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Rationale: Acetaminophen has been hypothesized to increase the
risk of asthma and allergic disease, and geohelminth infection to
reduce the risk, but evidence from longitudinal cohort studies is
lacking.

Objectives: To investigate the independent effects of these exposures
on the incidence of wheeze and eczema in a birth cohort.

Methods: In 2005-2006 a population-based cohort of 1,065 pregnant
women from Butajira, Ethiopia, was established, to whom 1,006 live
singleton babies were born. Atages 1and 3, questionnaire data were
collected on wheeze, eczema, child’s use of acetaminophen, and
various potential confounders, along with a stool sample for geo-
helminth analysis. Those without wheeze (n = 756) or eczema (n =
780) at age 1 were analyzed to determine the independent effects of
geohelminth infection and acetaminophen use in the first year of life
on the incidence of wheeze and eczema by age 3.

Measurements and Main Results: Wheeze and eczema incidence
between the ages of 1 and 3 were reported in 7.7% (58 of 756) and
7.3% (57 of 780) of children, respectively. Acetaminophen use was
significantly associated with a dose-dependent increased risk of
incident wheeze (adjusted odds ratio = 1.88 and 95% confidence
interval 1.03-3.44 for one to three tablets and 7.25 and 2.02-25.95
for =4 tablets in the past month at age 1 vs. never), but not eczema.
Geohelminth infection was insufficiently prevalent (<4%) to com-
pute estimates of effect.

Conclusions: These findings suggest frequent acetaminophen use
early in life increases the risk of new-onset wheeze, whereas the role
of geohelminth infection on allergic disease incidence remains to be
seen as the cohort matures.
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Asthma has become one of the most common disorders among
children and adults (1). Epidemiologic studies have demonstrated
a higher prevalence of asthma and related allergic conditions in
more developed countries, and increases in prevalence over re-
cent decades in both developed and developing countries, obser-
vations that are likely largely caused by environmental factors
(1-3). One such environmental factor that has attracted interest,
and that fits with the “hygiene hypothesis” (4), is geohelminth
infection. An increasing body of evidence points to geohelminth
infection, particularly hookworm infection, protecting against
asthma and allergic conditions (5, 6).

Also attracting recent interest but lacking longitudinal
support is the hypothesis that acetaminophen use might in-
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AT A GLANCE COMMENTARY
Scientific Knowledge on the Subject

Acetaminophen has been consistently linked with an in-
creased risk of asthma and allergy but evidence of causality
is limited by a lack of longitudinal studies.

What This Study Adds to the Field

This study explores the longitudinal effect of acetaminophen
use in early life on the incidence of allergic disease in
children and shows a positive dose-response association
with the risk of new-onset wheeze, providing further support
for a causal role of acetaminophen in the etiology of asthma.

crease the risk of asthma and allergic disease, and that the shift
from aspirin to acetaminophen use may have contributed to the
rise in these conditions over recent decades (7). The evidence to
date implicating acetaminophen in the etiology of asthma and
other allergic diseases has been remarkably consistent (7-20),
with adverse effects reported in relation to acetaminophen ex-
posure in utero (8-11), during infancy (11, 12), in childhood (13,
14), and during adult life (15-18). The relation also extends to
objective markers of allergy (14-16). However, support from
prospective data is limited to one study in women that reported
an increased risk of adult-onset asthma in relation to frequent
use of acetaminophen (18). Studies have also tended to rely on
recall of acetaminophen use in the past, or have not adequately
eliminated the possibility of confounding by early respiratory
infections, a problem highlighted by Beasley and coworkers (13).
Moreover, in studies based in developed countries, the possibility
that acetaminophen and asthma are associated through aspirin
avoidance is difficult to exclude.

The aim of this study was therefore to establish the temporal
relation between early infection with geohelminths and use of
acetaminophen in the first year of life, and the incidence of
childhood wheeze and eczema in an Ethiopian birth cohort.
Some of the results of this study have been previously reported
in the form of an abstract (21).

METHODS
Study Setting and Design

The study was sited in and around Butajira, which is located 130 km
south of the Ethiopian capital, Addis Ababa. The Butajira Rural
Health Program (BRHP), a demographic surveillance site covering
nine rural and one urban (Butajira town) administrative areas, was set
up in 1987 (22). In 2005 a birth cohort nested in the BRHP was
established, a detailed description of which has been published pre-
viously (23, 24). In brief, all women in the BRHP aged 15-49 and in
their third trimester of pregnancy were identified by the BRHP
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fieldworkers between July 2005 and February 2006 and invited to
participate in the study. Of the 1,234 eligible women, 1,065 were
recruited (86% of eligible) and all live singleton babies born to these
women (n = 1006) were followed-up as a birth cohort.

