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Abstract

Background: Low-grade inflammation in early childhood might protect from allergic
diseases later in life. Our aim was to examine the effects of different environmental
factors on low-grade inflammation measured with serum high-sensitivity C-reactive
protein (hsCRP) at the age of 4.5 years.

Methods: The high-sensitivity CRP values (n = 653) and serum-specific IgE concen-
trations were measured from 4.5-year-old children in rural areas in five European
countries (Austria, Finland, France, Germany, and Switzerland). Children belonged
to the prospective multi-center PASTURE birth cohort. Data on early and current
farming environment and domestic animal exposure were collected by question-
naires.

Results: Females as well as obese or very obese children at age of 4.5 years had
higher hsCRP values than males (aOR 1.84 95% CI 1.27-2.66) and healthy weight
children (aOR 4.47 95% CI 1.94-10.31), respectively. Levels were lowest in the sum-
mer. Few associations were detected between hsCRP values and farm environmental
factors or atopic sensitization. However, there was evidence of children with low
levels of hsCRP (below the detection limit) who had increased prevalence of sensiti-
zation to inhaled and seasonal allergens. Among non-sensitized children, spending
time in stables was associated with reduced hsCRP (15 min—10 h aOR 0.40 95% CI
0.16-0.96 and =10 h aOR 0.25 95% CI 0.07-0.90), and among sensitized children,
maternal smoking was associated with higher hsCRP values (aOR 2.51 95% CI
1.12-5.59).

Conclusion: We found few associations between early environmental farming factors
and hsCRP levels, and between hsCRP levels and atopic sensitization in 4.5-year-
old children. However, our results suggest that the role played by the environmental
factors in low-grade inflammation may differ between sensitized and non-sensitized
children.



HsCRP, environmental factors and atopic sensitization

High-sensitivity C-reactive protein (hsCRP) is a sensitivity
marker of low-grade inflammation. Increased levels of hsCRP
have been associated with obesity and cardiometabolic risk
factors, but most of these studies have been performed in
adults with fewer studies available involving children (1-4).
During childhood, increased hsCRP levels have also been
associated with female sex (5), respiratory impairment (6),
asthma severity (7), and with an atherogenic lipid profile in
type 1 diabetes (8).

On the other hand, Marschan et al. (9) found that
increased concentration of plasma CRP in early infancy (age
of 6 months) was associated with a decreased risk of eczema
at the age of 2 years. In the study, infants who were treated
with probiotic bacteria had higher plasma CRP levels, but
the decreased risk of eczema was also seen in children with
higher hsCRP levels on placebo (9). Further, it was recently
suggested that Lactobacillus GG (LGG) treatment in infants
with atopic eczema-dermatitis syndrome (AEDS) might
induce systemically detectable low-grade inflammation
leading to alleviated symptoms of AEDS (10). Both of these
studies suggest that a low-grade inflammation in infancy
would generate some protection against allergic diseases, at
least against eczema (9).

There are several studies that have shown the protective
effect of a farming environment in the development of aller-
gic diseases in children (11-14). This protective effect is
mostly explained by the abundance and diversity of
environmental microbial exposure. However, none study has
evaluated whether farming environment would associate with
low-grade inflammation itself inducing protective effect
against the development of allergic diseases. Thus the aim of
this study was to investigate whether environmental factors,
such as farming environment, farm milk consumption, and
domestic animal contact would be associated with the low-
grade inflammation measured by hsCRP levels in 4.5-year-
old children. We evaluated whether relationships exist
between children’s prenatal and current environmental expo-
sures and current levels of hsCRP and further whether
hsCRP levels would be associated with the IgE levels. We
also evaluated whether environmental factors play different
role in the subclinical inflammation in relation to atopic
sensitization. Our hypothesis was to test whether farming
environment could induce a systemic low-grade inflammation
in 4.5-year-old children, as measured by high-sensitivity CRP
levels, thus providing possible protection from allergic disease
later in life.

Methods
Study population

The study population consisted of the Protection against
Allergy Study in Rural Environments (PASTURE) birth
cohort located in rural areas in five European countries:
Austria, Finland, France, Germany, and Switzerland (15).
Farming and non-farming pregnant women were recruited in
the third trimester of pregnancy. Details of this recruitment
have been described previously (16). Lifestyle factors and

Kirsi et al.

health issues as well as a broad range of agricultural expo-
sures of the children and mothers were assessed via question-
naires. The total number of study children was 1133 for
which data on high-sensitivity CRP levels at the age of
4.5 years were available for 694 (61.3%). Among these, 351
children were living on a farm and 343 in other rural areas at
the time of the study.

