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appearance of these phenotypes with populations around 
the world could contribute to understanding the global 
asthma epidemic. 

 Despite the high burden of disease, some of the pre-
vailing theories for the increase in asthma, specifi cally the 
‘hygiene hypothesis’, have not yet been investigated in 
these communities. The ‘hygiene hypothesis’ suggests 
that increased hygienic practices of 20th Century West-
ern lifestyle, including reduced exposure to bacteria and 
viruses early in life, are contributing factors to the in-
crease in allergic disease seen in the last century  [5] . This 
hypothesis was fi rst proposed by Strachan  [6]  to explain 
the inverse association he observed between allergic rhi-
nitis and the number of siblings living in the house when 
the individual was young. 

 An inverse birth order effect on both atopy and, to a 
somewhat lesser extent, on asthma has been reported in 
numerous studies worldwide  [5–7] . In 2002, Karmaus 
and Botezan  [7]  reviewed the literature and reported that 
out of 31 studies reporting on the effect of sibship size on 
asthma and wheezing, 22 (18 of them statistically signifi -
cant) reported a negative association with odds ratios 
(ORs) ranging from 0.2 to 0.84. In addition, they listed 
11 studies that reported an association between reduced 
incidence of eczema in the fi rst year of life as well as al-
lergen-specifi c sensitization at age 4 with increasing sib-
ship. The authors estimated that whatever the causal fac-
tors for the ‘sibling effect’ in children measured at various 
ages are it might be responsible for more than 30% of all 
cases of eczema, allergic rhinitis and asthma. Strachan 
 [5] , in discussing the effect of birth order and socioeco-
nomic factors on atopy and asthma, assessed that those 
factors, taken individually or in combination, could only 
account for a small proportion of the observed doubling 
of prevalence of those conditions in a 12-year study pe-
riod (1958 and 1972 birth cohorts in the United King-
dom). 

 The high incidence of asthma in our Northern Man-
hattan community and other low-income minority inner-
city communities in the United States cannot be ex-
plained by the current prevailing interpretations of the 
hygiene hypothesis. The higher incidence of asthma and 
allergies in higher social classes around the world is 
thought to be caused by factors associated with their high-
er standards of hygiene  [5, 6] . The higher incidence of the 
disease in our low-income, low socioeconomic status in-
ner-city community cannot be ascribed to any known 
higher hygienic standards, and thus, together with other 
similar inner city communities in the US, poses a chal-
lenge to the hygiene hypothesis as it currently stands. 

 In this paper, we will describe the prevalence of vari-
ous early phenotypes of allergic disease, including total 
IgE, allergic symptoms and wheeze found in a cohort of 
inner-city New York children in the fi rst 3 years of life 
and compare it with those reported in other populations 
around the world, where generally a lower prevalence of 
asthma has been reported. The infl uence of birth order 
and the sibling effect on the development of early mark-
ers of allergy in the fi rst 3 years will also be addressed  [5, 
7] . These comparisons will subsequently be discussed in 
terms of the ‘hygiene hypothesis’ and other hypotheses 
attempting to explain the development of asthma, and 
whether or how these hypotheses might specifi cally apply 
to inner-city minority populations in the US. 

 Materials and Methods 

 Study Cohort 
 Children were enrolled as part of a prospective birth cohort 

study of lower-income African-American and Dominican mothers 
and their children living in Northern Manhattan and the South 
Bronx. The study is being conducted by the Columbia Children’s 
Center for Environmental Health, and enrollment has been de-
scribed previously  [8, 9] . Briefl y, pregnant nonsmoking women 
were recruited to participate in the study through various sources 
in the Bronx and Northern Manhattan, including prenatal clinics, 
WICC (Women, Infant and Children offi ce) fl yers and referrals. 
The study cohort was restricted to women aged 18–35 who identi-
fi ed themselves as African-American or Dominican and had re-
sided in Northern Manhattan (central Harlem or Washington 
Heights) or the South Bronx for at least 1 year before pregnancy. 
Additional exclusion factors included the use of any tobacco prod-
ucts during pregnancy as well as the use of illicit drugs or diagnosis 
of hypertension, diabetes or HIV infection, or having had their fi rst 
prenatal visit after the twentieth week of pregnancy. 

