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Cow’s Milk Exposure and Asthma in a Newborn Cohort: Repeated
Ascertainment Indicates Reverse Causation
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The effect of cow’s milk consumption on childhood asthma has been debated for several years. This study attempts to provide further insight into
this association through the use of a longitudinal study design. Newborns from parents with atopic history were recruited from Germany, Austria, and
England (n = 696). For five repeated ascertainments, information was collected on cow’s milk exposure, incidence of doctor-diagnosed asthma, and
confounders. Generalized estimation equations, incorporating different models (concurrent, delayed, combined, and reverse causation), were used to
determine this association. No association between cow’s milk consumption and childhood asthma was found for the concurrent effects model (OR =
0.81, 95% confidence interval [CI]: 0.55, 1.20). In the delayed effects model, the direction of the association varied with time of follow-up. Thus,
we stratified by period, which resulted in a significant protective delayed effect at 36 months (OR = 0.18, 95% CI = 0.06, 0.49). However, reverse
causation negated this finding since the presence of asthma in prior months led to a reduction in further exposure to cow’s milk (OR = 0.40, 95% CI =
0.16, 0.99). Hence, cow’s milk consumption does not protect against childhood asthma. The apparent protection of cow’s milk against asthma may
result from parents of asthmatic children avoiding cow’s milk, rather than actual prophylaxis.

Keywords asthma, cow’s milk, children, reverse causation, epidemiology

INTRODUCTION

The prevalence of asthma and allergic disease has increased
dramatically over the past two decades. The reasons for such
an increase are unclear. Over this same period numerous re-
ports have been published on the effect that cow’s milk expo-
sure can have on the prevalence of asthma in young children
(1-14). The majority of these studies have suggested that
cow’s milk is a risk factor for the development of childhood
asthma (1-7). However, the role of cow’s milk on the devel-
opment of asthma in children remains controversial. Some of
the more recent studies have reported findings ranging from
no effect of cow’s milk consumption on asthma development
to cow’s milk exposure early in life being a protective factor
against the development of childhood asthma (8-14).

The research described herein was stimulated by these con-
troversial findings. The present study examines these associ-
ations in a cohort consisting of European newborns followed
from birth to 3 years of age. Through the use of four mod-
eling strategies (concurrent effect, 6-month delayed effect,
combined effect, and reverse causation), and by taking into
account the longitudinal nature of the data, our goal was to an-
alyze the association between cow’s milk consumption and
the development of asthma. The concurrent effects model

*Corresponding author: Wilfried Karmaus, M.D., Dr. med., M.P.H., De-
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was used to predict short-term effects of cow’s milk on the
development of childhood asthma by taking the cow’s milk
exposure during a given time interval (6 to 12 months) and
relating it to the occurrence of asthma during the same period.
The delayed model investigated the possibility of a postponed
effect of cow’s milk exposure on the occurrence of child-
hood asthma. For this model the cow’s milk exposure from
one period was related to the occurrence of asthma in the
next survey period. The combined model investigated both
the concurrent and delayed effects of cow’s milk exposure
simultaneously. Lastly, we used a reverse delayed model to
investigate whether childhood asthma at one period could
predict cow’s milk exposure during the subsequent survey
period. The idea of reverse causation stems from previous
studies that investigated whether the reduction of exposure
over time due to prior disease could generate a false protective
association between outcome and exposure (15-17).

METHODS
Population

This cohort was assembled in 1997 and 1998 for the “Study
on the Prevention of Allergy in Children in Europe” (SPACE)
(18). The initial study was a multi-center, population-based,
randomized controlled study of children at high risk of
allergy. The research described here focuses on the new-
born cohort, which was from Austria, Great Britain, and
Germany. Before the initiation of the SPACE study, the lo-
cal ethical committees at each of the study sites approved
the working protocol of the research. During recruitment,
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informed consent was obtained from the parents of each
newborn before data collection. Newborns were recruited
for the SPACE study based on a positive history of atopy
in their parents. A newborn was considered eligible for the
study if one or both of the parents had either a positive skin
prick test (SPT >3 mm) or specific serum immunoglob-
ulin E (IgE > 0.7 PRU, SX1-Phadiotop, Kabi-Pharmacia,
Sweden; or IgE >1.43 ML-Units/mL with the Magic-Lite
method, ALK, Denmark and Ciba-Corning, Germany) for at
least one allergen out of the panel of five aeroallergens tested
(Dermatophagoides pteronyssinus, Dermatophagoides fari-
nae, birch pollen, grass pollen, and cat dander). Specifics of
the testing methods used above are described in detail else-
where (18). These two sensitization testing methods were
considered to be equivalent based on a study by Schuetze et al.
(19). The only additional exclusion criteria that were used in
our study were birth weights below 2,500 g and admission to
a neonatal intensive care unit for longer than 7 days.