High-sensitivity C-reactive protein

Venous blood samples were collected from study children at
the age of 4.5 years. HsCRP levels were measured by
SYNCHRON® System(s) (Beckman Coulter Inc., Fullerton,
CA, USA) in Marburg, Germany, according to the manufac-
turer’s instructions (detection limit 0.20 mg/l). The method is
based on the highly sensitive Near Infrared Particle Immuno-
assay rate (17). The measurement seasons ware defined as
follows, winter: December—February, spring: March-May,
summer: June-August and autumn: September—November.

Specific IgE determination

The specific immunoglobulin E (sIgE) of 4.5-year-old study
children were analyzed for 19 common allergens, using the
Allergy Screen Test Panel for Atopy (Mediwiss Analytic,
Moers, Germany) (18). The 13 inhalation allergens tested
were two house dust mites (Dermatophagoides pteronyssinus
and D. farinae), 7 types of pollen (alder, birch, European
hazel, grass pollen mixture, rye, mugwort, and plantain), cat,
horse, and dog dander, and the mold Alternaria alternata.
The six food allergens were hen’s egg, cow’s milk, peanut,
hazelnut, carrot, and wheat. Any atopic sensitization was
defined as a positive result (sIgE concentration of 0.70 kU/I
or greater) to any of the tested allergens, while inhalation or
food atopic sensitization was defined as a positive result to
any of the 13 inhalation or six food allergens tested, respec-
tively. The following eight inhalation allergens were consid-
ered as seasonal: alder, birch, hazel or rye pollen, grass
pollen mix, mugwort, plantain, and Alternaria species. Der-
matophagoides pteronyssinus and farinae, cat, horse, and dog
dander were considered perennial (16). From the total study
population of 1133 children, IgE results at 4.5 years were
available in 63.2%. Both IgE concentrations and hsCRP val-
ues were available for the 652 study children (57.5% of total
study population). No significant differences were detected
between living environment or IgE levels between those with
and without hsCRP results available.

Questionnaires

The first questionnaire was administered to mothers during
the third trimester of pregnancy, and follow-up data were
collected 2, 12, 18, 24, 36, and 48 months after delivery. The
extensive questionnaires focused on respiratory and atopic
diseases and farm-related exposures as described earlier (16).

We used data from questionnaires administered during
pregnancy and at the time when the children were 4 years
old. We focused on exposures earlier identified as major

© 2012 John Wiley & Sons A/S
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explanatory variables for the farming effect: time spent in
animal sheds and hay barns, consuming farm milk, and hav-
ing cats or dogs at home (11-14). Maternal current and pre-
natal smoking was also included in the analysis.

Data on prenatal and children’s exposures to stables and
hay barns were created from continuous variables and were
categorized into three different groups: Exposure of <15 min
per week was regarded as not significant and set to 0; Expo-
sure of between 15 min and <10 h weekly was categorized
as 1, while exposures of more than 10h weekly was
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categorized as 2. Consumption of farm milk was also catego-
rized similarly from the continuous variable: Consumption of
<10 mL/day was set at 0; Consumption of 10-200 ml daily
was grouped as 1; and Consumption of more than 200 ml
daily was set to 2.

Body mass index

Body mass index (BMI) was calculated as weight in kilo-
grams divided by the square of height in meters. BMI was

Table 1 Associations between hsCRP levels and basic characteristics in 653, 4.5-year-old children

n hsCRP (mg/l)* N (%) of hsCRP > 75th percentilet aOR (95% CI)f

Country
Germany 134 0.11 (0.00/0.77) 34 (25.4) 1
Austria 86 0.10 (0.00/0.65) 19 (22.1) 0.82 (0.42-1.61)
Switzerland 141 0.00 (0.00/0.78) 35 (24.8) 0.93 (0.49-1.75)
France 142 0.35 (0.00/0.90) 42 (29.6) 1.17 (0.65-2.09)
Finland 150 0.00 (0.00/0.58) 33 (22.0) 0.90 (0.43-1.88)
p-Value 0.069 0.608