Data Collection and Measurements

Data were collected on the cohort at intervals from pregnancy to age 3,
primarily using interview-led questionnaires administered to mothers.
Information on demographic factors was collected during pregnancy and
numerous additional potential confounders at birth, 2 months, first birth-
day, and third birthday (see online supplement). Symptoms of respiratory
tract infection (cough, fast breathing, and fever) were collected at 2
months and 1 year.

At age 1 and 3, wheeze-ever and eczema-ever were ascertained
using questions from the International Study for Asthma and Allergies
in Children, and mothers were also asked if the child had taken any
acetaminophen in the last year and if so, how much in the last month
(see online supplement). In addition to the questionnaire, stool samples
were collected at age 1 and 3 and qualitatively examined for geo-
helminth infections using the formol-ether concentration method (25).

Statistical Data Analysis

Statistical analysis was performed using Stata 11 (Statacorp, College
Station, TX). Exposure to any geohelminth infection was defined as
infection with any of hookworm, Ascaris lumbricoides, or Trichuris
trichiura. To assess associations with incidence of new-onset wheeze
between age 1 and 3, those children without reported wheeze-ever at
age 1 were selected for analysis, and the outcome defined as reported
wheeze-ever at age 3. Similarly, children without eczema-ever at age 1
were selected for analysis of incident eczema, defined as a positive
response at age 3. Multiple logistic regression was performed to com-
pute adjusted odds ratios (OR) and 95% confidence intervals (CI) for
incident wheeze and eczema in relation to the acetaminophen group
and geohelminth infection, controlling for a priori confounders place of
residence, child’s sex, and maternal education (as a marker of socio-
economic status). The impact of further controlling for any other
potential confounders collected including early life respiratory tract
infections (cough, fever, and fast breathing) was also explored.

Ethics

Ethical approval was granted by the National Ethics Review Committee
of the Ethiopian Science and Technology Ministry and the University of
Nottingham ethics committee, United Kingdom. Written consent was
obtained from the mothers, and in keeping with the requirements of the
Ethiopian ethics committee all women and their children were re-
imbursed for health care costs.

Role of the Funding Source

The study sponsors had no role in study design, data collection, analysis
of the data, interpretation and writing of the report, or the decision to
submit the paper for publication.

RESULTS

Description of Cohort Participants

Of the 1,006 babies in the cohort, 64 (6.4%) had died and 10
(0.9%) migrated from the study area before their first birthday,
and a further 33 had missing data on core variables at age 1,
leaving 899 (89%) available for analyses at 1 year. A detailed
description of the cohort at year 1 is reported elsewhere (24). Of
these, 95% (853) were followed-up and outcome data collected
at age 3; 17 died, 27 migrated, and 2 were lost with unidentified
reason between ages 1 and 3.

Natural History of Wheeze and Eczema between Ages One
and Three

Of the 96 children with reported wheeze-ever at age 1 who were
successfully followed-up, 26 (27.1%) still reported wheeze-ever
at age 3 and 70 (72.9%) did not report wheeze-ever at age 3

(Figure 1A). Of the 756 nonwheezers at age 1, 58 (7.7%)
reported wheeze-ever at age 3 and were defined as incident
wheezers (Figure 1A). Similarly, of the 72 children with
reported eczema-ever at age 1, 9 (12.5%) still reported eczema
at age 3, with the other 63 (87.5%) not reporting eczema at age
3 (Figure 1B). Incident eczema was reported in 7.3% (57 of 780)
of children without reported eczema at age 1 followed to age 3
(Figure 1B).

Determinants of Incident Wheeze and Eczema

Table 1 shows the distribution of demographic and potential
confounding variables among the wheeze- and eczema-free
children at age 1 on whom subsequent analyses were performed.
Most of the children lived in rural areas (87 %) and had mothers
without formal education (80%). The risk of incident wheeze
was nonsignificantly greater in urban children and in boys, and
significantly greater in those of low birth weight (Table 1). There
was a borderline significant increased risk of new-onset eczema in
girls and those in large households, and a significant increased
risk with increasing number of older siblings (Table 1).

Table 2 shows that infantile symptoms of respiratory in-
fections (cough, fast breathing, and fever) were commonly
reported at age 2 months but not related to wheeze or eczema
incidence. All three symptoms in the first year of life, however,
were significantly positively associated with the incidence of
wheeze between ages 1 and 3, but not eczema (Table 2).

