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*Institut Municipal Investigació Mèdica (IMIM) and Universitat Pompeu Fabra, Barcelona, Catalonia, Spain, wDepartment of Epidemiology and
Department of Molecular Microbiology and Immunology, The Johns Hopkins University Bloomberg School of Public Health, Baltimore, MD, USA,
zDepartment of Medicine, University of California at Los Angeles School of Medicine, CA, USA, §CORE Center, Cook County Hospital, Chicago, IL,
USA, zDepartment of Epidemiology, University of California at Los Angeles School of Public Health, Los Angeles, CA, USA, and 8Department of
Microbiology and Infectious Diseases, Department of Pathology, University of Pittsburgh School of Public Health, Pittsburgh, PA, USA

Summary
Background Eosinophils play a central role in asthma, but the interplay of the effects of smoking,

eosinophils and asthma remains unclear.

Objective The primary objective of our study was to investigate the extent to which smoking

modifies the effect of asthma on circulating eosinophils, CD41 and CD81 T cell counts.

Methods Data were collected semiannually between 1987 and 1994 from HIV-negative participants

in the Multicenter AIDS Cohort Study. Asthma was defined by a questionnaire at baseline as a self-

report of diagnosed asthma. A total of 1420 blood samples from 197 asthmatics and 15 822 from

1997 non-asthmatics were collected.

Results Eosinophil levels were higher in asthmatics (28% of asthmatics had eosinophils X4% and

16% of non-asthmatics) regardless of smoking history, but smoking modified the association

between eosinophils and asthma. Namely, the odds ratios for eosinophils being X4% in asthmatics

to non-asthmatics decreased from 2.7 (95% CI: 2.0, 3.6) in never, to 2.1 (1.4, 3.1) in former, and to

1.5 (0.9, 2.3) in current smokers. Cross-sectional and longitudinal analyses coherently showed that

smoking increased eosinophils in non-asthmatics, but the converse was true for asthmatics. In

contrast, no differences in peripheral blood T cell counts between asthmatics and non-asthmatics

were observed.

Conclusion Under the established link between increased eosinophils and asthma, these data

indicate that smoking modified this relationship. This finding suggests that smoking plays a different

immunological role in asthmatics and non-asthmatics.
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Introduction

The effects of smoking on asthma are not fully understood.
Some studies have found that smoking increases the risk of
asthma attacks [1, 2], suggesting that inflammation of the
mucosa and an increase in lung permeability secondary to
smoking could augment antigen access to immunocompetent
cells [3]. However, most studies have not demonstrated any
association between smoking and asthma incidence [4–6].
More intriguing is the debate regarding the possible associa-
tion between smoking cessation and asthma onset [7–9],
which might indicate an immunological effect of smoking in
the airways of asthmatics [10].
In the general population, smoking increases eosinophils in

peripheral blood [11, 12]. Eosinophils play a central role in
asthma [13], and both symptomatic and asymptomatic

asthmatics have increased numbers of eosinophils in periph-
eral blood [14]. Eosinophils are associated with decreased
lung function in asthmatics [13, 15], severity of asthma [13],
respiratory symptoms [16, 17] and bronchial hyper-respon-
siveness [18]. Eosinophilia is associated with higher mortality
in the general population [19]. T lymphocytes initiate and
program the immune response through the secretion of
protein mediators. Thus, T cells are an important source of
cytokines that may influence eosinophil growth and differ-
entiation [20]. In bronchial lavage studies, smokers showed a
dose–response reduction of the CD41/CD81 T cell ratio due
to an increase of CD8, suggesting a disturbance of cellular
immunoregulation in the lungs of smokers [21]. Studies on T
cells in peripheral blood are controversial and have demon-
strated both positive [22, 23] and negative [24, 25] associations
between smoking and CD41/CD81 T cell ratio. However,
these studies were cross-sectional and limited to small
populations.
The Multicenter AIDS Cohort Study (MACS), an ongoing

prospective study of the natural history of HIV infection,
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follows a large cohort of HIV-negative individuals. During
semiannual follow-up with each individual, data on cell
components of peripheral blood were collected, and smoking
behaviour was ascertained. We have previously reported the
effects of smoking on total white blood cells (WBC) within
the non-HIV-infected individuals of the MACS [26], and we
have also reported the interaction of HIV infection and
smoking on the components of WBC [27]. Since a history of
asthma was ascertained during the subject’s initial visit, these
data offered an opportunity to investigate the extent to which
smoking modifies the effect of asthma on eosinophils, and on
CD41 and CD81 T cell counts. The interrelations between
eosinophils/T cells, smoking and asthma have not been
evaluated previously.