Gender
Male 343 0.00 (0.00/0.57) 68 (19.8) 1
Female 310 0.32 (0.00/0.95) 95 (30.6) 1.84 (1.27-2.66)
p-Value <0.001 0.002

BMI (kg/m?)
Underweight (<13.4) 25 0.35 (0.00/1.00) 8 (32.0) 1.36 (0.56-3.35)
Healthy weight (13.4-17.1) 429 0.21 (0.00/0.71) 101 (23.5) 1
Overweight (17.2-18.3) 54 0.34 (0.00/1.56) 18 (33.3) 1.66 (0.89-3.11)
Obese or very obese (>18.3) 26 0.80 (0.00/1.20) 14 (53.8) 4.47 (1.94-10.31)
BMI not available 119 0.00 (0.00/0.51) 23 (18.5) 0.83 (0.42-1.68)
p-Value 0.010 0.002

Place of living at study entry
Other rural 324 0.23 (0.00/0.73) 78 (24.1) 1
Farm 329 0.21 (0.00/0.76) 85 (25.8) 1.08 (0.74-1.59)
p-Value 0.950 0.651

Siblings
No 48 0.00 (0.00/0.57) 9 (18.8) 1
1 234 0.25 (0.00/0.78) 60 (25.6) 1.57 (0.70-3.53)
2 214 0.23 (0.00/0.76) 54 (25.2) 1.37 (0.60-3.13)
3 or more 116 0.22 (0.00/0.66) 28 (24.1) 1.44 (0.59-3.54)
Data missing 41 0.00 (0.00/0.96) 12 (29.3) 2.17 (0.76-6.23)
p-Value 0.746 0.826

Day care with other children than siblings (at present)
No 197 0.00 (0.00/0.69) 47 (23.9) 1
With 1-10 children 148 0.00 (0.00/0.79) 39 (26.4) 1.26 (0.75-2.12)
With 11 or more children 308 0.29 (0.00/0.75) 77 (25.0) 0.97 (0.56-1.67)
p-Value 0.069 0.869

Season of hsCRP measurement
Winter 110 0.28 (0.00/1.20) 36 (32.7) 1
Spring 167 0.28 (0.00/0.81) 46 (27.5) 0.77 (0.44-1.34)
Summer 157 0.00 (0.00/0.42) 28 (17.8) 0.44 (0.24-0.80)
Autumn 219 0.24 (0.00/0.73) 53 (24.2) 0.68 (0.40-1.15)
p-Value 0.012 0.037

*hsCRP values are presented as median values with interquartile range. p-Values are estimated by Mann-Whitney and Kruskal-Wallis test.

fp-Values are estimated by Pearson chi-square test.

+0dds ratios (@OR) and their 95% confidence intervals (Cl) are adjusted for parental farming, country, season of measurement, gender, BMI

and day care with other children than siblings.

© 2012 John Wiley & Sons A/S
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categorized using percentiles based on expert committee rec-
ommendations for children: very obese and obese (295th per-
centile), overweight (285th to <95th percentile), healthy
weight (=5th to <85th percentile), and underweight (<S5th
percentile) (19). The percentile definitions were made only for
the study children included in the analysis.

Statistical analyses

The hsCRP values below the detection limit were grouped as
zero values and included in the analysis. The results were
given as median values with interquartile ranges. p-Values for
the comparisons between different categories in univariate
analysis were calculated by the Mann—Whitney U-test and
the Kruskal-Wallis tests. For multivariate logistic regression
analysis, the hsCRP values were dichotomized using the 75th
percentile cutoff point (0.75 mg/l). All odds ratios were
adjusted for family’s farming status at time of study entry
and potential confounders, which were at least marginally
significantly (p < 0.10) associated with hsCRP in the univari-
ate analysis, that is, country, season of sampling hsCRP,
gender, BMI, and day care with other children than siblings.

The association between atopic sensitization and hsCRP
levels was evaluated as follows: Firstly, the association
between any atopic sensitization and hsCRP levels was exam-
ined; Secondly, the association between inhaled and food ato-
pic sensitization and the perennial and seasonal inhaled
atopic sensitization and hsCRP levels was evaluated sepa-
rately; Further, the associations between hsCRP levels and
environmental factors were evaluated in the sensitized and
non-sensitized children separately. All statistical analyses
were performed with PASW Statistics 18.0 (SPSS Inc.,
Chicago, IL, USA).