Geohelminth infection at age 1 was found in only 4% of
children, with hookworm being the most common infection
(2.3%), followed by A. lumbricoides (1.4%) and T. trichiura

899 children available
at 1year

No wheeze reported at 1

year (n=796)

A

Wheeze reported at 1
year (n=103)

A

Followed up at 3 years
(n=96)

/\

Wheeze reported No wheeze
at 3 years reported at 3
(n=26) years (n=70)

B 899 children available

(n=757, 1 wheeze data missing)

{ Followed up at 3 years ’
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reported at 3
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Followed up at 3 year
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/

[ Eczema reported at 1 year ]
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(n=9) years (n=63) years (n=723)

Figure 1. (A) Flow chart showing reporting of wheeze between 1 and 3
years. (B) Flow chart showing reporting of eczema between 1 and 3 years.
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TABLE 1. DISTRIBUTION OF POTENTIAL CONFOUNDERS AND ASSOCIATION WITH INCIDENCE OF WHEEZE AND ECZEMA

Wheeze Never at Age 1 (n = 756)

Eczema Never at Age 1 (n = 780)

New Wheeze* Crude OR New Eczema* Crude OR

Variables Overall n (%) n (%) (95% CI) P Value Overall n (%) n (%) (95% CI) P Value

Area of residence
Urban 95 (12.6) 10 (10.5) 1.50 (0.73-3.08) 0.27 98 (12.6) 8(8.2) 1.15 (0.53-2.50) 0.73
Rural 661 (87.4) 48 (7.3) 1 682 (87.4) 49 (7.2) 1

Maternal age 0.921 0.32f
15-24 293 (38.8) 21 (7.2) 0.88 (0.39-1.99) 0.71* 297 (38.1) 19 (6.4) 1.25 (0.49-3.22) 0.96*
25-34 351 (46.4) 28 (8) 0.99 (0.45-2.17) 367 (47.1) 32 (8.7) 1.75 (0.71-4.30)

35-44 112 (14.8) 9 (8) 1 116 (14.9) 6(5.2)

Sex
Male 378 (50) 33 (8.7) 1.35 (0.79-2.32) 0.28 394 (50.5) 22 (5.6) 0.59 (0.34-1.03) 0.06
Female 378 (50) 25 (6.6) 1 386 (49.5) 35(9.1) 1

Maternal education
Formal 148 (19.6) 16 (10.8) 1.63 (0.89-2.99) 0.11 155 (19.9) 12 (7.7) 1.08 (0.56-2.10) 0.82
No formal 608 (80.4) 42 (6.9) 1 625 (80.1) 45 (7.2) 1

Exclusively breastfed?

Yes 633 (84.1) 51 (8.1) 1.41 (0.63-3.20) 0.40 659 (84.7) 49 (7.4) 1.11 (0.51-2.42) 0.78
No 120 (15.9) 7 (5.8) 1 119 (15.3) 8 (6.7) 1

Vaccination at 2 moll
Yes 443 (58.8) 35(7.9) 1.07 (0.62-1.85) 0.81 463 (59.5) 34 (7.3) 1.01 (0.58-1.74) 0.98
No 310 (41.2) 23 (7.4) 1 315 (40.5) 23 (7.3) 1

Birth weight
Low (<2.5 kg) 35(7) 6(17.1) 2.73 (1.06-7.04) 0.04 39 (7.4) 1(2.6) 0.32 (0.04-2.40) 0.27
Normal 468 (93) 33(7.1) 1 487 (92.6) 37 (7.6) 1

Parental allergic history
Yes 39 (5.2) 4 (10.3) 1.40 (0.48-4.08) 0.54 42 (5.4) 3(7.1) 0.97 (0.29-3.25) 0.96
No 714 (94.8) 54 (7.6) 1 736 (94.6) 54 (7.3) 1

Insecticide use in home
Yes 623 (82.4) 46 (7.4) 0.81 (0.42-1.57) 0.53 648 (83.3) 50(7.7) 1.47 (0.65-3.32) 0.36
No 133 (17.6) 12 (9) 1 130 (16.7) 7 (5.4) 1

Household size 0.58" 0.117
1-3 98 (13) 7(7.1) 1 0.58* 89 (11.4) 5(5.6) 1 0.06*
4-6 422 (55.8) 36 (8.5) 1.21 (0.52-2.81) 446 (57.3) 27 (6.1) 1.08 (0.41-2.89)

7" 236 (31.2) 15 (6.4) 0.88 (0.35-2.24) 243 (31.2) 25 (10.3) 1.93 (0.71-5.20)