The parents of participating children were recruited before
the birth of their child, thus eliminating the potential for re-
cruitment biases after delivery. The enrollment process took
place from April 1997 to June of 1998, yielding a total of
696 newborn participants who were then followed through
August of 2001.

Exposure Ascertainment

Attempts were made to follow each of the newborn partic-
ipants from birth to 36 months of age. Soon after the birth of
a child, a short questionnaire was completed by the parents
to ascertain information regarding their newborn, such as
gender, birth weight, and current health status. At each of
the 6-, 12-, 18-, 24-, and 36-month follow-up contacts the
parents of each offspring were instructed to complete a more
in-depth questionnaire dealing with a variety of exposures
that their child may have experienced since birth regarding
the living environment and feeding habits. Specific questions
dealt with issues of passive smoking, doctor’s diagnosis
of lower respiratory tract infections (LRTI: yes-no), and
consumption of different types of infant food (yes-no, start
date, end date), such as breast milk, regular infant formula,
hypoallergenic formula, and cow’s milk. “In addition, we
also reconstructed the history of pet exposure using informa-
tion collected after birth and in five follow-up investigations.
At birth we ask whether the parents had pets and what kind of
pets, followed by the question of whether they ever had a pet
in the house. In each consecutive investigation, we inquired
whether they had obtained a new pet since the last survey.
If yes, we then asked what kind of pet? We also asked the
following: whether the parent had given up a pet since the
beginning of the study, what kind of pet, and whether
the child was regularly exposed to pets elsewhere in the
respective period and if so by what pet.” The questionnaires
were developed so that they would obtain exposure infor-
mation (food, pets, respiratory tract infections) since the
previous survey to develop a complete record of exposure
throughout the first 3 years of life.

Our focus was cow’s milk exposure since its the role in the
development of asthma in children is controversial. Although
formula may be based on processed cow’s milk, we chose
not to lump cow’s milk exposure and use of formula and
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hypoallergic formula together. The reason for this choice is
that the exposure to foreign proteins is likely to vary.

Outcome Ascertainment

The outcome of interest was doctor-diagnosed asthma in
children. Information on asthma and wheezing was provided
by parents at four follow-ups (12, 18, 24, and 36 months).
Each questionnaire asked for information on new onset of
asthma, new diagnoses, and wheezing during the interval
since the last survey.

Data Analyses

Due to the longitudinal nature of the data, generalized es-
timating equation (GEE) models were applied to estimate
the potential effects of cow’s milk consumption on the oc-
currence of childhood asthma. We used the GEE model that
applied a logistic regression approach, which accounts for
within-subject effects. Additionally, the GEE model was ca-
pable of dealing with intermittent missing values by incor-
porating the “all available pairs” method, which uses data
from all of the non-missing pairs in the development of the
final model, thus not excluding all observations from one
study subject due to the presence of one missing value (20).
For each GEE model, an autoregressive working correlation
matrix was invoked because the correlation between the re-
peated exposure and outcome measurements was a function
of time. Additionally, to determine if significant losses to
follow-up occurred over the entire study period, a GEE model
was developed to see if any of the predictors were able to sig-
nificantly account for the losses to follow-up that occurred
during each of the study periods. All statistical analyses were
performed using SAS software, version 8.2, specifically SAS
PROC GENMOD (21). Odds ratios with 95% confidence in-
tervals were estimated.

Both time-independent (e.g., gender) and time-dependent
confounders (e.g., parental smoking) were analyzed. Poten-
tial confounders were identified in previous studies of the
cow’s milk-asthma association. The initial confounders in-
cluded in the models were gender, history of parental atopy,
passive smoking exposure, presence of LRTI, maternal ed-
ucation, season of birth, country of residence, pet exposure,
intervention status (mattress covers and education), exposure
to breast milk, and regular infant and hypoallergenic for-
mula use. Confounders were divided into categories: Parental
atopy was trichotomized into maternal atopy, paternal atopy,
and both parents atopic, with paternal atopy as the reference
group. Maternal education was divided into <10 years, 11—
12 years, >13 years, with <10 years as the reference cate-
gory. For birth weight three categories were used (<3,000,
>3,000—<4,000, >4,000 g) and two categories for exposure
to passive smoking (yes-no). If the child’s diet included breast
milk, cow’s milk, regular infant formula, or hypoallergenic
formula in the prior observation period, the child’s exposure
was classified as positive for that type of diet and negative
otherwise.