Results

Of the total sample of 694 children, some children (n = 41,
5.9%) had hsCRP values over 5 mg/l and were excluded
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from the statistical analyses so as to exclude children with
acute infections. Thus, 653 children had hsCRP values equal
to or lower than 5.0 mg/l (median: 0.22, interquartile range:
0.00-0.75 mg/l). The hsCRP values were not normally dis-
tributed, and 47.9% (n = 313) of sample values were lower
than the detection limit (<0.20 mg/l). HsCRP levels were
significantly higher among girls and in children who were
obese or very obese (Table 1). Values were also significantly
lower when measured in summer than in other seasons (medi-
ans: 0.00 vs. 0.26 mg/L; p < 0.001). In univariate test,
French children had significantly higher median hsCRP val-
ues compared with other children (medians: 0.35 vs. 0.00 mg/
I; p = 0.003) and median values also tended to be higher if a
child was in a day-care facility with 11 or more children. No
associations were detected between values of hsCRP and liv-
ing on a farm at the time of the study or number of siblings
(Table 1).

In the univariate analyses, there was a tendency for higher
hsCRP levels in children who had been breastfed for
<2 months duration, but the significance of the association
disappeared after multivariate adjustments (Table S1). Fur-
ther, no significant associations were detected between prena-
tal, environmental, and farming factors and the levels of
hsCRP (Table S1) nor between current maternal smoking,
prenatal or current visiting a hay barn and the levels of
hsCRP (data not shown) after adjustments. In addition, no
significant associations were detected between children who
did not drink farm milk in comparison with children who
drank either boiled or unboiled farm milk (data not shown).

The prevalence of atopic sensitization against any
examined allergen was 45.2% (295/652), and the prevalence
of atopic sensitization against any inhalant and against any
food allergens was 32.7% (213/652) and 27.3% (178/652),
respectively. The prevalence of atopic sensitization against
any perennial or seasonal allergens was 21.9% (143/652) and
18.7% (122/652), respectively. There was a decreased risk of
sensitization to inhaled allergens and seasonal allergens if a
child had hsCRP level lower than the 75th percentile (aOR

Table 2 Prevalence of atopic sensitization and associations with current levels of high-sensitivity C-reactive protein among children aged 4.5

years (n = 652)

High-sensitivity C-reactive protein

<DL >DL and <75th percentile >75th percentile
Percentage Percentage

Type of atopic Percentage with with with

sensitization sensitization aOR sensitization aOR (95% ClI) sensitization aOR (95% ClI) p-Value
Any 48.9 1 42.6 0.86 (0.58-1.27) 411 0.79 (0.52-1.18) 0.478
Inhaled allergens 38.0 1 24.4 0.57 (0.37-0.88) 31.3 0.80 (0.52-1.23) 0.039
Food 28.1 1 30.1 1.17 (0.76-1.79) 22.7 0.78 (0.49-1.24) 0.299
Perennial 24.6 1 15.9 0.63 (0.38-1.05) 23.3 0.93 (0.58-1.52) 0.195
Seasonal 22.4 1 13.6 0.58 (0.35-0.98) 17.2 0.81 (0.49-1.35) 0.122
Total 313 176 163

DL, Detection limit.

p-Values are obtained from the trend test (Wald) in logistic regression models. Odds ratios are adjusted for country, farmer, season, gender,

BMI, and day care with other children than siblings.
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0.57, 95% CI 0.37-0.88, and aOR 0.58, 95% CI 0.35-0.98,
respectively) compared to levels below the detection limit
(Table 2). However, no significant further decrease in risks of
different sensitization was observed when hsCRP levels were
high, that is, over the 75th percentile (Table 2), or when
hsCRP was used as a continuous variable (data not shown).
Associations were not changed for perennial and food sensiti-
zation even after excluding season of measurement from

adjustments (Table S2).