No. of older siblings 0.52° 0.01"
0 111 (14.7) 7 (6.3) 1 0.81* 104 (13.4) 3(2.9) 1 0.002¢
1-3 415 (54.9) 36 (8.7) 1.41 (0.61-3.26) 437 (56.2) 27 (6.2) 2.22 (0.66-7.45)

4-10 230 (30.4) 15 (6.5) 1.04 (0.41-2.62) 237 (30.5) 27 (11.4) 4.33 (1.28-14.61)

Child’s sleeping place 0.87% 0.897
Bed/platform 59 (7.8) 5(8.5) 1 59 (7.6) 5(8.5) 1
Floor 324 (42.9) 23 (7.1) 0.83 (0.30-2.26) 344 (44.3) 26 (7.6) 0.88 (0.32-2.40)

Grass matting 372 (49.3) 30 (8.1) 0.95 (0.35-2.55) 374 (48.1) 26 (7) 0.81 (0.30-2.19)

Indoor cooking
Yes 609 (80.9) 46 (7.6) 0.90 (0.46-1.74) 0.75 628 (80.7) 46 (7.3) 1.00 (0.50-1.98) 0.99
No 144 (19.1) 12 (8.3) 1 150 (19.3) 11 (7.3) 1

Indoor kerosene use
Yes 88 (11.7) 6 (6.8) 0.86 (0.36-2.07) 0.74 87 (11.2) 6 (6.9) 0.93 (0.39-2.23) 0.87
No 665 (88.3) 52 (7.8) 1 691 (88.8) 51 (7.4) 1

Types of roof
Thatched 578 (76.8) 41 (7.1) 0.71 (0.39-1.28) 0.26 595 (76.5) 42 (7.1) 0.85 (0.46-1.57) 0.61
Corrugated iron 175 (23.2) 17 (9.7) 1 183 (23.5) 15 (8.2) 1

Definition of abbreviations: Cl = confidence interval; OR = odds ratio.

* Reported wheeze- and eczema-ever at year 3 follow-up.
T Likelihood ratio test.

¥ P for trend.

% Exclusive breastfeeding status at 2 months.

I"Any vaccination history at 2 months.

(0.4%). The risk of new-onset wheeze was lower in those
infected (3.6%) than uninfected (7.8%), but the 95% CI was
wide and significance not reached (crude OR, 0.44 and 95% ClI,
0.06-3.27 for any infection; OR, 0.80 and 95% CI, 0.10-6.16 for
hookworm infection). Because only one infected child had
incident wheeze, no further adjusted analysis could be per-
formed. No children with geohelminth infection reported in-
cident eczema, and therefore ORs could not be computed or
further analysis performed.

Acetaminophen use in the first year of life was commonly
reported (36% in wheeze cohort and 39% in eczema cohort),
with around a quarter reporting use in the past month (Table 3).

Use was significantly associated with the incidence of wheeze
(P = 0.009), with risks increased in the one to three tablets per
month group (adjusted OR, 1.88; 95% CI, 1.03-3.44) and the
greater than or equal to four tablets per month group (adjusted
OR, 7.25; 95% CI, 2.02-5.95) compared with the never-users. A
significant trend across the categories of dose in the past month
(zero, one to three, greater than four tablets) was also seen
(P trend = 0.001). Further control for other potential con-
founders collected, including postnatal maternal acetaminophen
use, which was strongly related to child’s use (see Table E1), did
not materially alter the associations. Use was seen to be
associated with symptoms of respiratory infections in the first
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TABLE 2. PREVALENCE OF SYMPTOMS OF RESPIRATORY INFECTIONS IN EARLY LIFE IN THOSE WITH AND WITHOUT INCIDENT
WHEEZE AND ECZEMA BETWEEN AGES 1 AND 3

Wheeze Never at Age 1 (n = 756)
With Incident Without Incident

Eczema Never at Age 1 (n = 780)

Symptoms of With Incident Without Incident

Respiratory Infections All Children Wheeze Wheeze P Value All Children Eczema Eczema P Value
Respiratory infection symptoms at 2 mo, n (%)
Cough 298 (39.6) 22 (37.9) 276 (39.7) 0.79 318 (40.9) 23 (40.4) 295 (40.9) 0.93
Fast breathing 180 (23.9) 15 (25.9) 165 (23.7) 0.72 192 (24.7) 13 (22.8) 197 (24.8) 0.73
Fever 248 (32.9) 21 (36.2) 227 (32.7) 0.58 275 (35.4) 17 (29.8) 258 (35.8) 0.37
Respiratory infection symptoms at 1 yr, n (%)
Cough 443 (58.6) 41 (70.7) 402 (57.6) 0.05 487 (62.4) 37 (64.9) 450 (62.2) 0.67
Fast breathing 251 (33.2) 27 (46.6) 224 (32.1) 0.03 297 (38.1) 24 (42.1) 273 (37.8) 0.52
Fever 581 (76.9) 51 (87.9) 530 (75.9) 0.04 618 (79.2) 48 (84.2) 570 (78.8) 0.34

