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Background: This study explores associations of maternal organic food
consumption and diet quality during pregnancy with pediatric-onset
inflammatory bowel disease (IBD) risk in offspring, including Crohn'’s disease
(CD) and ulcerative colitis (UC).

Methods: Pregnant mothers and their offspring were enrolled in the Danish
National Birth Cohort, a nationwide prospective cohort study, in 1996-2002.
In gestational week 30, telephone interviews assessed overall maternal organic
food consumption during pregnancy. In gestational week 25, a food frequency
questionnaire assessed maternal diet during the previous 4 weeks, including six
different organic food types (eggs, dairy, meat, fruit, vegetables, and cereals).
A Healthy Eating Index evaluated maternal diet quality based on adherence to
Danish official dietary guidelines. Offspring with pediatric-onset IBD (<18 years)
were identified in national patient registries. Cox regression explored associations
of maternal organic food consumption and diet quality during pregnancy with
offspring’s risk of pediatric-onset IBD, CD, and UC.

Results: The study included 60,274 singleton mother—child pairs, of which
168 children developed pediatric-onset IBD. Frequent maternal organic food
consumption during pregnancy was not significantly associated with offspring’s
IBD risk (HR: 0.63; 95% CIl: 0.33-1.19). However, frequent organic food
consumption during pregnancy, particularly organic eggs and dairy, lowered
offspring’s risk of CD (HR: 0.40; 95% CI: 0.17-0.94), but not UC (HR: 1.11; 95%
Cl: 041-3.00). Maternal diet quality during pregnancy was not significantly
associated with offspring’s risk of IBD (HR: 0.99; 95% CI: 0.97-1.01), CD, and UC.

Conclusion: In this large prospective cohort study, we show that maternal
organic food consumption, particularly eggs and dairy, during pregnancy may
lower offspring’s risk of pediatric-onset CD, but not UC.
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1 Introduction

Inflammatory bowel disease (IBD) is an immune-mediated
disease characterized by chronic intestinal inflammation. The disease,
with its two subtypes Crohn’s disease (CD) and ulcerative colitis (UC),
affects millions of people worldwide (1). Approximately 25% of
patients are diagnosed in childhood, and Denmark is among the top
three countries with the highest incidence of pediatric-onset IBD
globally (2). The disease incidence increased drastically during recent
decades (1, 2), particularly in newly industrialized areas that have
adopted a Western lifestyle (1, 2). This indicates that IBD is caused not
only by genetics, but also by environmental factors, such as urban
living, pollution, antibiotic consumption, smoking, and physical
activity, which may vary depending on the disease subtype (3, 4).
Furthermore, maternal diet during pregnancy may influence IBD
development in offspring, as suggested primarily by experimental
studies with pregnant mice (5). In a Norwegian cohort study, Guo
et al. (6) recently observed that a higher diet diversity, but not diet
quality, in pregnancy decreased offspring’s risk of IBD, specifically
UC. This has not been investigated or confirmed by others.

Organic foods are produced under regulations by the European
Union with the aim of protecting the environment and biodiversity
through limited use of matters such as pesticides, antibiotics, and
synthetic food additives (7). Due to the reduced exposure to these
components, frequent organic food consumption during pregnancy
might protect the offspring against IBD. This is supported by animal
studies, which demonstrated that prenatal exposure to pesticides like
chlorpyrifos and nitenpyram induced gut microbiota dysbiosis and
intestinal barrier damage, in both mothers and offspring (8, 9).
Maternal consumption of synthetic food additives, such as the
emulsifier polysorbate-80, had similar effects in offspring (10).
Additionally, a meta-analysis of observational studies involving
human participants identified an association between maternal
antibiotic use during pregnancy and offspring’s long-term
susceptibility to IBD (11). However, no studies have yet examined the
link between maternal organic food consumption during pregnancy
and the risk of IBD in offspring.

Consumers of organic foods are often motivated by their potential
health benefits and tend to follow a healthier diet compared to the
general population (12, 13). Given the interrelatedness between
frequent organic food consumption and a healthy dietary pattern, it is
imperative to analyze these dietary habits together to limit
confounding. A Healthy Eating Index has been developed to measure
the presumed healthiness of a person’s diet, using a scoring system that
reflects the degree of adherence to country-specific official dietary
guidelines (14). In Denmark, these guidelines consist of seven
recommendations for achieving a high-quality diet to prevent
nutritional deficiencies and lifestyle-related diseases (15). This is
particularly important during pregnancy because of the crucial role of
maternal nutrition in fetal growth and development (16).

