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Atopy, Obesity, and Asthma in Adults: The Humboldt Study Yue Chen, MD, PhD
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James Dosman, MD

ABSTRACT. Obesity appears more strongly associated with asthma in women than in men. It
is hypothesized that a stronger linkage of obesity with nonatopic asthma than with atopic asthma
may explain the sex difference. That being the case, we might hypothesize a stronger association
between obesity and asthma in nonatopic individuals than in atopic ones. In this analysis, we
examined the association between obesity and asthma in atopic and nonatopic people separately.
A total of 1997 residents aged 18 to 79 years who participated in the 2003–2004 Humboldt
study were included in the analysis. Body mass index (BMI) and waist circumference were objec-
tively measured. Allergy skin tests were conducted to determine atopic sensitization. Respiratory
allergy and physician diagnosed asthma were self-reported. Overall, 8% reported having asthma,
30% had atopic sensitization as determined by allergy skin tests, 31% reported a history of respiratory
allergy, and 35% were obese defined as BMI equal to or larger than 30 kg/m2. Compared to those with
a BMI <25 kg/m2, the odds ratio for asthma for the nonatopic subjects of those with a BMI of at least
30.0 kg/m2 was 2.01 (95% confidence interval [CI]: 1.13, 3.59] after adjustment for sex and age. The
association between obesity and asthma was not statistically significant in atopic subjects. The
adjusted odds ratios for obesity versus normal weight were 2.56 (95% CI: 1.07, 6.12) and 1.76 (95%
CI: 1.04, 3.01) for those without and with a history of respiratory allergy, respectively. The association
of asthma with waist circumference was not statistically significant in all the subgroups defined by
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atopy and respiratory allergy. The data suggested a stronger association between obesity and asthma
among nonatopic people than among atopic people.

KEYWORDS. Allergy, asthma, atopic, cross-sectional study, nonatopic, obesity

INTRODUCTION

There is an increasing body of evidence for
obesity being associated with an elevated risk
of asthma in adults,1–9 but the association is less
consistent in children.10,11 The proportion of
persons with nonatopic asthma is higher in
adults than in children. Previous studies have
suggested that body mass index (BMI) is not
associated with hayfever or nasal allergies,
specific immunoglobulin E (IgE) to house dust
mite, grass, or cat, or with total IgE.12 However,
it has been shown that severe obesity is associ-
ated with asthma but not with atopy and airway
hyperresponsiveness,13 suggesting that atopy
may not be involved in the apparent association
between obesity and asthma. It has been shown
that obesity is more strongly associated with
asthma in nonallergic than allergic individu-
als.14 Central obesity was found significantly
associated with an increased risk of nonatopic
asthma but not of atopic asthma.15 We
hypothesize that obesity has a stronger impact
on nonatopic or nonallergic asthma than on
atopic or allergic asthma and the association
between obesity and asthma is stronger in non-
atopic or nonallergic than in atopic or allergic
individuals. If this hypothesis holds, it may
explain the discrepancy in the association of
obesity with asthma among different subpopu-
lations. In this study, we examined the associa-
tions between BMI, waist circumference, and
asthma in atopic and nonatopic adults living in
a rural community.

METHODS

We conducted a cross-sectional study in the
rural town of Humboldt and surrounding area,
Saskatchewan, in 2003. The target population
of the study was all residents 18 to 79 years of
age. There were 2090 persons who participated

in the study, with a response rate of 70.1%.
A questionnaire was completed by participants
that requested information on sociodemographic
factors, allergy, smoking, alcohol consumption,
exercise, and the home environment.

We made an appointment for each adult par-
ticipant to visit a clinic where lung function
test, skin prick test, blood pressure, height,
weight, waist circumference, and blood speci-
mens were obtained. Weight was measured to
the nearest 0.1 kg using a calibrated hospital
spring scale with subjects dressed in normal
indoor clothing without shoes. Height and waist
circumference were measured in centimeters.
Height was measured against a wall using a
fixed tape measure with participants standing
shoeless on a hard surface. Waist circumference
was measured between the lowest rib and the
iliac crest, horizontally through the narrowest
part of the torso.16 BMI was calculated as
weight (kg)/[height (m)]2. Skin prick testing
included four allergens: Dermatophagoides
pteronyssinus, mixed grasses (Western Allergy,
Vancouver, CA), Feld, Alternaria tenuis, as
well as positive (histamine) and negative
(saline) controls (Omega Laboratories and
Hollister-Stier, Mississauga, CA). Adults were
considered atopic if they had a raised wheal
>2 mm compared to the saline control on skin
prick testing.17