Modeling was used to determine the most parsimonious
set of explanatory variables for the cow’s milk-asthma asso-
ciation. A confounder was eliminated from the explanatory
model when changes in the exposure coefficient estimates
from the model with and without the potential confounding
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variable were less than 10%. The modeling procedure was
applied for the concurrent effect, 6-month delayed effect,
combined effect, and reverse causation models. Each of these
models was also stratified by follow-up period to investigate
whether heterogeneity of effects existed over the course of
the entire follow-up period. In addition, we ran models with
and without LRTI infection to test whether LRTI infection
could act an intervening variable between the child’s diet and
asthma.

RESULTS

Population characteristics for the risk factors used in the
GEE models are presented in Tables 1 and 2. Out of the 696
total newborn participants, 50.3% (n = 350) were male and
49.7% (n = 346) were female (Table 1). Most (70.0%) of the
newborns had birth weights between 3,000 and 4,000 g. Half
of the study participants (54.2%) came from mothers with 11
to 12 years of education.

Regarding the time-dependent covariates, approximately
20 to 25% of the parents exposed their children to passive
smoking (Table 2). The presence of lower respiratory tract
infections (LRTT) in the newborn participants was also fairly
consistent throughout the study period, ranging from 2.0 to
5.0%. The overall proportion of pet exposure varied in the
five follow-up periods between 24 and 34%; however, pet
exposure changed in individual households. Additionally, no
children were breastfed after 24 months of age, with 12.2
decreasing to 3.2% of the newborns receiving breast milk in
the first 24 months of age. The proportion of breastfeeding
in this population of children of atopic parents is much lower
than expected for this region of the world (22).

Cow’s Milk Exposure up to Age 2

An infant was exposed to cow’s milk in only 9.9% (69/696)
of the study population by the 6-month follow-up (Figure 1);
by 12 months 50.7% (15 4 338/696) had ever received cow’s
milk. After 12 months of age, the majority of the children
continued to be exposed to cow’s milk. In some children,
after the initial exposure to cow’s milk, consumption ceased,
at least for a period of time (15 of 69 children after 6 months,
and 45 of 338 after 12 months).

TABLE 1.—Study population characteristics.

Variable Percentage (n = 696)
Gender

Boy 50.3

Girl 49.7
Birth weight

<3,000 g 19.4

>3,000 g and <4,000 g 70.0

>4,000 g 10.6
Season of birth

Spring 26.9

Summer 28.7

Fall 22.1

Winter 22.3
History of parental atopy

Maternal atopy 353

Paternal atopy 33.6

Both Parents atopic 31.1
Mother’s education

Normal (<10 years) 22.8

Medium (11-12 years) 54.2

High (>13 years) 23.0

101

TABLE 2.—Study population characteristics for repeated measurements.

6 months 12 months 18 months 24 months 36 months
(n=696) (n=0670) (n=0625) (n=2563) (n=>553)

Variable % % % % %o
Passive smoking
Yes 19.1 25.8 24.6 24.9 22.1
No 80.6 74.2 72.6 73.5 71.9
Missing 0.3 0.0 2.8 1.6 0.0
Lower respiratory tract infections
Yes 2.0 3.6 5.0 7.1 3.8
No 92.1 94.6 91.5 87.6 93.7
Missing 59 1.8 3.5 53 2.5
Breastfeeding
Yes 12.2 11.6 11.2 32 —
No 87.1 86.7 87.4 714
Missing 0.7 1.7 1.5 25.4
Regular infant formula
Yes 40.1 50.6 29.1 13.5 —
No 46.4 45.7 68.5 58.6 —
Missing 135 3.7 2.4 27.9
Hypoallergenic formula
Yes 34.6 35.1 14.7 6.4 —
No 47.6 524 69.6 65.5 —
Missing 17.8 12.5 15.7 28.1
Pet holding in the house
Yes 32.3f 339 24.6 243 27.3
No 67.5 66.1 74.7 73.9 72.5
Missing 0.1f 0 0.6 1.8 0.2

Variables not ascertained at the 36-month follow-up period.
For 6 months: determined at birth.