Therefore, we aimed to use unique maternal dietary data from the
Danish National Birth Cohort (DNBC) in combination with
nationwide health data to investigate the association between organic
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food consumption during pregnancy and the risk of pediatric-onset
IBD in offspring, taking diet quality into account using the Healthy
Eating Index. We also analyzed this association for six different types
of organic foods, including eggs, dairy, meat, fruits, vegetables, and
cereals. Furthermore, as CD and UC have distinct etiologies, analyses
were repeated where the two disease subtypes were studied separately.

2 Materials and methods
2.1 Study design and participants

The DNBC is a prospective nationwide cohort study of early life
exposures and their long-term effects on disease susceptibility (17).
General practitioners across Denmark recruited pregnant mothers
between January 1996 and October 2002. Subsequently, mothers and
their children were followed long-term, both in interviews,
questionnaires, and by linkage with medical information from
national patient registries.

All pregnant mothers speaking Danish and planning to carry to
term were eligible for inclusion in the DNBC. The current study
included all singleton mother—child pairs from the DNBC, where the
mother responded to (1) the telephone interview in gestational week
30, including its single question about overall organic food
consumption and (2) the food frequency questionnaire in gestational
week 25 with plausible self-reported energy intakes (2,500-25,000 kJ/
day), including its six questions about consumption of different
organic food types. In addition, mother—child pairs were excluded if
the child’s information was missing from national patient registries.

Children with pediatric-onset IBD were identified in Danish
national patient registries and defined as >2 IBD hospital contacts
within 2 years, consisting of inpatient contacts only or a combination
of inpatient and outpatient contacts (18). Analyses were restricted to
the children aged <18 years at the time of their first hospital contact.
Another outcome of interest was the IBD subtype, determined using
ICD-10 codes associated with the contacts. The disease subtype was
classified as CD when both CD (ICD-10: DK50) and UC (ICD-10:
DKS51) were recorded.

2.2 Maternal dietary intake

Data collection is described elsewhere (17). In short, computer-
assisted telephone interviews in gestational weeks 12 and 30, plus 6
and 18 months post-delivery, collected information on the
characteristics of mothers and their children. The interview in
gestational week 30 included a question about the maternal frequency
of overall organic food consumption, with the four response options:
“never; “rarely; “sometimes,” and “frequently” Furthermore, a
validated semi-quantitative food frequency questionnaire was mailed
to the mothers in gestational week 25 to assess their consumption of
>360 foods during the previous 4 weeks (17). The questionnaire also
included questions about the frequency of organic food consumption,
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divided into the six food groups: eggs, dairy, meat, fruit, vegetables,
and cereals, with the four response options: “never;” “sometimes,”
“frequently;” and “always” The variables were modeled as binary with
the levels low and high frequency of consumption by combining
responses “never” and “sometimes” as well as “frequently” and
“always”

Maternal diet quality was assessed with a Healthy Eating Index
(14) using data on maternal food and nutrient intake during
pregnancy, which were calculated from responses to the food
frequency questionnaire as previously described (17). The Healthy
Eating Index is a measure of the adherence to Danish official dietary
guidelines (15, 19), ranging from 0 to 80, with higher scores reflecting
a higher diet quality. The total index score is the sum of individual
scores from 0 to 10 for eight dietary components, comprising three
adequate (fruit and vegetables, dietary fiber, fish) and five moderation
(meat, saturated fatty acids, sodium, soft drinks, added sugar)
components. Higher scores were given with higher intakes of the
adequate components and lower intakes of the moderation
components. A description of scoring criteria used for each
component is found in Supplementary Table 1.

2.3 Assessment of covariates

The telephone interviews collected information on maternal
alcohol consumption during pregnancy (yes, no), maternal smoking
during pregnancy (yes, no), maternal nutritional supplement use
during pregnancy (yes, no), and breastfeeding duration (days).
Maternal pre-pregnancy weight (kg) and height (cm) were assessed to
calculate maternal pre-pregnancy body mass index (kg/m?). The
interviews also assessed maternal occupation, which was classified
according to the International Standard Classification of Education
2011 to determine maternal educational level (higher, medium,
lower). International Standard Classification of Education 2011 levels
0-2 corresponded to lower education, 3-4 to medium education, and
5-8 to higher education (20). Information on maternal age at
childbirth (years), maternal antibiotics use during pregnancy (0
courses, 1-2 courses, >3 courses), parental IBD diagnosis (yes, no),
offspring’s sex (boy, girl), offspring’s antibiotics use during the first
year of life (yes, no), and premature delivery (yes, no) was obtained
from national patient registries. Maternal energy intake (M]/day) was
derived from nutrient calculations, as described elsewhere (13).