Asthma was defined as asthma that had ever
been diagnosed by a physician during the life-
time of the participant. Subjects were grouped
into three categories based on BMI (<25.0,
25.0–29.9, and ≥30 kg/m2) and two categories
based on waist circumference (<100 and
≥100 cm). Current smokers were participants
who reported smoking every day or almost
everyday, and had smoked at least 20 packs
during their lifetime. Ex-smokers were those
who were regular smokers but at the time of the
survey had quit for at least 6 months. Partici-
pants in the low education category did not
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proceed beyond secondary school; the high
education category included subjects admitted
to college or university, as well as those with a
postsecondary school certificate or diploma.
Subjects were classified into low- (<$50,000)
and high- (≥$50,000) income groups based on
total household income. A positive history of
respiratory allergy was defined by an affirma-
tive response to the question: “Have you ever
had an allergic reaction to things that are inhaled
(e.g., pollen, dust, animal fur, or smoke)? Other
variables included in the analysis were age
(years), household size (<3 or ≥3 people),
number of bedrooms (<4, ≥4), pets at home
(yes, no), regular alcohol drinking (yes, no),
and household dampness (yes, no).

This analysis was based on data from 1997
participants who had valid data of skin prick
testing, BMI, respiratory allergy, and asthma.
We calculated the prevalence of asthma and
corresponding 95% confidence intervals (CI)
according to various risk factors. Logistic
regression models were used to evaluate associ-
ations between obesity variables and the preva-
lence of asthma, taking other important
variables into consideration. Only sex and age
notably changed the final estimates and other
factors had little impact. Therefore, the final
adjusted models only included sex and age as
covariates. Model parameters were estimated
by the method of maximum likelihood and
were tested for significance using the Wald
statistic.

RESULTS

Of 1997 participants, 8% reported having
asthma, 30% had atopic sensitization, 31%
reported a history of respiratory allergy, and
35% were obese defined as BMI ≥30 kg/m2.
Table 1 shows that the prevalence of asthma
was higher in women than in men. Respiratory
allergy, atopic sensitization and obesity were
significantly associated with an increased risk
of asthma.

Table 2 shows that the prevalence of asthma
was increased with increasing BMI in those
without atopic sensitization or self-reported his-
tory of respiratory allergy. The relationships

were not significant in those with either atopic
sensitization or self-reported respiratory
allergy. The crude prevalence of asthma was
not significantly associated with waist circum-
ference when the study population was strati-
fied by either atopic status or self-reported
history of allergy (Table 2).

A multiple logistic regression model was
used to assess the independent effects of BMI
and waist circumference on the prevalence of
asthma after controlling for potential confound-
ers. Compared to those with a BMI <25 kg/m2,
the odds ratio for the nonatopic subjects of
those with a BMI of at least 30.0 kg/m2 was
2.01 (95% CI: 1.13, 3.59) after adjustment for
sex and age (Table 3). Neither unadjusted nor
adjusted odds ratios for atopic subjects was sta-
tistically significant. The adjusted odds ratios
for obesity versus normal weight were 2.56
(95% CI: 1.07, 6.12) and 1.76 (95% CI: 1.04,
3.01) for those without and with a history of
respiratory allergy, respectively. The associa-
tion of asthma with waist circumference was
not statistically significant in any of the sub-
groups defined by atopy and respiratory allergy.

TABLE 1. Prevalence of Asthma According to 
Major Risk Factors, the Humboldt Study, 2003

No. Cases Percent p value

Sex
Male 864 49 5.7
Female 1133 111 9.8 <.001

Age (years)
18–39 532 52 9.8
40–59 778 58 7.5
≥60 687 50 7.3 .215

Respiratory allergy
No 1377 48 3.5
Yes 620 112 18.1 <.001

Atopy
No 1403 88 6.3
Yes 594 72 12.1 <.001

Body mass index (kg/m2)
<25 539 35 6.5
25–29.9 753 54 7.2
≥30 705 71 10.1 .039

Waist circumference (cm)
<100 1149 85 7.4
≥100 644 54 8.4
Unknown 204 21 10.3 .341
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TABLE 2. Prevalence of Asthma Associated with Body Mass Index and Waist Circumference in 
Atopic and Nonatopic Individuals, the Humboldt Study, 2003

No. Cases Percent c2 [trend] 
(p value)

No. Cases Percent c2 [trend] 
(p value)

Nonatopic Atopic

Body mass index (kg/m2)
<25 392 19 4.8 147 16 10.9
25–29.9 541 30 5.5 [4.52] 212 24 11.3 [0.72]
≥30 470 38 8.3 (.033) 235 32 13.6 (.395

Waist circumference (cm)
<100 817 49 5.6 332 39 11.7
≥100 447 31 6.9 1.54 197 23 11.7 0.69
Unknown 139 11 7.9 (.462) 65 10 15.4 (.709)

Without respiratory allergy With respiratory allergy

Body mass index (kg/m2)
<25 367 7 1.9 172 28 16.3
25–29.9 530 19 3.6 [4.34] 223 35 15.7 [2.24]
≥30 480 22 4.6 (.037) 225 49 21.8 (.134)

