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Ashna D Mohangoo,1,2,4 Henriëtte A Moll,3 Vincent W V Jaddoe,1,3,5 Albert Hofman,5

Johan P Mackenbach,2 Hein Raat2

ABSTRACT
Background The authors assessed whether
socioeconomic inequalities in asthma symptoms were
already present in preschool children and to what extent
prenatal, perinatal and postnatal risk factors for asthma
symptoms mediate the effect of socioeconomic status
(SES).
Methods The study included 3136 Dutch children
participating in the Generation R Study, a prospective
cohort study. Adjusted ORs of asthma symptoms for low
and middle SES (household income and maternal
education) compared to high SES were calculated
after adjustment for potential confounders and also
adjusted for prenatal, perinatal and postnatal mediators
at preschool age.
Results At age 1 year, low-SES children had a 40% lower
risk of asthma symptoms compared to high-SES children
(p<0.01). However, the risk of asthma symptoms in
3- and 4-year-old low-SES children was 1.5 times higher
compared to their high-SES age mates (p<0.05). The
positive associations at age 1 year were particularly
modified by postnatal factors (up to 38%). In toddlers,
prenatal factors explained up to 58% of the negative
associations between SES and asthma symptoms.
Conclusions SES indirectly affects asthma symptoms at
preschool age. The inverse association between SES and
asthma symptoms emerges at age 3 years. This is
particularly due to a high level of adverse prenatal
circumstances in low-SES toddlers. Future research
should evaluate public health programs (during pregnancy)
to reduce socioeconomic inequalities in childhood asthma.

INTRODUCTION
Recently, marked variations in the prevalence of
asthma were shown between countries, with the
highest rates in children living in countries under-
going rapid development.1 Also within a country,
the prevalence of asthma showed a mixed picture
and disproportionally affected various socioeco-
nomic status (SES) groups.2

It remains unclear to what extent disparities
in preschool asthma symptoms are due to socio-
economic differences. In-depth reports on socio-
economic inequalities in asthma symptoms in
preschool children are scarce, and results are
conflicting. While some studies report that asthma
prevalence is disproportionately high among low-
SES children,3e8 others found no or only a weak
association between SES and asthma.9e13 Four of
these studies analysed preschool children.3 6e8 In

preschool children, an asthma-symptom-based
rather than an asthma-diagnosis-based approach
has been proposed because it is difficult to diagnose
asthma prior to age 5.14 Our main hypothesis is
that SES may indirectly affect asthma symptoms,
such as wheezing and breathlessness: low-SES
children are more likely to be susceptible to asthma
symptoms due to a high level of common risk
factors, such as tobacco smoke exposure,15 whereas
protective factors such as breastfeeding16 are less
common in low-SES families.17

This is the first longitudinal study in a large
ethnically homogeneous population to investigate
the association between SES and asthma symp-
toms at preschool age. We examined to what extent
known risk factors for asthma in the prenatal,
perinatal and postnatal period mediate the effect of
SES. This study elucidates the mechanisms under-
lying the association between SES and asthma
symptoms at preschool age and helps identify areas
needing attention to promote child healthcare.

METHODS
Study design
This study was embedded in the Generation R
Study, a population-based prospective cohort
study.18 19 Consent for postnatal follow-up was
available for 7295 children. Since socioeconomic
disparities in asthma may vary by ethnicity, the
present study was restricted to an ethnically
homogeneous population.20 A total of 3824 chil-
dren were assigned Dutch ethnicity. In accordance
with the Dutch Standard Classification, we
assigned a Dutch ethnicity to a child if both parents
were born in the Netherlands.21 To take into
account third-generation immigrants, a child was
considered Dutch if both parents were born in the
Netherlands and at least one grandparent of both
parents was born in the Netherlands. If children
had one or both parents born abroad, and all four
grandparents born in the Netherlands (n¼54), these
children were also considered Dutch. The study
was conducted in accordance with the guidelines
proposed in the Declaration of Helsinki. The
Medical Ethics Committee of the Erasmus Medical
Center, Rotterdam, approved the study, and
written informed consent was obtained.