2.4 Statistical analysis

R was used for all statistical analyses at the significance level
a=0.05. Baseline characteristics were compared according to
maternal organic food consumption during pregnancy using Kruskal-
Wallis test for continuous variables and X test for categorical variables.

Pediatric-onset IBD in offspring was ascertained from the date of
birth until the date of diagnosis, death, emigration, or 18th birthday,
whichever occurred first. In primary analysis, we used the Cox
proportional hazards model to explore the association between
maternal overall organic food consumption during pregnancy and
offspring’s risk of pediatric-onset IBD, using “never” as the reference.
The variable was also modeled as a continuous variable to test for
linear trend. In sensitivity analysis, we accounted for siblings within
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the cohort by only including the firstborn sibling in case the mother
participated in the DNBC with more than one pregnancy.

Secondary analyses investigated the association between maternal
diet quality during pregnancy and risk of pediatric-onset IBD in
offspring, with the Healthy Eating Index modeled as a continuous
variable. Furthermore, we also explored the association between
maternal consumption of six different organic food groups (eggs,
dairy, meat, fruit, vegetables, and cereals) and offspring’s risk of
pediatric-onset IBD, using “low” consumption as the reference.
Subgroup analysis explored associations for CD and UC separately.
The proportional hazards assumption was tested for violation using
the Schoenfeld residuals test, showing that none of the analyses
violated the assumption (all p > 0.05).

Results were presented as hazard ratios (HR) with corresponding
95% confidence intervals (CIs) from unadjusted and adjusted analyses.
All analyses were adjusted for the following covariates: maternal
educational level, maternal pre-pregnancy body mass index, maternal
smoking during pregnancy, maternal nutritional supplement use
during pregnancy, maternal antibiotics use during pregnancy, and
parental IBD diagnosis. Additionally, analyses of organic food
consumption were further adjusted for diet quality. Covariates were
selected a priori from the current knowledge about IBD risk factors
and their associations with diet (3). Those with missing data on
selected covariates were excluded, and their proportion was reported.

2.5 Ethical statement

The mothers who decided to participate in the DNBC gave written
informed consent for themselves and their children. The DNBC was
approved by the National Committee on Health Research Ethics in
Denmark (ref. no. [KF] 01-471/94) and conducted according to the
guidelines of the Declaration of Helsinki. Ethical approval is not
required for registry-based studies in Denmark. The study followed
defined by the Danish Data

the rules and regulations

Protection Agency.

3 Results

In total, 96,817 mother—child pairs were enrolled in the
DNBC. After applying eligibility criteria, the current study consisted
of 60,274 mother-child pairs (Figure 1). Supplementary Table 2 shows
the baseline characteristics of the excluded compared to the included
mother—child pairs. At the age of 18 years, 168 children had developed
pediatric-onset IBD (0.28%) with a median (IQR) age at diagnosis of
15.0 (13.5-17.0) years (Supplementary Figure 1). The number of
children with CD and UC, respectively, was 95 (0.16%) and 73
(0.12%).

Opverall, the mothers had a median (IQR) age of 30.0 (27.0-33.0)
years at birth, and 29,292 (48.6%) of the children were girls. The
mothers had a median (IQR) Healthy Eating Index score of 22.2
(17.8-27.2) (Supplementary Figure 2). Individual scores for the eight
components that comprise the Healthy Eating Index are presented in
histograms in Supplementary Figure 3. The number of mothers with
frequent organic food consumption was 13,742 (22.8%), while 22,841
(37.9%) mothers sometimes consumed them, 18,061 (30.0%) mothers
rarely consumed them, and 5,603 (9.3%) mothers never consumed
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96817 mother-child pairs enrolled in the Danish
National Birth Cohort

35027 excluded:
177 children not found in registries
4159 multiple pregnancies
7470 missing organic food consumption data

60274 mother-child pairs eligible for the current
study

A 4

168 children with IBD at 18 years:
95 with Crohn’s disease
73 with ulcerative colitis

FIGURE 1
Flow chart of the study population. IBD, inflammatory bowel disease

20093 missing food frequency questionnaire data
96 implausible energy intake
4575 missing covariate data

them. Mothers with frequent organic food consumption had higher
diet quality compared to mothers with no consumption, as reflected
by median (IQR) Healthy Eating Index scores of 25.4 (20.7-30.5)
versus 19.6 (15.6-14.3). Furthermore, they had higher consumption
of all organic food types (Table 1) and a higher daily energy intake,
were older and more educated, had a lower pre-pregnancy body mass
index, breastfed their children for longer, smoked less, drank less
alcohol, consumed fewer antibiotics, and delivered preterm less often
(Table 2).

