamin D supplements (or maternal use of cod liver oil) during pregnancy, child's use of cod liver oil or other
vitamin D supplements during the first year of life, duration of exclusive breastfeeding, child’'s age at introduction of solid foods, maternal education,
maternal smoking during pregnancy, maternal age at delivery, child’s number of siblings, type 1 diabetes among child’ s siblings or parents, and the child’s

age and sex.
2 Data were missing for 46 cases and 93 control subjects.

3 Logistic regression model with dietary supplement use entered as a continuous variable coded as 0, 1, 2.

4 Data were missing for 68 cases and 134 control subjects.

odds ratio were = 0.50, we had > 95% power to detect sig-
nificant associations in the present study, even for dietary
supplements used by < 10% of the population. All power
calculations were based on two-sided tests and 5% significance
levels. All data analyses were done by using SPSS, version 11
(SPSS Inc, Chicago).

Odds ratios with 95% Cls were estimated by using logistic
regression with type 1 diabetes as the dependent variable. We
decided before the study that all of the variables listed in the
section above would be included in adjusted analyses, regard-
less of statistical significance. We investigated whether the
associations were of similar magnitude for different sexes and
age groups by stratified analysis and by testing the respective
two-way interaction terms in the logistic regression models
(21). Continuous variables were categorized and checked for
logit-linearity as were categorical variables with > 2 catego-
ries, such as maternal education. Cutoffs for categorization of
continuous variables were based on the distribution among the
control subjects and were decided on before the associations
with type 1 diabetes were analyzed. Maternal education fitted
a logit-linear dose-response pattern in the regression models
when coded 1, 2, . .. 6 for the 6 levels (see Table 1), whereas
the other variables were entered as dummy variables, allowing
for nonlinear relations. Age at data collection was entered with
5 categories (< 5, 5-7.9, 8-10.9, 11-139, and =14 y). P
values < 0.05 or 95% Cls not overlapping the null value 1.00
for the odds ratio were regarded as statistically significant.

RESULTS

In the unadjusted analyses, there was a significant relation
between longer duration of exclusive breastfeeding and lower
risk of type 1 diabetes and between higher maternal education
and lower risk of type 1 diabetes (Table 1). These relations
persisted after adjustment for potential confounders, athough
the clear dose-response relation with maternal education was

less pronounced and not significant. Smoking during preg-
nancy tended to be more common among the mothers of cases
than among the mothers of controls, but there was no associ-
ation after adjustment for potential confounders (Table 1).
There was no clear association between type 1 diabetes and age
at introduction of solid foods, maternal age at delivery, or
number of siblings (Table 1). As expected, type 1 diabetes
among at least one sibling or parent was related to a much
higher risk of type 1 diabetes.

There was no clear association between maternal use of cod
liver oil or other vitamin D—containing supplements during
pregnancy and type 1 diabetes among children, in either the
unadjusted or the adjusted analyses (Table 2). In contrast, use
of cod liver oil during the first year of life was associated with
asignificantly lower risk of type 1 diabetes, even after adjust-
ment for a large number of potential confounders, such as
duration of breastfeeding, age at introduction of solid foods,
maternal education, maternal age at delivery, and history of
diabetes in the family (Table 3). The dose-response patterns
with frequency of use and age at start were not particularly
Clear.

Use of other vitamin D supplements in the first year of life
tended to be somewhat more common among cases than among
controls (Table 3), but the association was not significant, and
the suggestive association disappeared in the adjusted analyses.
Nearly all participants who had used other vitamin D supple-
ments had used 1 of 3 common multivitamin preparations, and
the distribution of specific type of supplements was similar
among the cases and controls (data not shown).

The association of risk of diabetes with use of cod liver oil
during the first year of life was somewhat stronger among girls
than among boys, and the association with breastfeeding was
dlightly stronger among boys than among girls; however, these
interactions with sex were not significant (P = 0.07 and P =
0.06, respectively). Otherwise, all associations were similar
among boys and girls and in different age groups (data not
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TABLE 3

Use of cod liver oil and other dietary vitamin D supplements during the first year of life among cases of type 1 diabetes and randomly selected control

subjects in Norway

Odds ratio (95% ClI)