Missing data on symptoms of respiratory infection at age 2 mo on three in wheeze-free cohort and two in eczema-free cohort.

year of life (Table E1) and adjustment for these slightly reduced
the strength of the wheeze association but overall significance
remained (Table 3) (overall P = 0.014; P trend = 0.001). The
population-attributable risk of wheezing associated with the use
of acetaminophen in the first year of life (use in past month) was
20%. For eczema, the OR for use of acetaminophen in the past
month was increased (adjusted OR, 1.66; 95% CI, 0.92-2.98)
compared with never-use, but no overall significant association
was seen (Table 3). Findings were similar when recent use of
acetaminophen as reported at age 3 was examined, with
a significant dose-dependent effect on incident wheeze (fully
adjusted P trend = 0.01) but not eczema (Table E2).

DISCUSSION

In this longitudinal birth cohort in Ethiopia, we have been able to
look for the first time at the effect of acetaminophen use in infancy
(first year of life) on the incidence of childhood allergic disease
symptoms and found a positive dose-response association with
incident wheeze but not eczema with a population-attributable
risk of 20%. We have also explored effects of geohelminth
infection in the first year of life, but small numbers resulted in
insufficient power to determine independent effects on incident
wheeze and eczema at this age, and any effect remains to be seen
as the cohort matures and more children become infected.

The strengths of this study are the longitudinal design,
ensuring that exposures precede the outcomes, and the high
response rate and good retention of participants between birth
and 3 years. In addition, the large number of demographic and

lifestyle variables collected allowed us to control for potential
confounders. Of particular concern was confounding by socio-
economic status, because this may influence access to acetamin-
ophen. However, we found that none of our markers of social
advantage and affluence (urban or rural residence, maternal
education, and maternal occupation and income) were related
to acetaminophen use and therefore the effects seen are un-
likely to be caused by residual confounding by social advantage.
Acetaminophen was found to be commonly used in our study
population (use in first year of life reported in over one-third of
infants), but because the information was not collected, we do
not know specifically about the indications of acetaminophen
use in these infants. However, it is likely to be used for the
common causes of infant morbidity in Ethiopia, namely malaria,
upper and lower respiratory tract infections, gastroenteritis and
colitis, and fever of unknown origin (26). We therefore explored
the possibility of confounding by indication, particularly that
arising from acetaminophen being taken by children for respi-
ratory tract infections in early life, who are also more susceptible
to the subsequent development of allergic diseases (27). When
we adjusted for the main symptoms of respiratory infections in
the first year of life, the wheeze association reduced in magnitude
slightly but remained highly statistically significant.

The possibility of reporting bias, introduced by the use of
interview-led questionnaires, needs to be considered when
interpreting our findings. We were unable to collect outcome
and exposure data using daily diaries because the literacy level
of many mothers was low. Instead, mothers were asked to recall
symptoms since birth and poor recall may have led to a degree

TABLE 3. UNIVARIATE AND MULTIVARIATE ASSOCIATIONS BETWEEN CHILD’S USE OF ACETAMINOPHEN IN THE FIRST YEAR OF LIFE

AND INCIDENT WHEEZE AND ECZEMA BETWEEN AGES 1 AND 3

Acetaminophen

Use in the First New Disease Crude OR Adjusted Further Adjusted
Outcome Year of Life Overall N (%) N (%) (95% CI) OR* (95% CI) P Value OR' (95% CI) P Value
Incident Never 486 (64.3) 31 (6.4) 1 1 0.009* 1 0.014*
wheeze Yes but not in 83 (11) 4 (4.8) 0.74 (0.26-2.16) 0.73 (0.25-2.14) 0.001% 0.70 (0.24-2.04) 0.001%
(n = 756) the past month
1-3 tablets per month 175 (23.2) 19 (10.7) 1.79 (0.98-3.26) 1.88 (1.03-3.44) 1.77 (0.96-3.26)
=4 tablets per month 12 (1.6) 4(33.3) 7.34 (2.09-25.72) 7.25 (2.02-25.95) 6.78 (1.89-24.39)
Incident Never 477 (61.3) 30 (6.3) 1 1 0.25¢ 1 0.30*
eczema Yes but not in the 86 (11.1) 6 (7) 1.12 (0.45-2.77) 1.17 (0.47-2.91) 1.14 (0.45-2.87)
(n = 780) past month
=1 tablet per month 215 (27.6) 21 (9.8) 1.61 (0.90-2.89) 1.66 (0.92-2.98) 1.62 (0.89-2.96)

Definition of abbreviations: Cl = confidence interval; OR = odds ratio.
* ORs adjusted for sex, urban rural residence, and maternal education.