Socioeconomic status
Two individual indicators of SES were used in this
study: maternal educational level and household
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income. Maternal educational level was established at enrolment
and categorised as follows: low (<4 years of high school),
mid-low (college), mid-high (bachelor) and high (master).22

Data on income were available at age 2 years. Parents reported
their own average net monthly income. Responses were
categorised into three levels: low (<V2000/month, ie, below
modal income),23 middle (V2000�V3300/month) and high
(>V3300/month).

Asthma symptoms
In preschool children, it is difficult to diagnose asthma because
symptoms are non-specific, often transient, and no diagnostic
tests are available. In preschool children, asthma has commonly
been defined as the presence of parent-reported asthma symp-
toms.24 Parentally retrieved questionnaires were obtained at ages
1, 2, 3 and 4 years. ‘Wheezing and breathlessness during the past
year (yes, no)’ were measured with validated questions taken
from the International Study of Asthma and Allergies in
Childhood.25

Covariates
Selection of covariates was based on reports of early determi-
nants of childhood asthma.26 27 Child’s gender and exact age at
measurement and age of mother at enrolment were treated as
confounders. The effect of SES on the risk of asthma symptoms
is likely to act through mediators (see figure 1). The following
covariates (in italics) were treated as mediators (categorised in
prenatal, perinatal and postnatal mediators):

Information on prenatal mediators was established using
postal questionnaires during pregnancy. These included smoking
during pregnancy (yes, no); maternal atopy (yes, no); maternal
psychopathology during pregnancy as assessed using the Global
Severity Index (GSI) of the Brief Symptom Inventory (a vali-
dated self-report measure, which consists of 53 positive and
negative self-appraisal statements)28; long-lasting difficulties
during the year preceding the pregnancy as evaluated with a 12-
item checklist29 and (poor) family functioning as measured with
the Family Assessment Device (FAD: a validated self-report 12-
item questionnaire) during pregnancy.30 Respective item scores
were summed to derive a total score of the GSI (range 0e2.29),
checklist for long-lasting difficulties (range 0e18) and FAD
(range 1e3.75), with higher scores denoting more symptoms.
Total scores were divided into tertiles (cut-off points: GSI (1.25

and 1.75); checklist for long-lasting difficulties (1 and 3); FAD
(0.08 and 0.19)).
Perinatal factors included birth weight (in grams) and gestational

age at birth (in weeks). Both were obtained from medical records.
Postnatal factors were established using questionnaires and

included: breastfeeding at age 6 months (yes, no); keeping pets
(yes, no) at age 1 year; having siblings (yes, no) at ages 2 and
3 years; day-care attendance (yes, no) at ages 1, 2 and 3 years;
tobacco smoke exposure (yes, no) measured at age 6 months and
ages 2 and 3 years; eczema (yes, no) at age 3 years and respiratory
tract infections at ages 1, 2, 3 and 4 years. Parents were asked
whether their child has been to a doctor with fever and cough/
runny or blocked nose/ear ache in the preceding year to define
respiratory tract infections (yes, no).

Statistical analyses
The associations between SES and asthma symptoms in children
at ages 1, 2, 3 and 4 years were analysed using generalised esti-
mating equation models (using complete cases) to address the
analysis using multiple observations per child. To save space, we
only explained the positive association at age 1 and negative
association at age 4 between SES and asthma symptoms.
Because the missing values were not completely at random,
complete-case analysis was likely to introduce biased results. A
multiple imputation method was used to impute missing values
(with a maximum percentage missing of 20%).31 Missing values
in the study variables ranged from 0% (birth weight) to 29%
(tobacco smoke exposure at age 6 months). Ten imputed data
sets were generated using a fully conditional specified model to
handle missing values. Imputations were based on the relations
between all variables in the study. We computed five multivar-
iable logistic regression models. We used the ENTER method to
construct our models. This method enters all variables at the
same time. The highest income level and maternal educational
level were set as reference. First, we fit a model that was
adjusted for confounders (Basic model). When results of the
Basic model showed significant results, we added the hypoth-
esised mediators separately (prenatal, perinatal and postnatal
mediators) to show the impact on the association between SES
and asthma symptoms. Finally, we adjusted for all variables
simultaneously (Full model). For each adjustment, the
percentage change in OR for the SES level with a decreased or
increased risk of asthma symptoms was calculated by (1003
(ORBasic Model�OR+mediators)/(ORBasic model�1)).