Waist circumference (cm)
<100 796 25 3.1 353 60 17.0
≥100 444 16 3.6 1.37 200 38 19.0 0.75
Unknown 137 7 5.1 (.503) 67 14 20.9 (.686)

TABLE 3. Unadjusted and Adjusted* Odds Ratios (OR) and 95% Confidence Intervals (CI) for 
Asthma in Relation to Body Mass Index and Waist Circumference by Atopic Status and 

Respiratory Allergy, the Humboldt Study, 2003

Unadjusted Adjusted* Unadjusted Adjusted*

OR 95% CI OR 95% CI OR 95% CI OR 95% CI

Nonatopic Atopic
Body mass index (kg/m2)
<25 1.00 1.00 1.00 1.00
25–29.9 1.15 0.64, 2.08 1.36 0.75, 2.50 1.05 0.54, 2.04 1.27 0.64, 2.53
≥30 1.78 1.01, 3.13 2.01 1.13, 3.59 1.29 0.68, 2.45 1.58 0.82, 3.04

Waist circumference (cm)
<100 1.00 1.00 1.00 1.00
≥100 1.25 0.78, 2.00 1.60 0.97, 2.63 0.99 0.54, 1.72 1.27 0.71, 2.26
Unknown 1.44 0.73, 2.85 1.52 0.76, 3.03 1.37 0.64, 2.90 1.69 0.78, 3.66

Without respiratory allergy With respiratory allergy

Body mass index (kg/m2)
<25 1.00 1.00 1.00 1.00
25–29.9 1.91 0.80,4.60 2.06 0.85, 5.00 0.96 0.56, 1.65 1.21 0.69, 2.13
≥30 2.47 1.04, 5.85 2.56 1.07, 6.12 1.43 0.86, 2.39 1.76 1.04, 3.01

Waist circumference (cm)
<100 1.00 1.00 1.00 1.00
≥100 1.15 0.61, 2.18 1.31 0.66, 2.58 1.15 0.73, 1.80 1.46 0.91, 2.34
Unknown 1.66 0.70, 3.92 1.63 0.68, 3.90 1.29 0.67, 2.47 1.35 0.70, 2.61

*Adjusted for age and sex.
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DISCUSSION

Our results demonstrate that the association
between obesity and asthma was significant in
those without atopic sensitization but not in
those with atopic sensitization. Consistent with
a previous study,14 the study also showed that
the relationship between obesity and asthma
was stronger in those without compared to
those with self-reported history of respiratory
allergy. These results suggest that obesity is
more strongly associated with nonatopic or
nonallergic asthma than atopic or allergic
asthma. The modifying effect of atopy has also
been found in previous studies. In a study of
4060 adults in Australia,15 abdominal obesity
was significantly associated with asthma in
women but not in men. When stratified by
atopic status, the relationship between obese
levels of waist circumference and waist-hip
ratio with asthma was significant in both men
and women who were nonatopic, but not in
those who were atopic.15 In a large scale cohort
study in Sweden, obese levels of BMI and waist
circumference were significantly associated
with an increasing incidence of nonatopic
asthma only.18 It appears that obesity is not
associated with atopic status.12,13,19

Romanet-Manent and colleagues reported
that nonatopic or nonallergic asthma is more
likely to be adult-onset, more common in
women and less common in children.20 The
present findings explain those observed in
previous studies that the association between
obesity and asthma is stronger in women than
in men and the evidence for the association is
weak in children, although the mechanisms are
not known. There are some speculations about
reasons for the modifying effects of allergy
history14 and atopic sensitization15 on the rela-
tionship between obesity and asthma, but they
need to be further explored in future studies.

There are several potential pitfalls in this
study. Physician-diagnosed asthma was self-
reported and therefore is subject to reporting
bias. Another potential concern is over-
diagnosis of asthma by physicians. A recent
Canadian study found 30% of asthma patients
with a label of “physician diagnosed asthma”
were misdiagnosed, but the over diagnosis

was almost the same in normal weight and
obese groups (personal communication with
Dr. Shawn Aaron), suggesting that obesity is
not a reason for over diagnosis of asthma. In
addition, because of the sample size of our
population, we were not able to examine the
modifying effects of atopy and respiratory
allergy on the association between obesity
and asthma further stratified by sex.

In summary, our results suggest that atopic
sensitization and respiratory allergy modify
the relationship between obesity and asthma
in adults. The association between obesity
and asthma was significant in the nonatopic
group but not in the atopic group. Nonatopic
asthma is more common in women than in
men and in adults than in children. These
study findings may explain previous observa-
tions of a more pronounced relationship
between obesity and asthma in women than
in other subpopulations.