Cases (n = 545) Controls (n = 1668) Unadjusted Adjusted*
Use of cod liver ail (n)
No 318 834 1.00 (reference) 1.00 (reference)
Yes, 1-4 times'wk? 60 224 0.70 (0.51, 0.96) 0.81 (0.55, 1.19)
Yes, = 5 times/wk? 137 553 0.65 (0.52, 0.82) 0.74 (0.56, 0.99)
P for trend® < 0.001 0.04
No 318 834 1.00 (reference) 1.00 (reference)
Yes, start age 7-12 mo* 21 118 0.47 (0.29, 0.76) 0.55(0.31, 0.96)
Yes, start age 0-6 mo* 167 640 0.68 (0.55, 0.85) 0.80 (0.61, 1.06)
Likelihood ratio test < 0.001 0.06
Use of other vitamin D supplements (n)
No 171 628 1.00 (reference) 1.00 (reference)
Yes, 1-4 times/wk® 76 248 1.13(0.83, 1.53) 0.99 (0.69, 1.42)
Yes, = 5 times/wk® 235 693 1.25(0.99, 1.56) 0.97 (0.73, 1.29)
P for trend® 0.06 0.86
No 171 628 1.00 (reference) 1.00 (reference)
Yes, start age 7-12 mo® 57 164 1.28 (0.90, 1.80) 0.98 (0.65, 1.49)
Yes, start age 0-6 mo® 236 709 1.22(0.98, 1.53) 1.02 (0.77, 1.35)
P for trend® 0.08 0.88

1 Adjusted for maternal use of cod liver oil or other vitamin D supplements during pregnancy, child’s use of other vitamin D supplements (or child's
use of cod liver oil) during the first year of life, duration of exclusive breastfeeding, child’s age at introduction of solid foods, maternal education, maternal
smoking during pregnancy, maternal age at delivery, child’s number of siblings, type 1 diabetes among child’s siblings or parents, and the child’s age and

SEX.
2 Data were missing for 30 cases and 57 control subjects.

3 Logistic regression model with dietary supplement use entered as a continuous variable coded as 0, 1, 2.

4 Data were missing for 39 cases and 76 control subjects.
5 Data were missing for 63 cases and 99 control subjects.
6 Data were missing for 81 cases and 167 control subjects.

shown). Also, after adjustment for only subsets of the adjust-
ment variables, the results were essentially unchanged. Be-
cause only 9 cases of type 1 diabetes were included from
Vest-Agder county, the county where we did our pilot study, a
meaningful subgroup analysis of this county could not be done.
However, further adjustment for county of residence in the
regression model did not influence the results (data not shown).

DISCUSSION

The main finding of this study was that use of cod liver ail
during the first year of life was associated with a lower risk of
type 1 diabetes. Except for our earlier pilot study (18), the
present study is the first to evaluate the effect of intake of cod
liver oil or long-chain n—3 fatty acids on risk of type 1 diabetes
in humans. In the pilot study, a moderately strong but nonsig-
nificant association was shown between use of cod liver oil in
the first year of life and risk of type 1 diabetes, which is
consistent with the results of present study. The relatively
strong association between maternal use of cod liver oil during
pregnancy and lower risk of type 1 diabetes in the pilot study
(18) was not reproduced in the present study. The reason for
the conflicting results is not known. Lack of power should not
be the problem in the present study, although the number of
cases from the pilot county included in the present study was
too small for meaningful subgroup analysis. However, because
the results were similar after adjustment for county of resi-

dence, it is unlikely that possible differences in background
diet between counties explain our present findings.

One Norwegian study found a lower incidence of type 1
diabetes in fishery municipalities than in the rest of the country
(22), compatible with a protective effect of marine fatty acids,
although ecologic studies must be interpreted with caution.
Long-chain fatty acids have been shown to reduce the risk of
chemically induced diabetes in experimental animals (23) and
to induce changes in Th1-Th2 balance in the gut-associated
immune system but not in the pancreas of BB rats (24). Other
studies using animal models found essential fatty acid defi-
ciency to reduce the risk of diabetes (25). Under any circum-
stance, it is difficult to generaize the results from animal
models to human disease (26).

Strengths and limitations of the present study

A major strength of the present study is that it was a large
population-based study and the use of cod liver oil, which has
adistinct taste and smell, is relatively easy to recall. However,
although we adjusted for severa potentia confounders, we
cannot rule out the possibility of unmeasured confounding
factors. With the use of a case-control design with question-
naire data, there is always the possibility of recall bias, but the
direction of such possible biasis not obvious. We would expect
that any such bias would be similar for maternal use of sup-
plements and for use of other vitamin D supplements by
children. The lack of significant association for these other
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factorsisthus an argument against recall bias as an explanation
for our main finding. Furthermore, the possible relation be-
tween cod liver oil or vitamin D supplements and type 1
diabetes is not known by the public, and there is usualy no
particular focus on these dietary factors in the treatment of
childhood-onset type 1 diabetes.