No differences in results were observed between analyses with
imputed missing data or complete cases. All measures of asso-
ciation are presented in OR with their 95% CI. All analyses were
performed using SPSS V.18.0 for Windows (Statistical Package of
Social Sciences; SPSS Inc).

Non-response analysis
Families with missing data on household income (n¼688) were
compared with families who filled out the questions on house-
hold income (n¼3136). Differences between responders and
non-responders were present in covariates, except for gender,
maternal atopy, siblings, tobacco smoke exposure at age 3 years,
eczema and respiratory tract infections (p>0.05) (see online
appendix 1).

RESULTS
General characteristics
Complete data on household income were available in
3136 (1592 boys and 1544 girls) of the 3824 children (82%). For
3136 children, the parents had returned at least one of the

Socioeconomic status:
- Maternal educational level 
- Net household income 

Child’s asthma symptoms:
- Wheezing 
- Breathlessness 

Mediating factors:
- Prenatal factors
- Perinatal factors
- Postnatal factors

Potential confounders:
- Maternal age at enrolment
- Child's gender  
- Child’s exact age at measurement

Figure 1 Simplified conceptual framework for the association between
socioeconomic status and asthma symptoms at age 1, 2, 3 and 4 years.
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questionnaires at ages 0e4 years. Maternal educational level
was available in 99.7% of the 3136 children. Table 1 shows that
11% of the children were in the lowest income level and 53%
were in the highest income level, 8% of the mothers were in the
lowest educational level and 40% were in the highest educa-
tional level. Tobacco smoke exposure decreased from 14% in the
first 2 years of life to 10% at age 3 years. Respiratory tract
infections were most frequently reported at age 2 years
(47%). Day-care attendance increased from 71% at age 1 year to
95% at age 3 years. Income differences were present in all
outcomes and covariates, except for gender, maternal atopy,
breastfeeding and respiratory tract infections at ages 2 and
4 years. Children from low-income families had a lower mean
birth weight, less siblings, less day-care attendance and less
respiratory tract infections at age 1 year, but more often respi-
ratory tract infections at age 3 years, compared to children from
high-income families. Mothers with highest tertile psychopa-
thology scores, long-lasting difficulties scores and poor family
functioning scores during pregnancy more often were in the
lowest income group. Low-income mothers more often had

a shorter gestational duration and kept pets compared to
high-income mothers.

Associations between SES and asthma symptoms
The prevalence of asthma symptoms decreased with increasing
age. In the first year of life, wheezing and breathlessness showed
a positive household income gradient and at ages 3 and 4 years
a negative household income gradient (figure 2). After adjust-
ment for potential confounders, low-income children were at
lower risk of wheezing at age 1 year (adjusted OR (aOR)¼0.71,
95% CI 0.53 to 0.95), at higher risk of wheezing at ages 3 and
4 years (aOR¼1.57, 95% CI 1.09 to 2.26 and aOR¼1.53, 95% CI
1.06 to 2.22, respectively); and low-income and middle-income
children were at higher risk of breathlessness at age 3 years
(aOR¼1.87, 95% CI 1.31 to 2.67 and aOR¼1.43, 95% CI 1.12 to
1.84, respectively) compared to high-income age mates (figure 3).
A negative maternal educational gradient in child’s wheezing

and breathlessness was found after the second year of life
(figure 2). After adjustment for potential confounders, children
of low-educated mothers were at lower risk of wheezing and

Table 1 Characteristics of the total study population, by household income level (n¼3136)