 Participation included periodic administration of detailed 
questionnaires, blood collection from the mother and the child, as 
well as assessment of environmental exposures including allergens 
(cockroach, mouse and dust mites), endotoxin and air pollutants. 
Enrollment is ongoing, and to date, 616 mothers have been en-
rolled. For the analyses in this paper, measurements of total serum 
IgE were available from 321 of the mothers, 291 cord blood samples 
from the infants, 244 of the children at 24 months and 155 of the 
children at 36 months. Allergy-specifi c IgE data will be reported in 
a later communication. Because of some missed participation at 
different time points and an enrollment period of several years, the 
specifi c participants at the different ages vary, with 144 and 83 of 
the children in the cord blood group also being assessed at ages 24 
and 36 months, respectively. There were 137 children who had IgE 
measured both at 24 and 36 months. A larger number of children 
were available for the analysis of allergic symptoms ( tables 1 ,  3 ). 

 Questionnaire 
 A detailed questionnaire including asthma and allergic disease 

outcomes and risk factors was administered prenatally and at 12, 
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24 and 36 months, with additional less detailed health follow-ups 
every 6 months. Data about the children obtained from the 12-, 
24- and 36-month questionnaires included a report of (1) doctor-
diagnosed eczema, (2) runny nose or itchy eyes without a cold (in 
the 3 months prior to the questionnaire) and (3) wheeze (in the 3 
months prior to the questionnaire). Birth order was defi ned as the 
number of older siblings to whom the mother had given live birth. 
Overall, 46, 30, 16 and 8% of the children were fi rst, second, third 
and fourth or higher in birth order, respectively. Premature birth 
was defi ned as a gestational age of less than 36 weeks. A question 
about the child spending time outside of the home every week (e.g., 

day care, babysitter) was included in the multivariate analysis as a 
surrogate for exposure to other children outside of the home. 

 IgE Measurement 
 Blood was collected from the mother and from cord blood at 

the time of the child’s birth, and again from the child at ages 24 and 
36 months. Total serum IgE was measured using an immunoradio-
metric assay (Total IgE IRMA, Diagnostic Products Corp., Los 
Angeles, Calif., USA). The lower limit of detection was 0.5 IU IgE/
ml. Six of the cord blood samples were considered outliers and were 
excluded from the analysis ( 1 50 IU/ml,  1 4 standard deviations 

  Table 1.  Prevalence (%) of eczema, runny nose or itchy eyes and wheeze at ages 12, 24 and 36 months 

12 months 24 months 36 months

male female total male female total male female total

Doctor-diagnosed eczema 20
(32/162)

17
(31/188)

18
(63/350)

22
(29/130)

21
(33/160)

21
(62/290)

22
(26/118)

24
(32/133)

23
(58/251)

Runny nose or itchy eyes
without a cold (in last 3 months)1

29
(48/190)

24
(46/190)

26
(94/356)

25
(33/132)

19
(31/163)

22
(64/295)

24
(28/119)

25
(33/34)

24
(61/253)

Wheeze (in last 3 months)2 24
(40/165)

17
(33/190)

21
(73/355)

20
(26/129)

12
(19/161)

16
(45/290)

16
(19/117)

8.5
(11/130)

12
(30/247)

There were no signifi cant differences (p > 0.05) in the prevalence of any of the outcomes between boys and girls (�2). 
1 Mother reported that the child had had a runny nose or itchy eyes not associated with a cold in the 3 months prior to administra-

tion of the questionnaire. 
2 Mother reported that the child had wheezed in the 3 months prior to the questionnaire.