Wedid not have access to blood samples for measurement of
biomarkers of n—3 fatty acids or of vitamin D status among the
participants in the present study. A few small studies found
lower n—3 fatty acids status (27) and lower serum concentra-
tions of 25-dihydroxyvitamin D5 (28, 29) in patients with type
1 diabetes than in healthy control children, although the results
of other studies do not support the latter finding (30). However,
biomarkers of exposure are problematic in case-control studies
because they may be affected by the disease or by the treat-
ment. Cod liver oil is an important source of both vitamin D (9)
and the long-chain n—3 fatty acids EPA and DHA in the
Norwegian population (10). A daily dose of cod liver ail
contributes 0.6 g DHA and 0.4 g EPA. Although there are a
few other sources of these fatty acids in the diet, such as fatty
fish, those who regularly use cod liver oil have, on average, a
much higher dietary intake of DHA and EPA than do those
who do not use cod liver oil (10). The same argument applies
to vitamin D. The normal diets of adultsin Norway contain an
average of about one-half to one-third of the recommended
daily intake of vitamin D, depending on age group (9). The diet
of unsupplemented Norwegian children aged 01y islikely to
be even lower in vitamin D, particularly if the child is exclu-
sively breastfed. A complicating factor isthat vitamin D isalso
produced in the skin as a result of sun exposure (31). In the
future, biomarkers should be used to investigate the relations
between n—3 fatty acids or vitamin D and the risk of devel-
oping islet autoimmunity or type 1 diabetes in some of the
ongoing prospective studies among children at geneticaly in-
creased risk of type 1 diabetes (32).

We focused on exposure in utero and during the first year of
life. We thought this would help to avoid confusion of different
periods in the child’s life and would be easier for the mothers
to recall. Some children were only 1y old at the time of data
collection, and these time windows roughly correspond to the
concept that potential environmental factors influencing the
pathogenesis of type 1 diabetes may operate early in life (33).
However, cod liver oil or other vitamin D supplements may
well play arole after the first year of life as well. Our decision
to regard those who started using cod liver oil or other supple-
ments at age 13 mo or later as nonusers probably led to an
attenuation of the observed association. Previous findings of an
association between use of vitamin D supplements (other than
cod liver oil) in the first year of life and alower risk of type 1
diabetes (7, 8) were not supported by the present study. The
reasons for this difference are not known, but it may in part be
explained by differencesin study design and in customs for use
and recall of vitamin D supplements in different populations.
As discussed in our previous paper (18), some data indicate
that intake or bioavailability of vitamin D may be higher from
cod liver oil than from other supplements, at least for maternal
supplementation during pregnancy.

Possible explanations of the main finding

Because there was no association between risk of type 1
diabetes and use of other vitamin D supplements, our data
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support a possible effect of the long-chain n—3 fatty acids EPA
and DHA, at least in the range of doses used in the Norwegian
population. These fatty acids may influence gene expression,
have antiinflammatory effects, and have been shown to be
relevant in the prevention and treatment of several chronic
diseases (34). The long-chain n—3 fatty acids participate in
eicosanoid metabolism. Chase et a (14) found indications of
changes in prostaglandin synthesis in children with type 1
diabetes. Litherland et al (15) reported an increased expression
of prostaglandin synthase 2 (also known as COX-2) on acti-
vated monocytes of persons with type 1 diabetes. The aberrant
prostaglandin metabolism was also present among nondiabetic
subjects at genetically increased risk of type 1 diabetes who
were positive for islet cell autoantibodies (15). This suggests
that the defect in prostaglandin metabolism causes an increased
risk of type 1 diabetes. DHA and EPA may act as inhibitors of
prostaglandin synthase 2 (35). Our main finding may be ex-
plained by this pathway or other antiinflammatory effects (12,
13) of EPA and DHA. Such antiinflammatory effects may be of
particular importance in the pancreas and perhaps aso in the
gut (36).

There is an ongoing debate as to whether the association
between longer duration of breastfeeding and lower risk of type
1 diabetes found in many studies can be explained by recall
bias (37). The fact that breast milk, as opposed to most infant
formulas, contains some n—3 fatty acids (38) is one possible
and novel explanation for the relation.

Conclusion

We found a significant association between the use of cod
liver oil during the first year of life and a lower risk of type 1
diabetes, suggesting that cod liver oil may reduce the risk of
type 1 diabetes, perhaps through the effects of long-chain n—3
fatty acids. If our results are corroborated in prospective studies
with genetically high-risk persons or persons with autoantibod-
ies predictive of type 1 diabetes, cod liver oil or individual fatty
acids such as DHA may be candidates for preventive interven-
tion trials. & |

GJwas responsible for the Norwegian Childhood Diabetes Registry, and
al members of the Norwegian Childhood Diabetes Study Group (listed
below) participated in the registration of new-onset cases of type 1 diabe-
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GJ. The funding sources had no involvement in study design, data collec-
tion, analysis, or interpretation and no involvement in writing the manu-
script or deciding to submit it for publication.
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