" ORs adjusted for child’s sex, place of living, and maternal education and additionally adjusted for symptoms of respiratory infections in the first year of life.

# Overall P value (likelihood ratio test).

5 P value for trend (computed for dose of acetaminophen intake in the past month: 0, 1-3, and =4 tablets).
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of error in our wheeze and eczema variables. Our observation
of a large proportion of children with reported wheeze-ever at
age 1 having a negative response to ever-wheeze at age 3 is
likely to be explained by mothers not remembering wheeze
symptoms experienced by their child as a baby but which then
resolved. This transient wheeze phenotype is thought to be
infection-related and more common in those born with small
airways (28), and in our previous risk factor analysis of the
cohort at age 1, evidence of such a phenotype was found (24).
The implications of poor recall on our current findings are that
some incident cases may have been missed if symptoms only
occurred early in the 1- to 3-year follow-up period, although
such nonpersistent cases are likely to those with mild disease.
For eczema, although we have previously shown that the symp-
toms being reported seem to be linked to an allergic etiology
(24), some degree of misclassification with scabies or other skin
conditions cannot be ruled out. To ascertain a child’s use of
acetaminophen, mothers were asked about use in the first year
of life at the 1-year follow-up, and additionally about consump-
tion in the past month to minimize recall bias and quantify use.
Because our previous qualitative and quantitative work in the
same setting has shown that our study participants were able to
distinguish different analgesics, and that most of the general
population in the study area know acetaminophen to be different
from aspirin (15, 29), reporting error is likely to be low.

An issue in previous studies has been the possibility that
observed associations between acetaminophen and wheeze have
arisen through aspirin avoidance in those with asthma. Al-
though this is unlikely to confound our findings because of the
fact that acetaminophen consumption preceded the outcome in
our study, there is the possibility that parents with asthma may
avoid giving their child aspirin and hence an association arises
because children with genetic susceptibility are more likely to
be given acetaminophen. However, we have previously estab-
lished that only 1% of the population in the study area reported
avoidance of aspirin because of asthma risk (29), making this an
unlikely explanation for the observed association. Information on
use of nonsteroidal antiinflammatory drugs that may be linked to
asthma and allergic diseases (12) was not collected because they
are not readily available or affordable in this rural community.

The acetaminophen and asthma hypothesis has attracted
interest for more than a decade (19) and many studies, although
primarily cross-sectional, have independently demonstrated an
increased prevalence of asthma and other allergic conditions
among acetaminophen users (8, 9, 11-19). Our current findings
fit with our previous research in children and adults in the same
Butajira study area, which reported a similar level of acetamin-
ophen use (42% vs. 39% in the current study), and a significant
dose-dependent association with wheeze (15). Findings from the
large International Study for Asthma and Allergies in Children
multicountry study of 205,487 6- to 7-year old children of
a significant association between current and first year use of
acetaminophen and the risk of asthma (13) also fit with our
findings. However, both these cross-sectional studies reported
significant associations with eczema, not seen in our current
study, and effects on other allergic outcomes (13, 15). Pro-
spective evidence has been limited to a handful of studies
showing a positive relation between acetaminophen exposure in
the intrauterine environment, particularly in late pregnancy,
and the risk of wheeze but not eczema during childhood (8-11),
and a single study looking at personal consumption, which was
in adults not children, and reported a positive relation between
acetaminophen use and adult-onset asthma in women (18). The
Avon Longitudinal Study of Parents and Children, for example,
showed highly significant associations between frequent acet-
aminophen use in late pregnancy (most days/daily) and wheez-

ing in children at age 30-42 months and later at age 69—
81 months, although the ORs were not as large as those seen
here (2.10 and 1.86, respectively) (8, 9). The reason why no
prospective study, including ours, has found independent asso-
ciations between acetaminophen use and eczema may be
attributed to low statistical power or misclassification of eczema
symptoms, or there may be no true effect and underlying
mechanisms relate specifically to the lung.