Frequent maternal organic food consumption during pregnancy,
compared to never, did not significantly protect offspring against
pediatric-onset IBD (adjusted HR: 0.63; 95% CI: 0.33-1.19;
Preena = 0.167). However, it was associated with a 60% lower CD risk in
offspring (adjusted HR: 0.40; 95% CI: 0.17-0.94; Piena = 0.030),
whereas no association was found with offspring’s UC risk (adjusted
HR: 1.11; 95% CI: 0.41-3.00; Pyrena = 0.705) (Table 3). The results were
unchanged when analyses were restricted to firstborn children in cases
where the mother had participated in the DNBC with more than one
pregnancy (Supplementary Table 3). Moreover, higher maternal diet
quality during pregnancy was not associated with offspring’s risk of
pediatric-onset IBD (adjusted HR: 0.99; 95% CI: 0.97-1.01), CD, or
UC (Table 4).

Among the six organic food types, high compared to low
consumption of organic eggs during pregnancy was associated with a
30% lower IBD risk in offspring (adjusted HR: 0.70, 95% CI: 0.51-
0.95). This reduction was specifically attributed to a 41% lower risk of
CD (adjusted HR: 0.58; 95% CI: 0.37-0.90) but not UC (adjusted HR:
0.88; 95% CI: 0.55-1.43) (Supplementary Table 4). Similarly, high
compared to low consumption of organic dairy was associated with a
44% lower CD risk in offspring (adjusted HR: 0.56; 95% CI: 0.35-
0.90), whereas no association was found with UC risk (adjusted HR:
1.15; 95% CI: 0.70-1.88) (Supplementary Table 5). These associations
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remained significant after adjusting for potential confounders,
including maternal diet quality during pregnancy. In contrast, no
associations were found for maternal high compared to low
consumption of organic meat, fruit, vegetables, or cereals
(Supplementary Tables 6-9).

4 Discussion

This nationwide prospective cohort study with more than 60,000
mother—child pairs from Denmark provides novel insights into the
influence of maternal organic food consumption during pregnancy on
the offspring’s development of pediatric-onset IBD. Although frequent
organic food consumption did not protect the offspring against IBD,
we found that it did protect against CD specifically, but not
UC. Among the different organic food types, only eggs and dairy were
associated with a lower CD risk in offspring, whereas consumption of
organic meat, fruit, vegetables, and cereals was not associated with
offspring’s disease risk. Likewise, higher diet quality was also unrelated
to the offspring’s risk of IBD, CD, and UC.

Our findings suggest that frequent maternal organic food
consumption during pregnancy, particularly organic eggs and dairy,
may protect offspring against CD development during childhood. This
discrepancy between CD and UC may reflect differences in their
underlying pathogenesis and etiology, such as gut microbiota
dysbiosis, which is often more severe with CD than UC (21). Pesticide
residues have consistently been linked to microbiota dysbiosis (22),
and organic food consumption may help reduce exposure to these
potentially harmful compounds, as their concentrations are
approximately five times lower in organic foods compared to
conventional alternatives (23). This may benefit not only the mother
but also the offspring, given that the maternal gut microbiota
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TABLE 1 Maternal intake of different organic food groups according to overall organic food consumption during pregnancy.

Variable Total Never

Rarely

Sometimes

p-value!

Frequently

(n = 60,274)

(n =5,603)

(n = 18,061)

(n = 22,841)

(n =13,742)

Organic egg consumption? <0.001
Low, 71 (%) 32,833 (54.5%) 5,298 (94.6%) 14,596 (80.8%) 10,921 (47.8%) 2,018 (14.7%)
High, 1 (%) 27,414 (45.5%) 305 (5.4%) 3,465 (19.2%) 11,920 (52.2%) 11,724 (85.3%)

Organic dairy consumption? <0.001
Low, 71 (%) 35,908 (59.6%) 5,509 (98.3%) 16,769 (92.8%) 12,260 (53.7%) 1,370 (10.0%)
High, 1 (%) 24,339 (40.4%) 94 (1.7%) 1,292 (7.2%) 10,581 (46.3%) 12,372 (90.0%)

Organic meat consumption? <0.001
Low, 7 (%) 54,827 (91.0%) 5,557 (99.2%) 17,789 (98.5%) 21,525 (94.2%) 9,956 (72.4%)
High, 1 (%) 5,420 (9.0%) 46 (0.8%) 272 (1.5%) 1,316 (5.8%) 3,786 (27.6%)