  Table 2.  Percentage of children with cord blood total IgE greater than thresholds reported in the literature 

Study population1 n Threshold
IU/ml

Children 
above 
threshold
%

Children in Northern 
Manhattan cohort 
above threshold, % 
(n = 275)

p value

South Africa
Haus et al. [27], 1990 109 0.5 23 35 <0.02

Denmark
Hansen et al. [28], 1992 2,814 0.5 13 35 <0.001

Tucson, Arizona
Guerra et al. [19], 2004 380 0.5 18.4 35 <0.001

Detroit
Carter et al. [29], 2003 841 0.56 17 35 <0.001

German cities
Bergmann et al. [23], 1996 6,401 0.9 8.5 23 <0.001

Sweden
Croner et al. [30], 1986 1,652 0.9 12 23 <0.001

Brussels
Magnusson [20], 1988 199 1.2 19 17 <0.57

1 The study population consisted of different ethnicities, but the prevalence of children with total IgE above 
0.5 IU/ml was similar in each group.
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from geometric mean). These children did not appear to differ from 
the rest of the children with respect to the other measured variables. 
For the multivariate analysis in  tables 3  and  4 , the highest quartiles 
of total IgE in this cohort were defi ned as having  1 0.8,  6 37,  6 51 
and  6 124 IU/ml for the cord blood, at 24 months, at 36 months 
and for the mother’s samples, respectively. 

 Statistics 
 Total IgE values were log transformed with values below the 

limit of detection assigned half the limit of detection, and means 
were compared using a t test. Prevalence of symptoms was com-
pared using the  �  2  test. The association of total IgE concentrations 
at different ages was computed by Pearson’s correlation coeffi cient 
using log-transformed data. This test was also utilized with log-
transformed IgE concentrations to assess the association between 
the mother’s age and total IgE. Logistic regression was used to eval-
uate associations between high total IgE (highest quartile) and 
symptoms. All ORs were corrected for gender, ethnicity and expo-
sure to tobacco smoke at home. Additionally, ORs for wheezing 
were corrected for the mother’s report of asthma. 

 Logistic regression models were used to determine the associa-
tion between the number of siblings and the allergic outcomes. All 
of the corrected OR models had included the following variables: 
gender, cigarette smoke exposure in the home and the mother’s age. 
Additionally, ‘wheeze in the last 3 months’ was corrected for the 
mother’s reported asthma. The variables preterm birth, mother’s 

total IgE, mother reporting that the child spent time out of the home 
(i.e. daycare) and season of questionnaire administration were ini-
tially included in the multivariate analysis. However, none of these 
variables affected the models or were signifi cantly associated with 
any of the dependent or independent variables. Because of this and 
the smaller number of children for whom this information was 
available, they were removed from the analyses. 

 Results 

 Early Allergic Symptoms 
 Wheeze in the 3 months prior to administration of the 

questionnaire was more common, although not signifi -
cantly, among boys at the interviews at 24 (p = 0.051) and 
36 (p = 0.062) months ( table 1 ). Signifi cantly, more moth-
ers of African-American ethnicity had reported that their 
child had been diagnosed with eczema by a physician 
than mothers of Dominican ethnicity at the follow-up as-
sessments at 12 months (28 vs. 10%, p  !  0.001), 24 months 
(32 vs. 11%, p  !  0.001) and 36 months (33 vs. 14%, p = 
0.006). This difference in reported eczema between the 
two ethnic groups in spite of their similar IgE levels (see 
below) is currently under investigation. One possible ex-
planation is a difference in the interpretation of the ques-
tion by non-English-speaking mothers in spite of the fact 
that questionnaires are administered in both English and 
Spanish. No signifi cant differences between the two eth-
nic groups in reports of runny nose or itchy eyes without 
a cold or wheeze were found at any of these ages. 

 Total IgE 
 The geometric means (95% confi dence interval) of the 

total IgE in this cohort were 47.1 IU/ml (40–55) in the 
mother’s serum and 15.4 IU/ml (13–18) and 23.5 IU/ml 
(19–29) in the children’s sera at ages 24 and 36 months, 
respectively, comparable with levels observed in the Ger-
man multicenter study with medians of 15 and 20 IU/ml 
at ages 2 and 3, respectively  [10] . Levels of cord blood IgE 
from the children in this cohort were compared with those 
reported in the literature from other studies around the 
world ( table 2 ). Generally, our study population had sig-
nifi cantly higher levels of cord blood IgE. In our study 
population, no signifi cant differences between the two 
ethnic groups (African-Americans and Hispanics) in con-
centrations of total IgE were found for the mothers or 
children at any age. 