Occurrence of Asthma up to Age 3

When following the occurrence of asthma (Figure 2) the
period prevalence varies from 2.2% at 6 months (15/696) to
4.0% (26/657) at 36 months. Figure 2 shows, for example,
that of the 15 children who had doctor-diagnosed asthma at 12
months, 11 continued to have asthma at 18 months, and 4 were
asthma-free, 3 of whom stayed asthma-free for the remainder
of the study. A total of 36 children (5.6%) were diagnosed
with asthma during the first 3 years of life, contributing 81
repeated observations of asthma (Figure 2).

Loss to Follow-Up

To investigate whether loss to follow-up was related to any
of the predictors, we used a GEE model. Loss to follow-up
was treated as a time-dependent outcome because some chil-
dren re-entered the study after dropping out initially. Neither
asthma nor any of the predictors ascertained in a preced-
ing survey significantly accounted for the loss to follow-up
(asthma: OR = 0.88, p = 0.35, 95% CI: 0.42, 1.63; cow’s
milk: OR = 1.18, p = 0.80, 95% CI: 0.72, 3.25).

Effect of Cow’s Milk Exposure on Asthma Occurrence

The asthma concurrent effects model showed no associa-
tion between cow’s milk consumption and the prevalence of
asthma (OR = 0.81, 95% CI: 0.55, 1.20, Table 3). However,
the presence of LRTI was related to a significantly increased
risk of asthma (OR =4.06,95% CI: 1.71, 9.68). Again, in the
delayed effects model, cow’s milk exposure was not associ-
ated with childhood asthma, whereas LRTT constituted a sig-
nificant risk factor (Table 3). When combining both concur-
rent and delayed effects, similar results were obtained (data
not shown). Also, excluding LRTI from the model did not
change the odds ratios (Table 3). We additionally controlled
for pet exposure. In the concurrent effect model, pet exposure
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Cow’s Milk - Exposure

6 months 12 months 18 months

No Longer Cow’s Milk

Cow’s Milk

Cow’s Milk Free
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24 months

FIGURE 1.—Occurrence of cow’s milk consumption in the SPACE study population over the entire study period. The bottom boxes signify the number of participants
that were unexposed after each follow-up period. The middle ovals represent the participants who have the exposure at each follow-up. The upper boxes represent
participants that had cow’s milk exposure at one period then either never had it again or were exposed again in a future follow-up period.

was a significant risk factor for occurrence of asthma (OR =
1.80, 95% CI: 1.04, 3.11). However, the adverse effect dis-
appeared in the delayed model (Table 3).

Owing to variation in the direction of the associations with
time of follow-up, the delayed model for asthma was strati-

Asthma - Outcome

12 months 18 months

No Longer Asthma

Asthma

Asthma Free

fied by survey period. The stratification indicated that a de-
layed effect of cow’s milk exposure, while controlling for
confounders, was not a risk for asthma development at 12
and 18 months. However, at 24 and 36 months cow’s milk ex-
posure showed a protective effect, with this effect becoming

24 months 36 months

FIGURE 2.—Occurrence of asthma in the SPACE study population over the entire study period. The bottom boxes signify the number of children who were asthma-free
after each follow-up period. The middle ovals represent the children who have asthma at each follow-up. The upper boxes represent children who no longer have

asthma but may subsequently have a recurrence.
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TABLE 3.—Results of the concurrent and delayed effects models for asthma.

Models with lower respiratory tract infections included'

Models without lower respiratory tract infections'

Concurrent effects model
(n = 2,242 observations
from 696 participants)

Delayed effects model
(n = 2,149 observations
from 696 participants)

Concurrent effects model
(n = 2,137 observations
from 672 participants)

Delayed effects model
(n = 2,049 observations
from 672 participants)