Characteristics

Household income (V/month)

Total <2000 2000e3300 >3300
p Value*N[3136 n[342 (10.9) n[1130 (36.0) n[1664 (53.1)

Gender (boy) 1594 (50.8) 193 (56.4) 583 (51.6) 818 (49.2) 0.014

Maternal age at enrolment (years) 32.3 (3.9) 30.6 (5.2) 31.6 (4.2) 33.1 (3.1) <0.001

Single motherhood (yes) 113 (3.7) 60 (17.7) 28 (2.5) 25 (1.5) <0.001

Maternal educational level

Low 262 (8.4) 95 (27.9) 131 (11.6) 36 (2.2)

Mid-low 747 (23.9) 138 (40.6) 372 (33.0) 237 (14.3) <0.001

Mid-high 875 (28.0) 75 (22.1) 400 (35.5) 400 (24.1)

High 1242 (39.7) 32 (9.4) 223 (19.8) 987 (59.5)

Prenatal characteristics

Maternal psychopathology (highest tertile) 789 (31.5) 139 (51.3) 310 (34.9) 340 (25.5) <0.001

Long-lasting difficulties (highest tertile) 703 (25.6) 133 (47.5) 287 (28.9) 283 (19.1) <0.001

Poor family functioning (highest tertile) 439 (17.6) 77 (28.9) 187 (21.3) 175 (13.0) <0.001

Smoking during pregnancy (yes) 545 (21.4) 117 (40.5) 217 (23.7) 211 (15.7) <0.001

Maternal atopy (yes) 1087 (38.9) 128 (41.3) 385 (38.0) 574 (39.0) 0.753

Perinatal characteristics

Birth weight (grams) 3506.8 (589.8) 3445.6 (593.7) 3491.5 (581.6) 3525.9 (572.2) <0.001

Gestational age at birth (weeks) 39.9 (1.8) 39.9 (1.7) 39.9 (1.8) 40.0 (1.8) <0.001

Postnatal characteristics

Breastfeeding at age 6 months (yes) 913 (30.9) 105 (33.7) 308 (29.1) 500 (31.5) 0.944

Keeping pets (yes) 1147 (41.3) 170 (58.6) 505 (50.9) 472 (31.6) <0.001

Siblings $2 (yes)

Age 2 years 1834 (58.6) 165 (48.4) 591 (52.4) 1078 (64.9) <0.001

Age 3 years 2111 (75.8) 160 (57.1) 709 (71.4) 1242 (82.1) <0.001

Day-care attendance (yes)

Age 1 year 1808 (70.5) 77 (28.7) 559 (61.6) 1172 (84.4) <0.001

Age 2 years 2274 (78.3) 152 (47.9) 735 (71.8) 1387 (88.7) <0.001

Age 3 years 2633 (95.1) 250 (90.3) 927 (93.7) 1456 (96.9) <0.001

Tobacco smoke exposure (yes)

Age 6 months 306 (13.7) 58 (26.6) 142 (17.8) 106 (8.7) <0.001

Age 2 years 424 (13.6) 107 (31.8) 172 (15.3) 145 (8.8) <0.001

Age 3 years 288 (10.3) 74 (26.3) 117 (11.7) 197 (6.4) <0.001

Eczema (yes) 583 (21.3) 54 (19.6) 187 (19.1) 342 (23.0) 0.033

Respiratory tract infections (yes)