Possible suggested mechanisms whereby acetaminophen in-
take might increase the risk of asthma and allergic diseases
include the depletion of pulmonary glutathione concentration
(30, 31) and the inhibition of basal INF-a and IL-6 secretion,
predisposing the lung to epithelial damage, mast cell activation,
excess mucus secretion, and bronchoconstriction (30, 31). The
animal model used demonstrated that the lung was the first
organ in which this depletion action persisted further potenti-
ating other toxic products (32). Peterson and coworkers (33),
using two immunologic animal models, suggest that depletion of
glutathione decreased levels of Thl cytokine responses thereby
favoring allergenic patterns of Th2.

The hypothesis that geohelminth infections, which are highly
prevalent in areas where allergy remains rare, may protect
against asthma and allergic diseases has gained support from
a range of independent studies, metaanalyses, and systematic
reviews (5, 6). Although we found no significant associations in
our study, the observed effects were in the expected direction,
and our analyses were limited by insufficient statistical power as
a result of the low prevalence of geohelminth infection in the
first year of life and small numbers with the outcomes among
the infected children. The low prevalence of geohelminths in
children in this population is probably linked to a mass deworm-
ing strategy that started in 2006 in children under 5 years old in
this area (34). We anticipate that as the cohort ages, more
children will become infected and we will be better able to
assess these associations.

In conclusion, this longitudinal study from a developing
country birth cohort provides further support for an association
between infantile use of acetaminophen and increased risk of
incident wheeze, which is unlikely to be explained by aspirin
avoidance, reverse causation, or confounding by indication.
Because the use of acetaminophen preceded the outcomes,
a causal explanation is increasingly likely. Further research is
therefore needed, particularly randomized controlled trials and
longitudinal birth cohort studies. We found no significant associ-
ation between geohelminth exposure in the first year of life and
risk of incident wheeze and eczema but were limited by low
geohelminth prevalence. We intend to continue following-up these
children, to further explore the temporal relationships between
acetaminophen, geohelminth exposure, and allergic outcomes.
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Methods

Demographic factors collected by questionnaire during pregnancy included mother’s age, place
of residence, ethnicity, religion, maternal occupation and education, household income. Potential
confounders collected by questionnaire at the follow-up visits included parental history of
allergic diseases, household amenities, sanitation, birth order, household size, immunization
history, breastfeeding, infant’s bed and mattress materials, insecticide use, roof type and indoor

fuels. Weight of the child was measured immediately after birth on over 60% of the cohort

babies.

At age one and three, symptoms on wheeze and eczema were ascertained using questions from
the International Study for Asthma and Allergies in Children (ISAAC): 'Has your child ever had
wheezing or whistling in their chest?' (wheeze ever) and 'Has your child ever had an itchy skin
rash which has affected the skin creases, e.g., the folds of the elbow or behind the knees?
(eczema ever). Mothers were also asked about the child’s use of acetaminophen in the first year
of life: "Has your child taken any acetaminophen in the last year?”, and if a positive response
given, further asked “How many tablets of acetaminophen has the child taken in the last
month?”” Child’s use of acetaminophen in the first year of life was categorized into 4 groups for
analysis: ‘never’, ‘yes but not in the past month’, ‘1-3 tablets in last month’ and >4 tablets in
last month.” Due to small numbers, it was necessary to merge the two highest acetaminophen
categories in the analysis of eczema. Evidence of a dose-response trend across acetaminophen
categories could therefore only be assessed in relation to wheeze; for this analysis a baseline
category of O tablets in the past month was created by merging the first two acetaminophen

groups and p for trend computed. For the analysis of recent use of acetaminophen and incident



wheeze and eczema we have performed a similar analysis except that acetaminophen use was
defined using the same questions but asked at three years of age. In this analysis further
adjustment for potential confounders, including symptoms of respiratory tract infections as
reported at the age of three was explored. Information on prenatal maternal use of
acetaminophen was not collected, but mothers were asked about their personal use in the past

year at the same time as child’s use was collected.