REFERENCES

1. Rönmark E, Andersson C, Nyström L, Forsberg B,
Järvholm B, Lundbäck B. Obesity increases the risk of inci-
dent asthma among adults. Eur Respir J. 2005;25:282–288.

2. Chen Y, Rennie D, Cormier Y, Dosman J. Sex
specificity of asthma associated with objectively measured
body mass index and waist circumference: the Humboldt
study. Chest 2005;128:3048–3054.

3. Nystad W, Meyer HE, Nafstad P, Tverdal A, Enge-
land A. Body mass index in relation to adult asthma
among 135,000 Norwegian men and women. Am J Epide-
miol 2004;160:969–976.

4. Luder E, Ehrlich RI, Lou WY, Melnik TA, Kattan
M. Body mass index and the risk of asthma in adults.
Respir Med 2004;98:29–37.

5. Beckett WS, Jacobs DR Jr, Yu X, Iribarren C, Will-
iams OD. Asthma is associated with weight gain in
females but not males, independent of physical activity.
Am J Respir Crit Care Med 2001;164:2045–2050.

6. Muñoz-López F. Is there a parallel relation between
the increased incidence of obesity and asthma? Allergol
Immunopathol (Madr) 2000;28:1–4.

7. Shaheen SO, Sterne JA, Montgomery SM, Azima
H. Birth weight, body mass index and asthma in young
adults. Thorax 1999;54:396–402.

8. Chen Y, Dales R, Krewski D, Breithaupt K.
Increased effects of smoking and obesity on asthma
among female Canadians: the National Population Health
Survey, 1994–1995. Am J Epidemiol 1999;150:255–262.

D
o
w
n
l
o
a
d
e
d
 
B
y
:
 
[
C
e
n
t
e
r
s
 
f
o
r
 
D
i
s
e
a
s
e
 
C
o
n
t
r
o
l
 
a
n
d
 
P
r
e
v
e
n
t
i
o
n
]
 
A
t
:
 
2
0
:
2
4
 
2
6
 
M
a
y
 
2
0
1
1



Chen et al. 227

9. Camargo CA Jr, Weiss ST, Zhang S, Willett WC,
Speizer FE. Prospective study of body mass index, weight
change, and risk of adult-onset asthma in women. Arch
Intern Med 1999;159:2582–2588.

10. Chen Y. Obesity and asthma in children. J Pediatr
2004;144:146–147.

11. Story RE. Asthma and obesity in children. Curr
Opin Pediatr 2007;19:680–684.

12. Jarvis D, Chinn S, Potts J, Burney P; European
Community Respiratory Health Survey. Association of
body mass index with respiratory symptoms and atopy:
results from the European Community Respiratory Health
Survey. Clin Exp Allergy 2002;32:831–837.

13. Schachter LM, Salome CM, Peat JK, Woolcock
AJ. Obesity is a risk for asthma and wheeze but not airway
hyperresponsiveness. Thorax 2001;56:4–8.

14. Chen Y, Dales R, Jiang Y. The association
between obesity and asthma is stronger in nonallergic than
allergic adults. Chest 2006;130:890–895.

15. Appleton SL, Adams RJ, Wilson DH, Taylor AW,
Ruffin RE; North West Adelaide Health Study Team.
Central obesity is associated with nonatopic but not atopic

asthma in a representative population sample. J Allergy
Clin Immunol 2006;118:1284–1291.

16. Sievenpiper JL, Jenkins DJ, Josse RG, Leiter LA,
Vuksan V. Simple skinfold-thickness measurements
complement conventional anthropometric assessments in
predicting glucose tolerance. Am J Clin Nutr 2001;73:
567–573.

17. American Academy of Allergy, Asthma and
Immunology (AAAAI). The use of standardized allergen
extracts. J Allergy Clin Immunol 1997;99:583–586.

18. Kronander UN, Falkenberg M, Zetterström O.
Prevalence and incidence of asthma related to waist
circumference and BMI in a Swedish community sample.
Respir Med 2004;98:1108–1116.

19. von Mutius E, Schwartz J, Neas LM, Dockery D,
Weiss ST. Relation of body mass index to asthma and
atopy in children: the National Health and Nutrition
Examination Study III. Thorax 2001;56:835–838.

20. Romanet-Manent S, Charpin D, Magnan A,
Lanteaume A, Vervloet D; EGEA Cooperative Group.
Allergic vs nonallergic asthma: what makes the differ-
ence? Allergy 2002;57:607–613.

D
o
w
n
l
o
a
d
e
d
 
B
y
:
 
[
C
e
n
t
e
r
s
 
f
o
r
 
D
i
s
e
a
s
e
 
C
o
n
t
r
o
l
 
a
n
d
 
P
r
e
v
e
n
t
i
o
n
]
 
A
t
:
 
2
0
:
2
4
 
2
6
 
M
a
y
 
2
0
1
1