HsCRP, environmental factors and atopic sensitization

When children were divided into two groups by any atopic
sensitization, non-sensitized children who were visiting stables
weekly had significantly lower hsCRP levels compared to
those who did not spend any time in stables (15 min—10 h
aOR 0.40 95% CI 0.16-0.96 and >10 h aOR 0.25 95% CI
0.07-0.90; Table 3). This association was not detected in sen-
sitized children. Further, sensitized children whose mothers
had been smoking during the last 2 years had significantly

higher hsCRP levels (aOR 2.51, 95% CI 1.12-5.59) and

Table 3 Associations between hsCRP and different environmental and farming factors in relation to any atopic sensitization at the age of

4.5 years
Non-sensitized Sensitized
n hsCRP* N (%) of aOR1: n hsCRP* N (%) of aORi{
hsCRP > 75th  (95% Cl) hsCRP > 75th  (95% Cl)
percentilef percentilet

Place of living in last 12 months
Other rural 177 0.27 (0.00/0.83) 48 (26.7) 1 144 0.00 (0.00/0.54) 30 (20.8) 1
Farm 180 0.24 (0.00/0.81) 48 (27.1) 1.03 (0.61-1.71) 151 0.00 (0.00/0.72) 37 (24.5) 1.20 (0.66-2.20)
p-Value 0.91 1.000 0.925 0.948 0.489 0.551

Duration of breastfeeding (months)
No breastfeeding 35 0.28 (0.00/0.88) 11 (31.4) 1 20 0.11 (0.00/0.45) 1(5.0) 1
0.5-2 39 0.36 (0.00/1.24) 14 (35.9) 1.36 (0.49-3.81) 28 0.34(0.00/0.99) 9 (32.1) 9.44 (1.01-88.55)
2-6 95 0.23 (0.00/0.77) 24 (25.3) 0.84 (0.33-2.12) 73 0.00 (0.00/0.53) 14 (19.2) 4.40 (0.51-38.39)
>6 188 0.24 (0.00/0.75) 47 (25.0) 0.77 (0.32-1.88) 174 0.00 (0.00/0.73) 43 (24.7) 8.40 (0.98-72.33)
p-Value 0.218 0.485 0.593 0.282 0.116 0.106

Child’s visiting a stable weekly in last 12 months
No (<15 min) 164 0.27 (0.00/0.93) 49 (29.9) 1 118 0.00 (0.00/0.51) 23 (19.5) 1
15 min-10 h 167 0.24 (0.00/0.78) 40 (25.5) 0.40 (0.16-0.96) 149 0.00 (0.00/0.77) 38 (25.5) 1.23 (0.48-3.11)
>10 h 36 0.00 (0.00/0.63) 7 (19.4) 0.25 (0.07-0.90) 28 0.22 (0.00/0.70) 6 (21.4) 0.80 (0.19-3.36)
p-Value 0.411 0.383 0.072 0.849 0.500 0.674

Child’s farm milk consumption (dl/day) in last 12 months
0 200 0.27 (0.00/0.77) 51 (25.5) 1 154 0.00 (0.00/0.51) 30 (19.5) 1
0-2 65 0.00 (0.00/0.78) 17 (26.2) 1.21 (0.565-2.64) 47 0.00 (0.00/0.95) 15 (31.9) 1.88 (0.77-4.61)
>2 92 0.27 (0.00/0.98) 28 (30.4) 1.48 (0.74-2.96) 94 0.00 (0.00/0.63) 22 (23.4) 1.24 (0.55-2.79)
p-Value 0.584 0.669 0.535 0.916 0.201 0.370

Maternal smoking during pregnancy
Never smoked 227 0.24 (0.00/0.76) 57 (25.1) 1 182 0.10 (0.00/0.68) 43 (23.6) 1
Not during pregnancy 90 0.34 (0.00/0.97) 28 (31.1) 1.41 (0.79-2.62) 72 0.00 (0.00/0.40) 10 (13.9) 0.52 (0.22-1.20)
During pregnancy 40 0.25(0.00/0.83) 11 (27.5) 1.24 (0.55-2.79) 41 0.26 (0.00/1.53) 14 (34.1) 1.91 (0.83-4.41)
p-Value 357 0.272 0.552 0.491 295 0.179 0.042 0.034

Maternal smoking (during last 2 years)
No 319 0.26 (0.00/0.83) 87 (27.5) 1 255 0.00 (0.00/0.58) 583 (20.8) 1
Yes 38 0.10(0.00/0.75) 9 (23.7) 0.94 (0.41-2.17) 40 0.00 (0.00/1.20) 14 (35.0) 2.51 (1.12-5.59)
p-Value 0.637 0.703 0.882 0.694 0.066 0.025