Organic fruit consumption? <0.001
Low, 71 (%) 51,986 (86.3%) 5,548 (99.0%) 17,610 (97.5%) 20,489 (89.7%) 8,339 (60.7%)
High, n (%) 8,261 (13.7%) 55 (1.0%) 451 (2.5%) 2,352 (10.3%) 5,403 (39.3%)

Organic vegetable consumption® <0.001
Low, 71 (%) 45,830 (76.1%) 5,536 (98.8%) 17,354 (96.1%) 18,173 (79.6%) 4,767 (34.7%)
High, 1 (%) 14,417 (23.9%) 67 (1.2%) 707 (3.9%) 4,668 (20.4%) 8,975 (65.3%)

Organic cereal consumption* <0.001
Low, 1 (%) 44,642 (74.1%) 5,553 (99.1%) 17,497 (96.9%) 17,657 (77.3%) 3,935 (28.6%)
High, n (%) 15,605 (25.9%) 50 (0.9%) 564 (3.1%) 5,184 (22.7%) 9,807 (71.4%)

'Tested with X* test. *Intakes of organic food types were modeled as a binary variable (low vs. high frequency of consumption) by combining responses “never” and “sometimes” as well as

“frequently” and “always,” respectively.

influences the offspring’s gut microbiota maturation (24, 25) and the
in utero immune environment (26). Nevertheless, the absent
associations for maternal consumption of plant-based organic foods
imply a role of organic production-specific characteristics beyond
pesticide residue levels. Such characteristics may involve traces of
antibiotics, which are typically not prevalent in organic animal
products due to stricter regulations on antibiotic use in organic
livestock farming (7, 27, 28). According to a meta-analysis of five
randomized controlled trials and seven observational studies,
antibiotic use is a significant risk factor for gut microbiota dysbiosis
in children (29). Furthermore, previous observational studies have
indicated that prenatal antibiotic exposure has a stronger association
with CD than with UC development (30, 31), which also corresponds
with our findings regarding maternal organic food consumption and
its link to the offspring’s risk of CD but not UC.

Another explanation for our findings may be the potential
nutritional differences between organic and conventional foods,
especially considering that maternal nutrition is essential to fetal
immune development and gut microbiota maturation (32, 33).
These differences may include higher levels of omega-3
polyunsaturated fatty acids in organic dairy products compared to
conventional dairy products, as reported by a meta-analysis of 29
studies conducted across multiple countries (34). Similarly,
biochemical analyses have shown that organic eggs also tend to
have higher omega-3 polyunsaturated fatty acid contents than
conventionally produced eggs (35). This might be noteworthy given
the immunomodulatory properties of omega-3 polyunsaturated
fatty acids (36), which are transferred to the fetus through the
umbilical cord blood (37), and thereby, may affect susceptibility to
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immune-mediated diseases (38, 39). Nonetheless, omega-3
polyunsaturated fatty acids represent just one of several differences
between organic and conventional foods. Other examples are
improved protein profiles or higher concentrations of vitamin E,
iron, and antioxidants (40, 41), which, collectively, might have
contributed to the observed association.

Supporting our findings, previous observational studies also
found potential health benefits of organic food consumption. In
adults, frequent consumption has been linked to lower risks of chronic
diseases like obesity, type 2 diabetes, and hypertension (42).
Additionally, organic food consumption during pregnancy may lower
maternal risks of pre-eclampsia and gestational diabetes, as well as
offspring’s risks of hypospadias (43, 44) and otitis media (45).
However, evidence in the area remains limited and inconclusive,
partly because of the possibility of confounding, which may arise
because organic food consumers typically deviate from the general
population in terms of their socio-economic status and overall lifestyle
(13). This tendency was also observed in our study, where mothers
with more frequent organic food consumption generally were more
educated and exhibited healthier behaviors, including lower rates of
alcohol intake and smoking, as well as higher diet quality. As a result,
it is challenging to disentangle the specific effects of organic foods
from the broader dietary pattern and lifestyle that they are often
associated with Petersen et al., Baudry et al., and Wos et al. (13, 46, 47).
After adjusting for these potential confounders, including maternal
diet quality, offspring’s CD risk remained significantly lower, which
further supports a protective effect of maternal organic food
consumption during pregnancy. Yet, it cannot be excluded that some
residual confounding might be present from other lifestyle factors,
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TABLE 2 Baseline characteristics according to maternal organic food consumption during pregnancy.