Online Repository Table E1 Use of acetaminophen in the first year of life by demographic, life style and
early childhood factors (N=899)

Use of acetaminophen in the past month*

Variables Overall Yes Crude OR P-value
N (%) n(%) (95% Cl)

Place of living
Urban 117 (13.0) 24 (20.5) 0.63(0.39,1.01) 0.06
Rural 782 (87.0) 227 (29.0) 1

Gender
Male 454 (50.5) 128 (28.2) 1.03 (0.77,1.38) 0.85
Female 445 (49.5) 123 (27.6) 1

Maternal education
Formal 181(20.1) 43 (23.8) 0.76 (0.52,1.12) 0.16
No formal 718 (79.9) 208 (29.0) 1

Birth weight
Low (< 2.5kg) 42 (7.0) 17 (40.5) 1.73 (0.91,3.29) 0.09
Normal 556 (93.0) 157 (28.2) 1

Cough at 1 year
Yes 344 (38.3) 183 (33.0) 2.00(1.45,2.75) <0.001
No 555 (61.7) 68 (19.8) 1

Fast breathing at 1 year
Yes 337 (37.5) 126 (37.4) 2.09 (1.55,2.81) <0.001
No 562 (62.5) 125 (22.2) 1

Fever at 1 year
Yes 704 (78.3) 234 (33.2) 5.21(3.09,8.78) <0.001
No 195 (21.7) 17 (8.7) 1

Parental allergic history
Yes 57 (6.3) 18 (31.6) 1.21 (0.68,2.15) 0.53
No 842 (93.7) 233(27.7) 1

Maternal

acetaminophen at 1 year
Yes 472 (52.5) 173 (36.7) 2.59 (1.90,3.53) P<0.001
No 427 (47.5) 78 (18.3) 1

Insecticide use in home
Yes 748 (83.2) 216 (28.9) 1.35(0.89,2.03) 0.16
No 151 (16.8) 35(23.2) 1

Household size 0.34'
1-3 115 (12.8) 27 (23.5) 1 0.86°
4-6 506 (56.3) 150 (29.6) 1.37 (0.86,2.20)
7" 278 (30.9) 74 (26.6) 1.18 (0.71,1.96)



Online Repository Table E1 (continued)

Use of acetaminophen in the past month*

Variables Overall Yes Crude OR P-value
N (%) n(%) (95% Cl)

No. of older siblings 0.64"
0 138 (15.4) 34 (24.6) 1 0.47*
1-3 492 (54.7) 140 (28.5) 1.22 (0.79,1.88)
4-10 269 (29.9) 77 (28.6) 1.23 (0.77,1.96)

Child’s sleeping place
Bed/platform 68 (7.6) 20 (29.4) 1 0.19
Floor 382 (42.5) 118 (30.9) 1.07 (0.61,1.89)
Grass matting 448 (49.9) 113 (25.2) 0.81 (0.46,1.42)

Site of cooking
Inside 727 (80.9) 214 (29.4) 1.52 (1.02,2.26) 0.04
Outside 172 (19.1) 37 (21.5) 1

Types of roof
Thatched 689 (76.6) 203 (29.5) 1.41 (0.98,2.02) 0.06
Corrugated iron 210 (23.4) 48 (22.9) 1

*Likelihood ratio test, ' p for trend

*Use of acetaminophen in the past month created from never use, use but not in the past month, 1-3 tablets in the
past month and 24 tablets in the past month.



Online Repository Table E2 Univariate and multivariate associations between child’s use of

acetaminophen between 1 and 3 years of life and incident wheeze and eczema between age 1 and 3.

Outcome Acetaminophen

use between 1 Over all n(%) new Crude Adjusted P-value Further adjusted P-

and 3 years N (%) disease OR (95%Cl) OR’ (95% Cl) OR' (95% Cl) value
Incident  Never 442 (58.5)  22(5.0) 1 1 0.002* 1 0.04°
wheeze  yes but not in <0.001" 0.017
(N=756) the past month  172(22.8) 14(8.1)  1.69(0.84,3.39) 1.71(0.85,3.48) 1.45 (0.71,3.03)

1-3 tablets per 78 (10.3) 12(15.4) 3.47(1.64,7.35)  3.51(1.65,7.49) 2.80(1.27,6.15)

month

> 4 tablets per 64 (8.5) 10(15.6) 3.54(1.59,7.86) 3.60(1.60,8.10) 2.70(1.15,6.34)

month
Incident
eczema  Never 440 (56.4) 29 (6.6) 1 1 0.29* 1 0.38*
(N=780)  ves but not in

the past month 183 (23.5) 12(6.6)  0.99 (0.50,1.99)  1.06 (0.52,2.14) 1.03 (0.50,2.12)

> 1 tablet per 157 (20.1) 16(10.2) 1.61(0.85,3.05) 1.68 (0.88,3.20) 1.61(0.80,3.23)

month

"ORs adjusted for gender, urban rural residence and maternal education
"ORs adjusted for child’s gender, place of living and maternal education and additionally adjusted for symptoms of

respiratory infections in the first year of life.

*overall p-value (likelihood ratio test)
P value for trend (computed for dose of acetaminophen intake in the past month: 0, 1-3, and > 4 tablets)