Methods

Participants

A detailed description of the MACS population and study
design has been provided elsewhere [28]. Briefly, a cohort of
homosexual men from four US centres was followed
semiannually. Seropositivity to HIV was determined, at each
visit, by ELISA and confirmed with Western blot. At entry,
2195 participants were seropositive; and of the 3427
seronegative subjects, 573 had seroconverted as of December
2000. In this study, we focused on the 2854 participants who
remained seronegative up to December 2000.
Although the first of the semi-annual MACS visits took

place in 1984, and blood was collected at each visit, for the
purposes of this study we restricted attention to data collected
between visits 8 and 22, when a uniform questionnaire on
smoking was used. Hence, the time of follow-up spanned 7
years, from visit 8 in 1987–1988 to visit 22 in 1994–1995. Of
the 2854 participants who remained seronegative up to
December 2000, a total of 2519 (88%) attended at least one
visit during this time. During each visit, blood was collected
for haematological studies, including complete blood counts
and automated differential, and to determine the percentage
and number of T lymphocytes by flow cytometry, with a
comprehensive quality control programme among the four
study sites [29]. Of the 2519 individuals seen between visits 8
and 22, 2194 (87%) provided haematological information
regarding eosinophils and T cells, and answered the smoking
questionnaire. This group comprised the study population for
the analysis reported here. Data were available for 17 242
person-visits over the 8-year period of follow-up. Smoking
behaviour was assessed at each visit in three categories (i.e.,
never/former/current). Individuals were classified as current
smokers if they reported at least one cigarette daily during the
previous month (92% of cases classified as current smokers)
or if they reported occasional smoking (8%).
Asthma was defined at baseline based on the answer to the

question ‘Has a doctor or other medical practitioner ever told
you that you had asthma?’

Statistical analysis

The first step in data analysis was to describe the study
variables in asthmatics and non-asthmatics, both at baseline

and at all person-visits. To accomplish the primary aim of
examining the interplay of smoking and asthma on cell
components in peripheral blood, we first analysed all person-
visits in the strata of six categories defined by asthma/no
asthma and never/former/current smoking, with asthma as a
fixed variable assessed at baseline and smoking as a time-
dependent variable incorporating behavioural changes over
time. To determine how the putative differences in cell
components in asthmatics and non-asthmatics might be
affected by smoking, we tested the statistical significance of
differences for continuous variables and of odds ratios for
binary outcomes (e.g., eosinophils X 4%). To combine data
for all visits formally (i.e., conceiving the visits as a series of
cross-sectional studies) and to incorporate the intrinsic
correlation of cell components measured in the same
individual over time (of no prior interest to this study), we
used robust methods for the calculation of confidence
intervals [30]. The association of asthma to cell components
was measured using a cut-off point of 4% for eosinophils,
which corresponds to approximately the 15th percentile and
the clinical criteria of eosinophilia [11], and for the CD41/
CD81 T cell ratio we used 1.8 (the median) as cut-off for the
analysis. To determine how cell components changed
according to changes in smoking behaviour, we formed all
the possible pairs of visits that were 6 months apart and used
standard methods for comparisons of means and propor-
tions.

Results

Of the 2194 individuals in our study population at their initial
MACS visit, 197 (9%) reported having been identified with a
history of asthma during their initial MACS visit. Table 1
shows descriptive statistics for asthmatics and non-asth-
matics. The two groups were similar in age, but participants
who lived in Los Angeles and non-white subjects had slightly
higher rates of asthma. In the follow-up period from 1987 to
1994–1995, the 197 asthmatics and the 1997 non-asthmatics
contributed 1420 and 15822 person-visits, respectively. Using
person-visits as the units of analysis, the asthmatic group had
a lower proportion of current smokers. Regarding cells in
peripheral blood, the groups did not differ in white blood
counts or T cell subsets (i.e., CD41 and CD81), but
asthmatics did show significantly higher levels of eosinophils
(190 counts/mL (2.8%) in asthmatics and 148 counts/mL
(2.2%) in non-asthmatics, Po0.05), both in the mean values
and in the percent of person-visits with eosinophils X4%
(27.6% in asthmatics and 16.1% in non-asthmatics).
Using all person-visits as the units of analysis, Table 2