 The mother’s total IgE was moderately predictive of 
cord blood IgE (Pearson’s r = 0.16, p = 0.013, n = 253) 
but not of IgE at 24 months (r = 0.14, p = 0.10, n = 144) 
or at 36 months (r = 0.13, p = 0.26, n = 79). Total IgE in 

  Table 3.  Association between high total IgE at 36 months (highest 
quartile, >126 IU/ml) and early asthma symptoms 

n for 
analysis

Adjusted OR1

12 months
Doctor-diagnosed eczema 140 2.1 (0.81–5.3)
Runny nose/itchy eyes without cold 142 1.1 (0.44–2.8)
Wheeze in last 3 months 141 2.8 (1.1–7.1)

24 months
Doctor-diagnosed eczema 134 1.4 (0.52–4.0)
Runny nose/itchy eyes without cold 138 3.2 (1.1–9.4)
Wheeze in last 3 months 134 3.4 (1.2–9.8)

36 months
Doctor-diagnosed eczema 139 0.86 (0.31–2.4)
Runny nose/itchy eyes without cold 140 5.0 (1.9–13)
Wheeze in last 3 months 135 3.3 (0.97–11)

Figures in parentheses as 95% confi dence interval.
1 Adjusted OR (95% CI) for outcome if the child has total IgE 

in the highest quartile at the age of 36 months. ORs were calcu-
lated with logistic regression. All of the corrected OR models in-
cluded the following variables: gender, cigarette smoke exposure in 
the home and the mother’s age. Additionally, ‘wheeze in the last 3 
months’ was corrected for the mother reporting asthma, which was 
a signifi cant risk factor for wheeze at 24 (p = 0.006) and 36 months 
(p = 0.04).
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the cord blood showed an association with total IgE at 24 
months (r = 0.28, p = 0.001, n = 144;  fi g. 2 a) and at 36 
months (r = 0.21, p = 0.054, n = 83). There was a strong 
association between total IgE at 24 and 36 months (r = 
0.74, p  !  0.001, n = 137;  fi g. 2 b). 

 Total IgE and Symptoms 
 Elevated cord total IgE (highest quartile) and high total 

IgE at age 24 months were not signifi cantly associated 
with any of the symptoms examined in this paper at ages 
12, 24 or 36 months (adjusted OR, logistic regression). 
By contrast, those 36-month-old children with total IgE 
in the highest quartile were signifi cantly more likely to 
wheeze or have itchy eyes/runny nose without a cold at 
age 36 months ( table 3 ). These children were also more 
likely to have wheezed at 12 and 24 months. Tests for 
strongyloides stercoralis-specifi c IgG in a subset of the 
cohort with the highest IgE at age 24 months were all 
negative. This latter fi nding suggests that parasites are 
unlikely to be a major contributing factor to the total IgE 
levels measured in our cohort. 

 Associations with Birth Order 
 No signifi cant differences in total IgE at birth, 24 

months or 36 months between fi rst-born children and 
those born later were found ( fi g. 1 ). In addition, there was 
no signifi cant difference in the total IgE of the mothers 
for    whom    this    was their fi rst birth (geometric mean 
47 IU/ml, range 37–58 IU/ml) compared with those who 
had given birth to other children (mean 47 IU/ml, range 
37–60 IU/ml). An absence of signifi cant difference in 
means of the mother’s total IgE was also observed when 
the data were stratifi ed by mothers with four or more chil-
dren versus those with fewer. No association was found 
between the mother’s age and her total IgE (r = –0.042,
p = 0.5). 