Variable Total Never Rarely Sometimes Frequently p-value!
(n = 60,274) (n =5,603) (n =18,061) (n = 22,841) (n =13,742)

Maternal diet quality <0.001
Median (IQR) 22.2(17.8-27.2) 19.6 (15.6-14.3) 20.4 (16.3-24.9) 22.7 (18.4-27.3) 25.4(20.7-30.5)

Maternal age at birth (years) <0.001
Median (IQR) 30.0 (27.0-33.0) 28.0 (26.0-31.0) 29.0 (26.0-32.0) 30.0 (27.0-33.0) 31.0 (28.0-34.0)

Maternal educational level <0.001
Lower education, # (%) 7,325 (12.2%) 1,355 (24.2%) 2,617 (14.5%) 2,210 (9.7%) 1,143 (8.3%)
Medium education, # (%) 23,654 (39.3%) 2,746 (49.0%) 8,282 (45.9%) 8,523 (37.3%) 4,103 (29.9%)
Higher education, n (%) 29,268 (48.6%) 1,502 (26.8%) 7,162 (39.7%) 12,108 (53.0%) 8,496 (61.8%)

Maternal pre-pregnancy body mass <0.001

index (kg/m?)
Median (IQR) 22.6 (20.7-25.4) 23.5(21.2-26.8) 23.1(21.0-26.0) 22.5(20.6-25.1) 22.0 (20.3-24.3)

Maternal smoking <0.001
No, 1 (%) 50,515 (83.8%) 4,293 (76.6%) 14,639 (81.1%) 19,444 (85.1%) 12,139 (88.3%)
Yes, n (%) 9,732 (16.2%) 1,310 (23.4%) 3,422 (18.9%) 3,397 (14.9%) 1,603 (11.7%)

Maternal nutritional supplement use <0.001
No, 1 (%) 1,276 (2.1%) 187 (3.3%) 364 (2.0%) 414 (1.8%) 311 (2.3%)
Yes, 1 (%) 58,971 (97.9%) 5,416 (96.7%) 17,697 (98.0%) 22,427 (98.2%) 13,431 (97.7%)

Maternal alcohol intake <0.001
No, 1 (%) 29,790 (49.4%) 3,300 (58.9%) 9,452 (52.3%) 10,718 (46.9%) 6,320 (46.0%)
Yes, 1 (%) 30,457 (50.6%) 2,303 (41.1%) 8,609 (47.7%) 12,123 (53.1%) 7,422 (54.0%)

Maternal antibiotics use <0.001
0 courses, 1 (%) 42,239 (70.1%) 3,751 (66.9%) 12,506 (69.2%) 16,190 (70.9%) 9,792 (71.3%)
1-2 courses, 1 (%) 14,063 (23.3%) 1,461 (26.1%) 4,390 (24.3%) 5,166 (22.6%) 3,046 (22.2%)
>3 courses, 1 (%) 3,945 (6.5%) 391 (7.0%) 1,165 (6.5%) 1,485 (6.5%) 904 (6.6%)

Parental IBD 0.090
No, 1 (%) 59,549 (98.8%) 5,555 (99.1%) 17,835 (98.7%) 22,568 (98.8%) 13,591 (98.9%)
Yes, n (%) 698 (1.2%) 48 (0.9%) 226 (1.3%) 273 (1.2%) 151 (1.1%)

Maternal energy intake (M]/day) <0.001
Median (IQR) 9.8 (8.3-11.6) 9.9 (8.2-11.9) 9.7 (8.1-11.5) 9.8 (8.3-11.5) 9.9 (8.4-11.7)
Missing data 2,331 (3.9%) 176 (3.1%) 660 (3.7%) 924 (4.0%) 571 (4.2%)

Offspring sex 0.211
Girl, n (%) 29,292 (48.6%) 2,660 (47.5%) 8,747 (48.4%) 11,190 (49.0%) 6,695 (48.7%)
Boy, n (%) 30,955 (51.4%) 2,943 (52.5%) 9,314 (51.6%) 11,651 (51.0%) 7,047 (51.3%)

Offspring antibiotics use <0.001
0 courses, 1 (%) 35,490 (58.9%) 3,100 (55.3%) 10,044 (55.6%) 13,568 (59.4%) 8,778 (63.9%)
>1 courses, n (%) 24,757 (41.1%) 2,503 (44.7%) 8,017 (44.4%) 9,273 (40.6%) 4,964 (36.1%)

Breastfeeding duration” (days) <0.001
Median (IQR) 180 (134-180) 180 (90-180) 180 (120-180) 180 (150-180) 180 (180-180)
Missing data, 1 (%) 11,737 (19.5%) 1,061 (18.9%) 3,328 (18.4%) 4,476 (19.6%) 2,872 (20.9%)

Preterm delivery 0.004
No (>37 weeks), 1 (%) 57,294 (95.1%) 5,326 (95.1%) 17,213 (95.3%) 21,778 (95.3%) 12,977 (94.4%)
Yes (<37 weeks), n (%) 2,179 (3.6%) 225 (4.0%) 710 (3.9%) 805 (3.5%) 439 (3.2%)
Missing data, n (%) 774 (1.3%) 52 (0.9%) 138 (0.8%) 258 (1.1%) 326 (2.4%)

!Categorical variables were tested with X? test, and continuous variables were tested with Kruskal-Wallis test. *Truncated at 180 days. IBD, inflammatory bowel disease.
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TABLE 3 Association between maternal organic food consumption during pregnancy and the risk of pediatric-onset inflammatory bowel disease in
offspring.