Age 1 year 1141 (42.2) 109 (38.9) 385 (39.7) 647 (44.9) 0.008

Age 2 years 1378 (46.7) 134 (41.9) 502 (47.4) 742 (47.3) 0.190

Age 3 years 783 (28.7) 92 (34.3) 296 (30.3) 395 (26.6) 0.003

Age 4 years 698 (25.5) 85 (31.8) 236 (24.0) 377 (25.4) 0.227

Values are absolute numbers (percentages) for categorical variables or means (SD) for continuous variables.
*UNIANOVA for continuous variables and c2 tests for categorical variables.
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breathlessness at age 1 year (aOR¼0.58, 95% CI 0.41 to 0.82 and
aOR¼0.63, 95% CI 0.44 to 0.92, respectively), at higher risk of
breathlessness at age 3 years (aOR¼1.63, 95% CI 1.06 to 2.51)
and at higher risk of breathlessness at age 4 years (aOR¼1.62,
95% CI 1.05 to 2.50); children of mid-low educated mothers
were at higher risk of wheezing and breathlessness at age 3 years
(aOR¼1.56, 95% CI 1.15 to 2.12 and aOR¼1.69, 95% CI 1.26 to
2.27, respectively) and at higher risk of wheezing at age 4 years
(aOR¼1.43, 95% CI 1.06 to 1.94); and children of mid-high
educated mothers were at lower risk of wheezing at age 1 year
(aOR¼0.81, 95% CI 0.66 to 0.99) and at higher risk of wheezing
at age 3 years (aOR¼1.35, 95% CI 1.01 to 1.82) compared to age
mates of high-educated mothers (figure 3).

Table 2 showed that the 28% lower risk of wheezing in low-
income children compared to high-income age mates was
neutralised after adjustment for postnatal factors at age 1 year.
In 1-year-old children of low-educated mothers, postnatal
factors explained 19% ((0.58�0.66/0.58�1)3100) and 38%
((0.63�0.77/0.63�1)3100) of the decreased risk of wheezing
and breathlessness, respectively. This was mainly due to the
variables day-care attendance, respiratory tract infections and
presence of siblings (see online appendix 2).

At age 3 years (data not shown), prenatal factors explained
74% ((1.87�1.50/1.50�1)3100) of the elevated risk of breath-
lessness in low-income children. This was mainly due to the
variables maternal psychopathology and maternal atopy. At age
4 years, adjustment for prenatal factors reduced the aOR for the
association between low income and wheezing and breathless-
ness to 1.24 and 1.15, respectively. Prenatal factors explained
58% ((1.62�1.26/1.62�1)3100) and postnatal factors explained

32% ((1.62�1.42/1.62�1)3100) of the elevated risk of breath-
lessness in children of low-educated mothers. The aOR in the
full model only remained significant for the association between
mid-low maternal educational level and child’s wheezing at age
4 years.

DISCUSSION
This longitudinal cohort study in an ethnically homogeneous
group showed that the direction of the association between SES
and asthma symptoms changed from a positive association at
age 1 year into a negative association at age 3 and 4 years. The
pathway between SES and asthma symptoms particularly was
mediated by postnatal factors in the first year of life and by
prenatal factors in toddlers.

Comparison with other studies
Mielck et al32 reviewed 22 studies on the association between
SES and childhood asthma and demonstrated conflicting results.
Although findings regarding the strength and direction of the
SES gradient remain mixed, most studies revealed that children
from low-SES families more often have asthma symptoms or an
asthma diagnosis.3e8 17 33 Comparison of our results with earlier
findings is hampered due to different age groups, indicators of
SES and various asthma outcomes that were applied. Several
studies used dichotomised physician-diagnosed asthma
outcomes.4 5 8 10 12 13 17 Some studies applied wheezing as an
outcome in the association between SES and asthma.9 11 13 17

Only one study has investigated the association between SES
and asthma symptoms in preschool children at three different
time points, and they identified pathways through which
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Figure 2 Prevalence of wheezing and breathlessness by socioeconomic status (household income and maternal educational level) at preschool age.
Prevalences are unadjusted (n¼3136).
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income might influence childhood asthma symptoms. They
found a mediating effect of some (grand) parental risk factors.11

We evaluated household income and maternal education as
two separate indicators of SES in relation with asthma symp-
toms. This study shows that both household income and
maternal education affect asthma symptoms at preschool age in
a similar way. Furthermore, associations with these two indi-
cators of SES showed a similar pattern for wheezing and
breathlessness. This supports the evidence for the presence of an
association between SES and asthma symptoms at preschool
age. This is the first longitudinal study that showed a change in
the direction of the association between SES and asthma
symptoms at preschool age. The inconsistent findings on
the association between SES and asthma in previous studies may
(in part) be due to the use of cross-sectional data at one moment
in time.