 Multivariate analyses of the associations with birth or-
der are reported ( table 4 ), with birth order defi ned as one 
or more older siblings. Similar results were observed 
when the data were analyzed as three or more older sib-
lings. There were no consistent associations between birth 
order and markers of allergic disease in the fi rst 3 years 
of life. While having at least one older sibling was signif-

  Table 4.  Risk associated with higher birth order (1 or more older siblings) for elevated total IgE, eczema and 
wheeze at 12, 24 and 36 months of age 

n for 
analysis

OR1

uncorrected corrected1

Birth
Elevated total IgE in cord blood (highest quartile) 256 1.4 (0.78–2.4) 1.6 (0.83–3.0)

12 months
Doctor-diagnosed eczema 350 0.59 (0.34–1.03) 0.64 (0.34–1.2)
Runny nose/itchy eyes without cold 356 1.6 (0.99–2.6) 1.5 (0.85–2.5)
Wheeze in last 3 months 355 0.98 (0.58–1.6) 1.3 (0.71–2.3)

24 months
Elevated total IgE (highest quartile) 219 0.59 (0.32–1.1) 0.49 (0.24–0.98)
Doctor-diagnosed eczema 290 0.81 (0.46–1.4) 0.80 (0.42–1.5)
Runny nose/itchy eyes without cold 295 1.03 (0.59–1.8) 0.93 (0.50–1.7)
Wheeze in last 3 months 290 0.75 (0.39–1.4) 0.86 (0.41–1.8)

36 months
Elevated total IgE (highest quartile) 142 1.1 (0.52–2.5) 0.72 (0.29–1.8)
Doctor-diagnosed eczema 251 1.03 (0.57–1.8) 0.90 (0.50–1.6)
Runny nose/itchy eyes without cold 253 1.3 (0.73–2.3) 0.94 (0.49–1.8)
Wheeze in last 3 months 247 0.74 (0.34–1.6) 0.61 (0.25–1.5)

Figures in parentheses as 95% confi dence interval.
1 OR (95% CI) for the outcome if the child has 1 or more older siblings. ORs were calculated with logistic re-

gression. All of the corrected OR models had included the following variables: gender, cigarette smoke exposure 
in the home and the mother’s age. Additionally, ‘wheeze in the last 3 months’ was corrected for the mother report-
ing asthma.
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  Fig. 1.  Distribution of total serum IgE (IU/
ml) stratifi ed by children’s birth order: cord 
blood ( a ), 24 months ( b ) and 36 months ( c ). 
 b ,  c  Long bars represent the geometric 
mean, shorter bars represent the 95% con-
fi dence interval of the mean. For all three 
ages, there were no signifi cant differences in 
the geometric means of total IgE between 
any of the three birth order groups. 
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icantly negatively associated with total IgE at age 24 
months (p = 0.045), a positive association (nonsignifi -
cant) was observed when the children were 1 year older 
(p = 0.5). 

 Discussion 

 The effect of birth order and/or sibship size as well as 
day-care attendance at an early age on development of 
atopy and asthma have been attributed to factors associ-
ated with the ‘hygiene hypothesis’, i.e. a protective effect 
of early exposure to infections that are introduced into 
the home by older siblings or during early attendance at 
day care on the subsequent development of atopy and/or 
asthma. This explanation has not been universally ac-
cepted. Other hypotheses, for example, have implicated 
in utero events or exposures as responsible for the birth 
order effect  [11] . Supporting this position are numerous 
studies that demonstrate maternal compared with pater-
nal transmission of asthma  [12] . Karmaus and Botezan 
 [7]  also reported that maternal IgE decreased with in-
creasing birth order, supporting the possibility of an in 
utero effect of factors associated with birth order. How-
ever, to date, mechanistic data explaining these effects 
have been lacking. Others have reported a decrease in 
maternal atopy with each successive pregnancy, which 

subsequently reduced the offspring’s chances of develop-
ing asthma  [13–15] . Karmaus et al.  [16]  found this effect 
to be strongest among atopic mothers. Gibbs et al.  [17] 
 reported in a case control study that increased exposure 
to infection did not protect children from atopic derma-
titis, in spite of a strong birth order effect. 