describes the distribution of cells in peripheral blood for
asthmatics and non-asthmatics in the strata for never, former
and current smokers. Eosinophil levels were higher in
asthmatics (Po0.05) regardless of smoking history. Among
non-asthmatics, eosinophil levels increased with smoking,
from 2.09% among the never group, to 2.23% among former
smokers and to 2.35% among current smokers (2.4% in
smokers of more than 1 pack/day). However, among
asthmatics, the trend was in the opposite direction; namely,
levels of eosinophils decreased from 2.91% in never, to 2.88%

Effects of asthma on cell components 1501

r 2003 Blackwell Publishing Ltd, Clinical and Experimental Allergy, 33:1500–1505



in former and 2.58% in current smokers (2.4% in smokers of
more than 1 pack/day). The opposite directionality of the
effect of smoking on eosinophils among asthmatics and non-
asthmatics led to an attenuation of the increase of eosinophils
among asthmatics. Specifically, the overall difference of 0.63
reported in Table 1 was modified by smoking as follows: 0.82
for never, 0.65 for former and only 0.23 for current smokers
(P for effect modification: o0.05). This effect modification
was even more pronounced using the percentage of person-
visits with eosinophils X4%. Specifically, the odds ratios for
eosinophils X4% were 2.5, 2.1 and 1.2 among never, former

and current smokers, respectively (being 0.85 in smokers of
more than 1 pack/day).
Peripheral blood levels of CD41 T cells were higher, and

CD81 T cells were lower in asthmatics and non-asthmatics
who reported a history of smoking (Table 2). The increase in
CD41 T cells produced by smoking was more pronounced in
asthmatics than in non-asthmatics, resulting in significantly
(Po0.05) higher levels of CD41 T cells in asthmatics than in
non-asthmatics among former and current smokers. How-
ever, the increase in CD41 T cells was slight and did not
result in significant differences in the CD41/CD81 T cells
ratio between asthmatics and non-asthmatics at any strata of
smoking.
To determine possible trends over time, we further stratified

by visit (i.e., we carried out a separate analysis for each of the

Table 1. Description of study variables by asthma in seronegative partici-
pants in the MACS (1984–1994)

Asthma in 1984 No asthma in 1984

(n5 197) (n5 1997)

Mean age (years) 34.579.5 34.178.1

Center, n (%)

Baltimore 43 (21.8%) 544 (27.2%)

Chicago 41 (20.8%) 390 (19.5%)

Los Angeles 73 (37.1%) 514 (25.7%)

Pittsburgh 40 (20.3%) 549 (27.5%)

Race, n (%)

White 180 (91.4%) 1,865 (93.4%)

Non-white 17 (8.6%) 132 (6.6%)

No. of person-visits in the

follow-up (1987–1994) (n) 1420 15 822

Smoking, n (%)

Never 713 (50.2) 7361 (46.5)

Former 406 (28.6) 4239 (26.8)

Current 301 (21.2) 4222 (26.7)

o1 pack/day 114 (37.9) 1911 (45.3)

X1 pack/day 187 (62.1) 2308 (54.7)

Cells, mean7SD

White blood cell (WBC)

counts/mL

670171745 671471807

% Eosinophil among WBC 2.8372.36 2.2071.76

X4% 27.6% 16.1%

% CD41 among lymphocytes 46.9077.78 46.2577.93

% CD81 among lymphocytes 27.1876.98 27.2777.37

Ratio CD41/CD81 T cell 1.8870.83 1.9070.79

Table 2. Cross-sectional association: cells (counts and percent) by smoking (never, former, current) and asthma at ALL visits by 2194 seronegative participants
in the MACS (1987–1994)