Pets at home (present)
No cats or dogs 168 0.27 (0.00/0.89) 44 (27.8) 1 125 0.21 (0.00/0.63) 28 (22.4) 1
Only cat/cats 102 0.22 (0.00/0.73) 25 (24.5) 0.83 (0.43-1.61) 75 0.00 (0.00/0.49) 14 (18.7) 0.51 (0.22-1.20)
Only dog/dogs 36 0.27 (0.00/0.97) 12 (33.3) 1.35(0.568-3.10) 31 0.00 (0.00/1.20) 9 (29.0) 1.70 (0.66-4.35)
Both cat(s) and dog(s) 61 0.26 (0.00/0.75) 15 (24.6) 0.96 (0.44-2.10) 64 0.00 (0.00/0.75) 16 (25.0) 0.83 (0.35-1.98)
p-Value 0.810 0.731 0.773 0.872 0.659 0.194

*HsCRP values are presented as median values with interquartile range, and p-values are estimated by Mann-Whitney or Kruskal-Wallis

test.
fp-Values are estimated by Pearson chi-square

10dds ratios (@OR) and their 95% confidence intervals (Cl) are adjusted for parental farming, country, season of measurement, gender, BMI,
and day care with other children than siblings. p-Values are obtained from the trend test (Wald).
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moreover, they also tended to have higher levels of hsCRP if
the mother had smoked during pregnancy compared to con-
trols (Table 3). No associations were detected between
hsCRP values and other determinants, such as place of living
at study entry, farm milk consumption, duration of breast-
feeding, contact with domestic pets (Table 3), or duration of
time spent in hay barns (data not shown).

Discussion

This is first study on the effect of the surrounding environ-
ment on low-grade inflammation in children. We observed
large differences in levels of hsCRP between seasons of mea-
surement, obesity, and also between genders, but we found
only a few associations between farm environmental factors
and hsCRP values. Neither did we find strong evidence for
an association between low-grade inflammation and the prev-
alence of atopic sensitization at the age of 4.5 years. No pre-
vious studies have evaluated, similarly, the effect of early
living environmental factors on concentrations of hsCRP or
any other low-inflammatory markers, which makes compari-
sons with earlier studies difficult. However, our present
results confirm those of others reporting an association
between higher hsCRP values and female gender, higher BMI
and the season of the measurement (1, 5, 20).

We were interested in environmental and farming factors
that could possibly induce low-grade inflammation and
thereby give protection from allergies; earlier findings have
shown that probiotics have the capability to induce such
inflammation (9, 10). Unfortunately, we found few clear
associations between low-grade inflammation and several
characteristics of the farming environment, which have earlier
been reported as being associated with protection from
allergic disease in childhood (11-14). Among non-sensitized
children, those who currently spent more time in stables had
significantly lower levels of hsCRP, which is in the opposite
of our original hypothesis. It is always possible that more
healthy children with lower hsCRP levels spend more time
outdoors and in stables compared to children with higher
hsCRP levels possible due after recovering recently from
infection. We also observed that among sensitized children,
maternal current smoking status seemed to be associated with
the higher levels of low-grade inflammation at the age of
4.5 years. These results need to be confirmed but they do
suggest that some environmental factors may associate with
the low-grade inflammation in children, but the risk factors
may differ between sensitized and non-sensitized children.
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We observed no clear associations between current levels
of hsCRP and current sensitization to common allergens.
However, there was a suggestion that hsCRP levels that were
detectable and yet below the 75th percentile were associated
with a decreased risk of atopic sensitization to inhale and
seasonal allergens. We believe these results are among the
very earliest findings on the associations between hsCRP val-
ues and IgE levels in children and should be confirmed by
future studies. It should be emphasized that in the present
study, both hsCRP and specific IgE levels were measured at
the same time, at the age of 4.5 years. Earlier studies have
indicated that low-grade intestinal inflammation at early
infancy reduces the risk of allergic diseases later (9, 10).
Accordingly, there might be a window of opportunity in the
early programing of the immune system, and hsCRP values
at the age of 4.5 years might be too old already to reflect
this.