 In addition to questions regarding possible mecha-
nisms for the reported birth order effect, uncertainties 
regarding its relevance to an inner-city population need 
to be elucidated. Our birth cohort is derived from an in-
ner-city low-income minority population residing in New 
York City with one of the highest pediatric hospitaliza-
tion rates for asthma, as well as asthma prevalence, in the 
United States  [18] . The cohort provides a unique oppor-
tunity both to begin answering these questions and to 
examine other attributes of the population that have often 
been associated with the later diagnosis of asthma. How-
ever, in contrast to reports from other regions in the 
world, we did not fi nd a statistically signifi cant birth order 
effect in total IgE at birth or in IgE and any of the symp-
toms eczema, runny nose, itchy eyes without a cold and 
wheeze at the early ages of 12, 24 and 36 months ( table 4 ). 
Statistically signifi cant difference in the geometric means 
of IgE between fi rst, second, third or later-born children 
were absent ( fi g. 2 ). 

 The absence of a detectable birth order effect in our 
study population could be due to other overriding social 
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  Fig. 2.  Associations between total serum IgE (IU/ml) at different ages.  a  The correlation between cord blood total 
IgE and IgE at 24 months was r = 0.26, p = 0.003 (Pearson’s correlation of log concentrations). There were 2 chil-
dren with total IgE below the limit of detection in both their cord and 24-month serum samples.  b  The correlation 
between IgE at 24 and 36 months was r = 0.73, p  !  0.001. 
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and/or environmental exposures in this inner-city popu-
lation that mask a birth order effect, if it is present at all, 
at this early age. Another explanation is that the birth or-
der effect does not present at this early age. Guerra et al. 
 [19]  reported in a birth cohort study in Tucson, Arizona, 
that children who had two or more siblings or who at-
tended day care during the fi rst 6 months of life had a 
lower prevalence of frequent wheeze. However, this pro-
tective effect of birth order only emerged at age 5–6 years 
with an OR of 0.3 by age 13. At age 2, the OR was 1.4. 
Many of the studies that reported a birth order effect in-
vestigated older children. Additional diffi culties of assess-
ing the birth order effect may arise from the fact that 
previous investigations, as well as ours, have been cross-
sectional. For such an effect, a within-family determina-
tion should produce a more valid assessment. 

 Comparing the prevalence of early phenotypes that are 
often associated with asthma in our cohort with those re-
ported in other populations, often with lower prevalence 
of asthma, might contribute to the understanding of the 
development of the disease in our population and possi-
bly point to causes for the high rates. The percentage of 
children in our inner-city population with cord blood IgE 
above various thresholds was higher than the correspond-
ing percentages reported in various studies around the 
world, with the exception of those reported by Magnus-
son et al.  [20]  ( table 2 ). This fi nding may suggest that our 
children experience increased susceptibility to intrauter-
ine factors (e.g., T helper 2, IL-4 or IL-13, cytokine pro-
duction, allergen exposure, maternal lifestyles) suspected 
of increasing isotype class switching to IgE in utero    [21] . 
But in general, the independent predictive value of cord 
blood IgE for risk of allergy or asthma remains uncon-
vincing in most  [22–24] , but not all  [25, 26] , studies. Our 
results in the inner-city population do not support an as-
sociation between increased cord blood IgE and increased 

risk of early respiratory disease including asthma, possi-
bly diminishing its clinical importance. In addition, me-
dian levels of total IgE found in 2- and 3-year-old children 
from Germany (cohort of 4,000 children) were very sim-
ilar to those from children of the same ages in our inner-
city birth cohort.  

 Our inner-city birth cohort (through 36 months of age) 
does not appear to have signifi cantly different levels of 
early markers of allergic diseases from those for other co-
horts reported in the literature. In contrast to these re-
ports based on very geographically disparate populations 
that found a birth order effect on early markers for asth-
ma and/or atopy, we have not found such an effect so far. 
We are continuing to prospectively follow our New York 
City birth cohort and will be able to test for a birth order 
effect that could very well emerge later on, particularly 
when this cohort reaches school age, the age when a fi rm-
er diagnosis of asthma can be fi rst made, and the age at 
which many studies found a birth order effect. 
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