Risk factor Odds ratio 95% CI Odds Ratio 95% CI Odds ratio 95% CI Odds ratio 95% CI
Cow’s milk 0.81 (0.55, 1.20) 0.94 (0.64, 1.28) 0.75 (0.48, 1.17) 0.79 (0.56, 1.13)
Lower respiratory tract infections 4.06 (1.71, 9.68) 3.43 (1.36, 8.70) — — — —
Regular infant formula 0.67 (0.35, 1.30) 0.65 (0.33,1.28) 0.50 (0.22, 1.14) 0.47 (0.21, 1.06)
Hypoallergenic formula 0.51 (0.29, 0.90) 0.50 (0.27,0.92) 0.55 (0.29, 1.03) 0.47 (0.23, 0.99)
Pet exposure 1.80 (1.04,3.11) 0.69 (0.39, 1.24) 1.83 (1.02, 3.31) 0.68 (0.36, 1.29)

fControlling for gender, parental history of atopy, passive smoking exposure, country of residence, and maternal education.

statistically significant (OR = 0.18, 95% CI = 0.06, 0.49) at
the 36-month follow-up period (Figure 3).

Effect of Asthma on Cow’s Milk Exposure

A reverse causation model was developed to see whether
asthma status in a preceding period changes cow’s milk ex-
posure in the next survey period. The model indicated that
the presence of asthma was negatively associated with cow’s
milk exposure at the next follow-up period (OR = 0.40,
95% CI: 0.16, 0.99; Table 4), consistent with the notion that
the presence of asthma in the child caused parents to stop
providing cow’s milk to their offspring. The reverse cau-
sation model was also stratified by survey period to deter-
mine if the direction of the associations varied with the time
of follow-up, but no such variations were present (data not
shown).

DISCUSSION

No significant effects of cow’s milk exposure were found
for asthma occurring in the same follow-up period. When
investigating the delayed models stratified by follow-up pe-
riod, it was discovered that cow’s milk exposure at 6 and 12
months showed a nonsignificant trend towards more asthma
6 months later. In contrast, the findings for cow’s milk ex-
posure at 18 and 24 months suggested marginal protection
for asthma at 24 and 36 months of age. However, a reverse
causation model provided insight into why protective effects
were obtained for the 24 to 36 month delayed effects model:

The analysis showed that prior asthma was significantly as-
sociated with a reduction in cow’s milk consumption. For
example, it is likely that parents stop feeding their children
cow’s milk after their child is diagnosed with asthma. As
a consequence, children with asthma have less cow’s milk
consumption leading to the false impression that cow’s milk
protects against the development of asthma. These results
could also be due to the fact that a physician’s diagnosis of
asthma may be accompanied by a recommendation to avoid
certain foods, such as cow’s milk, that could influence the
further development of asthma (23).

Our results are based on parental reports of doctor-
diagnosed asthma. Prior studies have shown that this ap-
proach to determining asthma is specific, but, for instance,
compared to wheezing, less sensitive (24, 25). To investi-
gate whether our findings would differ when using a more
sensitive outcome, we also analyzed delayed effects and re-
verse causation using parental reports of wheezing. The re-
sults indicated that wheeze provided similar findings to that
of the asthma modeling, but these results did not gain statis-
tical significance. In addition, children with wheezing were
more likely to be diagnosed with asthma compared to non-
wheezers (at 12 months: prevalence ratio 13.37; 18 months:
prevalence ratio 5.71; 24 months: prevalence ratio 7.63; 36
months: prevalence ratio 6.48). Hence, the two characteriza-
tions, asthma and wheezing, produce similar results. How-
ever, the doctor’s intervention may explain the stronger effect
of the reverse causation for asthma.

To investigate whether discontinuing participation may
have introduced a bias, we analyzed whether asthma or cow’s
milk exposure ascertained in a preceding survey influenced

43 parents to temporarily or permanently withdraw from the
4 study. Neither variable was significantly associated with the
35 observed loss to follow-up. Hence, it is unlikely that either
e ®
e 25 TABLE 4.—Reverse causation: asthma as predictor of cow’s milk exposure in
§ 2 the next period (n = 1,735 observations from 696 participants).
O
5 Parameter Odds ratiof (95% CI)
1 -
Asthma
05 I ) I Yes 0.40 (0.16,0.99)
0 I f Parental atopy
12 18 24 36 Mother atopic 1.18 (0.83, 1.66)
Month Both Parents atopic 1.18 (0.85, 1.62)
onths Mother’s education
) o o High (>13 years) 1.56 (1.01, 2.43)
FIGURE 3.—Estimated odds ratios (with 95 percent confidence limits) for the de- Medium (11-12 years) 1.27 (0.89, 1.80)

layed model regarding the effect of cow’s milk consumption on the development
of childhood asthma, stratified by survey period.

fControlling for country of residence.
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non-participation in one survey or permanently leaving the
study has changed the composition of the cohort in such as
way that would have biased the reported associations between
cow’s milk and asthma.