The strength of this study lies in the prospective cohort
nature of the study, which provided large amounts of
information on children’s prenatal, infant, and childhood
environments. All the study children were living in rural
areas, which allowed for the comparisons of farmer and non-
farmer effects with a wide range of collected data on the
early living environment. A weakness of this study was that
almost half of the hsCRP values were below the detection
limit, which might have reduced the power of the study. As
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In conclusion, we found minor associations between early
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between hsCRP levels and atopic sensitization in 4.5-year-old
children. However, our results suggest that the role played by
environmental factor in low-grade inflammation may differ
between sensitized and non-sensitized children, although these
results need to be confirmed by future studies.
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SUPPLEMENT TABLE 1. Association of prenatal environmental and farming factors with
high-sensitivity C-reactive protein in 653 4.5-year-old children

hsCRP N (%) of hsCRP 2 75th
Maternal smoking during pregnancy n (mg/l)* percentile** aOR (95% Ch#
Never smoked 410 0.22 100 (24.4) 1
Not during pregnancy 162 0.22 38 (23.5) 0.99 (0.62-1.56)
During pregnancy 81 0.26 25 (30.9) 1.50 (0.85-2.63)
p-value 0.813 0.412 0.331
Maternal visiting a stable weekly during pregnancy (an average)
No (<15min) 313 0.23 75 (24.0) 1
215 min and <10h 171 0.21 44 (25.7) 1.16 (0.67-2.01)
=10 hours 169 0.21 44 (26.0) 1.24 (0.65-2.38)
p-value 0.905 0.850 0.801
Maternal farm milk consumption (dL/day) during pregnancy
0 358 0.24 85 (23.7) 1
0-2 147 0,00 37 (25.2) 1.32 (0.78-2.22)
>2 148 0.26 41 (27.7) 1.23 (0.71-2.13)
p-value 0.134 0.644 0.561
Pets at home during pregnancy
No cats or dogs 274 0.23 63 (23.0) 1
Only cat/cats 161 0,00 45 (28.0) 1.43 (0.87-2.35)
Only dog/dogs 86 0.27 21 (24.4) 1.13 (0.62-2.07)
Both cat(s) and dog(s) 132 0.23 34 (25.8) 1.36 (0.76-2.44)
p-value 0.976 0.707 0.530
Duration of breastfeeding (months)
No breastfeeding 55 0.23 12 (21.8) 1
0.5-2 67 0.36 23 (34.3) 1.95 (0.83-4.59)
2-6 168 0.10 38 (22.6) 1.21 (0.55-2.65)
26 363 0.10 90 (24.8) 1.41 (0.65-3.02)
p-value 0.051 0.270 0.383
Child's visiting a stable weekly
No (<15 min) 282 0.25 72 (25.5) 1
215 min and <10 hours 307 0.21 78 (25.4) 0.64 (0.34-1.19)
=10 hours 64 0.11 13 (20.3) 0.43 (0.17-1.09)
p-value 0.795 0.664 0.193
Child's farm milk consumption (dL/day)
0 355 0.23 81 (22.8) 1
0-2 112 0,00 32 (28.6) 1.46 (0.82-2.59)
>2 186 0.22 50 (26.9) 1.32 (0.79-2.22)
p-value 0.851 0.365 0.388

* Median values of hsCRP and p-values estimated by Kruskal-Wallis test

** P-values are estimated by Pearson Chi-square

# Odds ratios (aOR) and their 95% confidence intervals (Cl) are adjusted for parental farming, country, season of
measurement, gender, BMI and day care with other children than siblings. P-values are obtained from the trend test

(Wald).



SUPPLEMENT TABLE 2. Prevalence of atopic sensitization and associations with current levels of high-sensitivity C-reactive protein among children aged 4.5-years (n=652)

High Sensitivity C-reactive protein

<DL > DL and < 75th percentile > 75th percentile

N % with aOR % with aOR(95% Cl) % with
Type of atopic sensitization sensitization sensitization sensitization aOR(95% ClI) P-value
Any 48.9 1 42.6 0.85 (0.58-1.25) 41.1 0.80 (0.54-1.20) 0.498
Inhaled allergens 38.0 1 24.4 0.57 (0.37-0.87) 31.3 0.78 (0.51-1.20) 0.033
Food 28.1 1 30.1 1.18 (0.77-1.80) 22.7 0.82 (0.52-1.30) 0.365
Perennial 24.6 1 15.9 0.62 (0.38-1.02) 23.3 0.95 (0.59-1.54) 0.161
Seasonal 22.4 1 13.6 0.57 (0.34-0.96) 17.2 0.77 (0.46-1.27) 0.098
Total 313 176 163
DL= Detection limit




P-values are obtained from the trend test (Wald) in logistic regression models. Odds ratios are adjusted for country, farmer, gender, BMI and day care with other children than siblings
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