Outcome Never Rarely Sometimes Frequently

(n =5,603) (n =18,061) (n = 22,841) (n =13,742)
Inflammatory bowel disease
Cases, 11 (%) 17 (0.30%) 55 (0.30%) 71 (0.31%) 25 (0.18%)
Unadjusted HR (95% CI)! Reference 1.01 (0.59-1.74) 1.04 (0.62-1.77) 0.62 (0.34-1.15) 0.109
Adjusted HR (95% CI)? Reference 0.98 (0.57-1.70) 1.03 (0.60-1.78) 0.63 (0.33-1.19) 0.167
Crohn'’s disease
Cases, 11 (%) 11 (0.20%) 34(0.19%) 39 (0.17%) 11 (0.08%)
Unadjusted HR (95% CI)! Reference 0.97 (0.50-1.91) 0.89 (0.45-1.73) 0.42 (0.18-0.98) 0.029
Adjusted HR (95% CI)? Reference 0.89 (0.45-1.76) 0.81 (0.41-1.61) 0.40 (0.17-0.94) 0.030
Ulcerative colitis
Cases, 1 (%) 6(0.11%) 21 (0.12%) 32(0.14%) 14 (0.10%)
Unadjusted HR (95% CI)" Reference 1.10 (0.44-2.71) 1.33 (0.56-3.19) 0.99 (0.38-2.57) 0.942
Adjusted HR (95% CI)* Reference 1.14 (0.46-2.83) 1.46 (0.60-3.55) 1.11 (0.41-3.00) 0.705

'Cox proportional hazards model; *Cox proportional hazards model adjusted for maternal educational level, diet quality during pregnancy, pre-pregnancy body mass index, smoking during
pregnancy, nutritional supplement use during pregnancy, antibiotics use during pregnancy, and parental inflammatory bowel disease diagnosis. *Test for linear trend by modeling maternal

organic food consumption as a continuous variable. CI, confidence interval; HR, hazard ratio.

such as physical activity, stress, and unmeasured aspects of
maternal diet.

We found no link between maternal diet quality during pregnancy;,
quantified with the Healthy Eating Index, and offspring’s risk of IBD,
including both CD and UC. This indicates that if the observed
association between organic food consumption and offspring’s CD
risk was confounded by a healthier maternal dietary pattern, it would
involve aspects beyond intakes of sugar, salt, saturated fat, dietary
fiber, and other components captured by the Healthy Eating Index.
Another explanation is that the maternal diet quality was insufficient
to exert a measurable influence on offspring’s IBD development, as
indicated by the median score of approximately 22, which is
considerably lower than the maximum of 80. This finding was
unexpected, as pregnant mothers typically are more aware of their
dietary habits (48). However, the low diet quality scores likely result
from the strict scoring criteria used to quantify the Healthy Eating
Index, where points were only awarded for full compliance with the
Danish official dietary guidelines (15). The index was based on Danish
dietary guidelines from 2017, which differ slightly from those that
were in place during the data collection period. In 1994-2005, the
applicable dietary guidelines included (1) eating plenty of bread and
cereals, (2) eating fruit and vegetables daily, (3) eating rice, pasta, or
potatoes daily, (4) eating fish and fish products often, (5) choosing
low-fat dairy products and cheese, (6) choosing lean meats and cold
cuts, (7) using only small amounts of butter, margarine, and oil, and
limiting intakes of salt and sugar (49). Although these guidelines have
been updated since, many of their core principles have remained
consistent over time. Therefore, the temporal mismatch is unlikely to
explain the low diet quality among the mothers and its lack of
association with offspring’s disease risk. In addition, using more recent
guidelines to construct the index provides a more valid and current
measure of diet quality, whereas relying on outdated dietary
recommendations could obscure meaningful associations. Moreover,
a similar birth cohort study from Norway also reported no association
between maternal diet quality and offspring’s CD and UC risk, despite
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their higher median diet quality score of 81.7 out of 130 (6). This
consistency across the two cohorts suggests that maternal diet quality
during pregnancy is not a key determinant of IBD risk in offspring,
but further research is needed to establish the exact reason for this, as
the complex relationship between maternal diet and offspring’s IBD
development remains poorly understood.