Our decision not to collapse cow’s milk, formula, and hy-
poallergic formula into one variable is supported by skin prick
test results and determination of specifc IgE conducted at
12 months of age (18). Use of any formula was related to a
lower incidence of sensitization (4.4% [22/504] compared to
9.7% [11/113], p = 0.02). Conversely, cow’s milk exposure
showed no pattern of association: 6.2% [20/321] in children
with exposure compared to 5.0% [14/280] without. All chil-
dren sensitized to milk allergen were exposed to solid food
before age 12 months.

Besides the cow’s milk exposure variable, several of the
other known risk factors for childhood asthma also showed
significant associations in the repeated measurement mod-
els. For instance, having a history of atopy in both parents
(as opposed to only one parent or no parents with a history
of atopy) was associated with a 5- to 10-fold increase in the
risk of childhood asthma over the first 3 years of life (data
not shown). The presence of LRTI early in life was also re-
lated to a significant increase in the risk of childhood asthma
(Table 3). In addition, whether the participant was part of the
intervention group had no effect on the investigated associ-
ations and was eliminated in the modeling procedure. This
finding supports a study by Horak et al. who also reported that
the intervention status of the newborn cohort of the SPACE
project had little or no effect on asthma or other allergic dis-
ease (26). Current pet exposure was associated with a higher
occurrence of asthma in the repeated measurement models
(Table 3). However, the adverse effect disappeared when we
used pet exposure of the preceding investigation as a predic-
tor. We also investigated the two more prevalent type of pets,
namely dogs and cats. There were no substantial differences.

One limitation of this study is that participants received
follow-up only until 3 years of age. It has long been known
that the development of asthma may take longer than the first
3 years of life. Further, it has also been noted that even if
asthma occurs in the first few years of life it does not neces-
sarily follow that it will be present, for example, at 10 years
of age or beyond (27). Another limitation is that within the
individual follow-up periods of 6 to 12 months, no additional
information was collected on when symptoms and diagnoses
occurred for the first time.

In addition, we do not have information about day-care
attendance in this group of children. However, due to paid
maternal leave in most European countries, day-care atten-
dance is infrequent in children below age 3. Further, there
is no suspicion that day-care attendance would confound for
the cow’s milk—asthma association.

In each follow-up, the project collected specific informa-
tion on the introduction of solid food such as baby rice, other
cereals, hen’s egg, pureed fruits or vegetables, instant baby
food, and an open category for other food. For each item, we
asked for child’s age (month) of introduction. We combined
this information into one variable “month of first solid food”
(datanot presented). This variable did not confound the cow’s
milk—asthma association.

The design of our study derives strength from the use of re-
peated measurements taken over the first 3 years of life, thus
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enabling within-subject associations to be accounted for and
increasing the power of the study results. Another strength of
this study was that at least one of the parents of each partici-
pant had a history of atopy. This allowed us to investigate the
effect of cow’s milk consumption in a group that was already
at high risk for the development of asthma.

With the availability of both repeated outcome and expo-
sure measurements, our cohort design facilitated the investi-
gation of the cow’s milk-asthma association from exposure
to outcome (forward causation), as well as from outcome to
exposure (reverse causation). We believe that by being able to
include a reverse causation analysis we have provided a more
accurate explanation for the cow’s milk-asthma association.

Our study indicates that reverse causation can adequately
account for the cow’s milk—asthma association. We are aware
of biological mechanisms that have been proposed to explain
this association. For example, some studies have proposed
the direct and indirect effect of proteins and polyunsaturated
fatty acids in cow’s milk on the development of asthma (28—
33). Since our findings indicate reverse causation, there is no
need to invoke such biological explanations.

In conclusion, our study has revealed the possibility that
time-dependent risk factors may produce false findings. Fac-
tors such as cow’s milk exposure, pet keeping, and parental
smoking can be influenced and changed, specifically, as a
reaction to diseases, and thus may lead to a distortion in
the assessment of behavior-related risks. Further, our results
suggest that future studies need to consider the possibility
of reverse causation and that this bias should be more care-
fully assessed in publications dealing with behavioral risk
factors.
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