Association between SES and asthma symptoms
Most preschool children with asthma symptoms, such as
wheezing and breathlessness, do not really develop asthma.34

Wheezing and breathlessness are non-specific, many times
related to respiratory tract infections. Therefore, adjustment
was made for (indicators of) respiratory tract infections.

Interestingly, the positive association between SES and
asthma symptoms at age 1 was particularly explained by
postnatal factors (including respiratory tract infections); the

postnatal factors considerably attenuated the association
between SES and asthma symptoms compared to prenatal and
perinatal factors. Possible mechanisms by which these postnatal
factors may influence asthma symptoms in the first year of life
have previous been reported35: postnatal factors such as day-care
attendance and the presence of siblings were associated with
transient early wheeze, probably because they increase the risk
of respiratory tract infections. So, at age 1 year, it is likely that
wheezing and breathlessness are symptoms of infection.
In toddlers, we showed that particularly prenatal factors

mediated the associations found between SES and asthma
symptoms. Prenatal factors such as maternal psychopathology,
long-lasting difficulties and poor family functioning during
pregnancy might be indicators of prenatal stress. Previous
studies showed that prenatal stress, smoking during pregnancy
and maternal atopy are associated with asthma symptoms.36e39

Possible mechanisms by which these prenatal factors may
influence the development of asthma symptoms have also
been reported: (1) prenatal stress may contribute to asthma
pathogenesis via neuroendocrine and immune pathways,36

(2) pulmonary/airway development goes ‘off track’ in utero in
children born of smoking mothers40 and (3) maternal atopy
could be seen as an indicator of genetic predisposition to
childhood asthma.41

The concept that childhood asthma symptoms comprise
several heterogeneous wheezing phenotypes may be in line with
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Figure 3 Associations between socioeconomic status (household income and maternal educational level) and wheezing and breathlessness, based
on generalised estimating equation models. Models were adjusted for maternal age and child’s gender. Adjusted ORs (aOR) and 95% CI were given
(allowing for a time trend) for each year of age separately (n¼3136).
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our findings. Rusconi et al42 found different patterns of risk
factors for different wheezing phenotypes. Having siblings and
day-care attendance were risk factors for transient early
wheezing. Maternal atopy and maternal smoking during preg-
nancy were more likely to be associated with persistent
wheezing.41 Taken together, this may suggest that high-SES
children more often have early transient wheezing and low-SES
children are more susceptible to develop persistent wheezing,
which is often considered a risk factor for developing asthma.43

In the future, the follow-up of our cohort will determine
whether the increased prevalence of asthma symptoms in
certain SES groups represents a temporary association in early
childhood or predicts progression to asthma.

While SES is strongly related to perinatal factors,44 these
factors hardly contributed to the explanation of the observed
socioeconomic differences in asthma symptoms at preschool
age, suggesting that a low SES does not influence a child’s risk to
asthma symptoms through its link with birth weight and
gestational age.

The strongest associations were found for SES (maternal
educational level) and wheezing at age 1 and associations
between SES (household income or maternal educational level)
and breathlessness at age 3; these associations remain statisti-
cally significant after applying a Bonferroni correction for
multiple testing (p<0.003; ie, 0.05/16).

A substantial proportion of the effect of SES on asthma
symptoms remained unexplained; it could be argued that genetic
factors and gene-by-environment interactions among distinct
socioeconomic groups might predispose infants to the develop-
ment of asthma symptoms.45 It should be acknowledged that, in
the present study, unmeasured variables, such as traffic air
exposure or different attitudes towards the use of the healthcare,
could (in part) explain the association between SES and asthma
symptoms.