Our study has some key strengths. To our knowledge, no study
has previously investigated the role of organic food consumption in
IBD development, which highlights the importance of our findings,
especially given the rapidly growing market for organic foods with
Denmark and other Nordic countries at the forefront (50). The
analyses allowed us to capture both the broader effects of overall
organic food intake as well as the differential effects of individual
organic food types. This enhanced the specificity and interpretability
of our findings through a more nuanced understanding of maternal
organic food consumption and its impact on offspring’s IBD
development. The prospective assessment of maternal diet during
mid-pregnancy minimized the possibility of reverse causality since
information on maternal diet was obtained before the offspring
developed IBD. Another strength of the study was its population-
based design with inclusion of more than 60,000 mother—child pairs
from all over Denmark, which makes our findings applicable to the
general population. Furthermore, the Danish patient registries contain
information on all medical examinations and treatments during the
last 40 years. Using register-based data to identify offspring with an
IBD diagnosis ensured that all mother—child pairs were followed from
childbirth to the offspring’s 18th birthday, and thereby, limited
attrition bias due to follow-up losses.

The study also has some potential limitations. The possibility
of residual confounding cannot be excluded due to the
observational study design, despite collecting detailed information
on several confounders, which were thoroughly adjusted for in the
analyses. Another limitation of the study is the low number of
children with IBD, which may contribute to the large effect sizes.
Also, maternal organic food consumption was assessed with
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TABLE 4 Association between maternal diet quality during pregnancy

and the risk of pediatric-onset inflammatory bowel disease in offspring.
Outcome Cases, n Unadjusted Adjusted

HR (95%

Cl)2

0.99 (0.97-1.01)

(%) HR (95% CI)*

Inflammatory 168 (0.28%) 0.99 (0.97-1.01)

bowel disease

Crohn’s disease 95 (0.16%) 0.98 (0.95-1.01) 0.98 (0.95-1.01)

Ulcerative colitis 73 (0.12%) 1.00 (0.97-1.03) 1.01 (0.97-1.04)

'Cox proportional hazards model; 2Cox proportional hazards model adjusted for maternal
educational level, pre-pregnancy body mass index, smoking during pregnancy, nutritional
supplement use during pregnancy, antibiotics use during pregnancy, and parental
inflammatory bowel disease diagnosis. CI, confidence interval; HR, hazard ratio.

self-reported questionnaires using response options that might
be interpreted subjectively, which could lead to some degree of
subjective variability. However, because the questionnaire data was
collected before the offspring developed IBD, any misreporting is
likely non-differential concerning the outcome and would
attenuate associations toward the null rather than skew them in
either direction. Finally, foods in Denmark, including the
conventional options, generally contain low levels of pesticide
residues (51). This may help explain the absent associations
regarding maternal intakes of organic fruit, vegetables, and cereals,
as their pesticide residue levels may not deviate enough from
conventional options to markedly affect IBD development in
offspring. Therefore, different results might be shown in countries
with other regulations on permitted pesticide residue levels in food
production, but this needs further investigation to be confirmed.
Unfortunately, we did not have information on whether the
consumed foods were locally produced or imported. Although
Denmark follows common regulations for organic food production
as a member of the European Union, differences in farming
practices and country of origin may still cause variability in the
nutritional composition and pesticide residue levels of organic
foods (40). This, in turn, could have introduced some degree of
variation in exposure levels among organic food consumers,
potentially influencing our findings.

In conclusion, this nationwide prospective cohort study of
more than 60,000 mother—child pairs from Denmark found no
association between maternal organic food consumption during
pregnancy and offspring’s risk of pediatric-onset IBD. However, a
60% lower risk of CD was observed among offspring whose
mothers had frequent organic food consumption during pregnancy,
particularly organic eggs and dairy, whereas no association was
found with the risk of UC. Furthermore, maternal consumption of
organic meat, fruit, vegetables, and cereals was not associated with
disease risk in offspring. Likewise, maternal diet quality was also
unrelated to the offspring’s disease risk, suggesting that the
protective effect of organic eggs and dairy was unlikely to
be explained by confounding from a higher diet quality among the
frequent organic food consumers. To our knowledge, this study was
the first to examine the relationship between maternal organic food
consumption and IBD in offspring, which highlights the
importance of its findings given the rapidly growing market for
organic foods worldwide. Nevertheless, further research is needed
to elucidate the mechanisms underlying these observed
associations, as knowledge about the complex relationship between
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maternal diet during pregnancy and IBD development in offspring
remains scarce.
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