Methodological considerations
Strengths of this study are the design with repeated measure-
ments of asthma symptoms and covariates. Stratification by
asthma symptoms and the use of both household income and
maternal educational level as indicators of SES are other original
contributions of our study.
Some limitations need to be addressed. Selection bias due to

non-response would be present if the associations of household
income with asthma symptoms differ between those with
(n¼3824) and those without (n¼688) data on household
income. Although the general characteristics of those with
versus without data on household income were different, no
differences in asthma symptoms were found. Thus, selection
bias due to non-response on household income seems unlikely
but cannot be excluded. Another limitation was that the

Table 2 Multivariable logistic regression models fitted on wheezing and breathlessness at ages 1 and 4 years (n¼3136)

Variables Basic model Model ’prenatal’ Model ’perinatal’ Model ’postnatal’ Full model

Wheezing; age 1 year

>V3300/month income 1.00 1.00 1.00 1.00 1.00

V2000eV3300/month income 0.84 (0.70 to 1.02) 0.80 (0.64 to 0.99) 0.84 (0.69 to 1.02) 0.93 (0.73 to 1.17) 0.92 (0.70 to 1.21)

<V2000/month income 0.72 (0.54 to 0.96) 0.64 (0.45 to 0.90) 0.71 (0.53 to 0.95) 1.07 (0.74 to 1.56) 1.00 (0.65 to 1.55)

High maternal education 1.00 1.00 1.00 1.00 1.00

Mid-high maternal education 0.81 (0.66 to 0.99) 0.76 (0.61 to 0.95) 0.81 (0.66 to 0.99) 0.86 (0.67 to 1.09) 0.81 (0.62 to 1.06)

Mid-low maternal education 0.93 (0.76 to 1.15) 0.87 (0.69 to 1.11) 0.93 (0.75 to 1.14) 1.14 (0.87 to 1.49) 1.10 (0.81 to 1.49)

Low maternal education 0.58 (0.41 to 0.82) 0.54 (0.36 to 0.80) 0.56 (0.40 to 0.80) 0.66 (0.40 to 1.08) 0.63 (0.36 to 1.09)

Wheezing; age 4 years

>V3300/month income 1.00 1.00 1.00 1.00 1.00

V2000eV3300/month income 1.12 (0.85 to 1.46) 1.15 (0.85 to 1.56) 1.11 (0.85 to 1.45) 1.18 (0.89 to 1.56) 1.27 (0.92 to 1.74)

<V2000/month income 1.47 (1.01 to 2.16) 1.24 (0.78 to 1.98) 1.47 (1.00 to 2.15) 1.38 (0.92 to 2.09) 1.24 (0.76 to 2.02)

High maternal education 1.00 1.00 1.00 1.00 1.00

Mid-high maternal education 0.94 (0.69 to 1.27) 0.99 (0.70 to 1.40) 0.93 (0.69 to 1.27) 0.93 (0.68 to 1.27) 1.01 (0.70 to 1.45)

Mid-low maternal education 1.43 (1.06 to 1.94) 1.39 (0.97 to 1.99) 1.42 (1.05 to 1.92) 1.41 (1.02 to 1.94) 1.54 (1.05 to 2.25)

Low maternal education 1.46 (0.94 to 2.27) 1.41 (0.83 to 2.40) 1.44 (0.92 to 2.23) 1.38 (0.85 to 2.25) 1.52 (0.86 to 2.69)

Breathlessness; age 1 year

>V3300/month income 1.00 1.00 1.00 1.00 1.00

V2000eV3300/month income 0.84 (0.69 to 1.01) 0.73 (0.59 to 0.91) 0.84 (0.69 to 1.01) 0.92 (0.73 to 1.16) 0.81 (0.62 to 1.06)

<V2000/month income 0.77 (0.57 to 1.04) 0.63 (0.44 to 0.90) 0.77 (0.57 to 1.04) 1.02 (0.68 to 1.51) 0.89 (0.55 to 1.42)

High maternal education 1.00 1.00 1.00 1.00 1.00

Mid-high maternal education 0.96 (0.78 to 1.19) 0.80 (0.63 to 1.02) 0.96 (0.78 to 1.19) 0.91 (0.70 to 1.17) 0.79 (0.60 to 1.06)

Mid-low maternal education 1.04 (0.83 to 1.30) 0.88 (0.68 to 1.13) 1.03 (0.83 to 1.29) 1.14 (0.86 to 1.51) 1.06 (0.76 to 1.47)

Low maternal education 0.63 (0.44 to 0.92) 0.57 (0.37 to 0.87) 0.62 (0.43 to 0.90) 0.77 (0.47 to 1.26) 0.77 (0.44 to 1.35)

Breathlessness; age 4 years

>V3300/month income 1.00 1.00 1.00 1.00 1.00

V2000eV3300/month income 1.13 (0.87 to 1.47) 1.01 (0.74 to 1.38) 1.13 (0.87 to 1.47) 1.14 (0.86 to 1.51) 1.06 (0.77 to 1.47)

<V2000/month income 1.46 (0.99 to 2.15) 1.15 (0.72 to 1.84) 1.45 (0.99 to 2.14) 1.24 (0.81 to 1.89) 1.04 (0.63 to 1.71)

High maternal education 1.00 1.00 1.00 1.00 1.00

Mid-high maternal education 1.05 (0.77 to 1.42) 0.93 (0.66 to 1.33) 1.04 (0.77 to 1.42) 1.01 (0.74 to 1.39) 0.92 (0.64 to 1.32)

Mid-low maternal education 1.32 (0.96 to 1.81) 1.12 (0.77 to 1.62) 1.31 (0.96 to 1.79) 1.22 (0.87 to 1.71) 1.14 (0.77 to 1.70)

Low maternal education 1.62 (1.05 to 2.50) 1.26 (0.74 to 2.15) 1.60 (1.04 to 2.47) 1.42 (0.87 to 2.31) 1.22 (0.69 to 2.17)

Values are adjusted ORs (95% CI).
Basic model (BM): association between socioeconomic status and wheezing, adjusted for potential confounders (maternal age at enrolment, child’s gender and exact age at measurement).
Model ‘Prenatal’: BM + smoking, maternal psychopathology, long-lasting difficulties and poor family functioning during pregnancy and maternal atopy.
Model ‘Perinatal’: BM + birth weight and gestational age.
Model ‘Postnatal’: BM + breastfeeding, keeping pets, siblings, day-care attendance, tobacco smoke exposure, eczema and respiratory tract infections.
Full model: BM + adjustment for ‘Prenatal’, ‘Perinatal’ and ‘Postnatal’ models.
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population studied appeared to be relatively affluent: 53% was
categorised as high income and 40% had a mother with a high
educational level. Therefore, our results may not be generalisable
to more deprived populations. Because the highest household
income category was predefined (>V3300/month), we were not
able to study the effect of two or three times the modal income
on asthma symptoms. We recommend that future studies focus
on asthma symptoms in more detailed household income
subgroups.

Asthma symptoms were parent reported in the Generation R
Study. It remains debatable whether or not parents’ reports on
asthma symptoms are accurate or not.46 47 We used validated
questions on the frequency of asthma symptoms, taken from
the International Study of Asthma and Allergies in Childhood
questionnaires as they were previously used in the Dutch
PIAMA cohort.48

We recommend future studies to explore the association
between SES and asthma symptoms, with the use of structural
equations models in addition to a logistic regression framework,
to gain more insight in the mediating pathways.

CONCLUSIONS
SES indirectly affects asthma symptoms, already at preschool
age. Socioeconomic inequalities in preschool asthma symptoms
have their origin early in life and come to expression as an
inverse association at the third year of life. SES in early life is
important since studies found that changes in later family
income did not offset the effects of early-life SES in terms of
children’s risk of having asthma.12 Follow-up is needed to
establish any effect of SES on the persistence of asthma symp-
toms later in life. We recommend more studies in varied popu-
lations to confirm or reject these findings and to evaluate public
health programmes (during pregnancy) to reduce socioeconomic
inequalities in childhood asthma.
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