Never Former Current

Asthma No asthma Asthma No asthma Asthma No asthma

Person-visits 713 7361 406 4239 301 4222

WBC mean counts/ml 6370 6339 6658 6532 7543 7551

Eosinophils % in WBC

Mean 2.91* 2.09 2.88* 2.23 2.58* 2.35

X4% 29.3%* 14.4% 28.6%* 16.3% 22.3% 18.9%

T cells, mean

%CD41w 45.49 45.05 47.65* 46.33 49.24* 48.26

%CD81w 27.78 27.64 26.66 27.12 26.46 26.77

CD41/CD81 1.81 1.80 1.97 1.89 2.03 2.00

WBC: white blood cells.
nPo0.05 comparing asthma/no-asthma within the smoking strata.
wPercent in total lymphocytes.
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Fig. 1. Association (odds ratio, OR) between eosinophils (EOS X4%) and
asthma by smoking status per visit. The vertical lines portray the 95% CI for
the OR at ALL visits using robust methods for the evaluation of standard
errors. Each dot depicts the OR at each visit. Full dots where Po0.05.
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15 semi-annual visits) and quantified the relationships
between asthma and eosinophil levels and CD41/CD81 T
cell ratio by the odds ratios of eosinophils X4% and CD41/
CD81 T cells X1.8 in asthmatics to non-asthmatics. Figs 1
and 2 depict the odds ratios among never, former and current
smokers. To combine all the visits into a summary measure,
we used robust methods for the calculation of confidence
intervals due to the intrinsic correlation of eosinophils and
CD41/CD81 T cell ratios measured in the same individual
over time. The summary odds ratios (95% C.I.) for eosinophil
being X4% in asthmatics to non-asthmatics decreased from
2.7 (2.0–3.6) in never, to 2.1 (1.4–3.1) in former and to a non-
significant odds ratio of 1.5 (0.9–2.3) in current smokers (Fig.
1). In contrast, the pattern for the CD41/CD81 T cells ratio
showed a slight increase in smokers, but none of the odds
ratios were statistically significant as the three confidence
intervals contained the null value of 1 (Fig. 2).
To determine how the percentage of eosinophils among

WBC and CD41/CD81 T cell ratios varied according to

changes in smoking status, we formed all the possible pairs of
visits six months apart. The outcomes of primary interest
were differences in eosinophil and CD41/CD81 T cell levels
(Table 3). Most of the subjects (91%) did not change smoking
behaviour between visits. Individuals who remained in the
same smoking category between visits maintained the same
eosinophil levels. Consistent with the data in Table 2 and Fig.
1, asthmatics who started or resumed smoking demonstrated
a decrease in the percentage of eosinophils among WBC
(mean change5 � 0.207), but non-asthmatics demonstrated
an increase (mean change5 0.039). Similarly, those asth-
matics who quit smoking showed an increase in eosinophils
(mean change5 0.174), while non-asthmatics showed a
decrease (mean change5 � 0.041). Owing to the relatively
small number of individuals who changed smoking behaviour
(9%), the test for effect modification was not statistically
significant (P5 0.29). Changes in the CD41/CD81 T cell
ratio as a function of changed behaviour between visits were
even less significant.
To determine the percentage of subjects exhibiting eosino-

phils X4% according to changes in smoking behaviour, we
carried out a parallel analysis using the proportion of
discordant pairs between two consecutive visits. The relative
risk of an increase in eosinophils 44% from one visit to the
next was 0.90 (0.32–2.46) for asthmatics and 1.39 (0.95–2.07)
for non-asthmatics who resumed smoking, not quantifiable
(i.e., unquantifiably high) for asthmatics and 0.92 (0.51–1.65)
for non-asthmatics who quit smoking.

Discussion

Higher peripheral blood eosinophil and CD41 T cells in
asthmatics are not new. What this study adds is that persons
with asthma had circulating eosinophil levels two times
greater than non-asthmatics if they never smoked, but similar
levels if they smoked, demonstrating that smoking attenuates
increased eosinophilia in asthma. Similarly, changes in
smoking behaviour within any 6-month period led to reversal
of eosinophil levels in asthmatics compared to non-asth-
matics. Thus, as expected, starting to smoke increased the
proportion of eosinophils in individuals without asthma, but
decreased the proportion of eosinophils in individuals with
asthma. Also, as expected, smoking cessation decreased the
proportion of eosinophils in non-asthmatics, but increased it
in asthmatics. In contrast, this study did not observe a
difference in peripheral blood T cell percentages between

Fig. 2. Association (odds ratio, OR) between CD41/CD81 T cell ratio
(measured per CD41/CD81 T cell X1.8) by smoking status per visit. The
vertical lines portray the 95% CI for the OR at ALL visits using robust
methods for the evaluation of standard errors.

Table 3. Mean change 7SD for differences in percent eosinophils and CD41/CD81 T cell ratio according to the change in smoking during the study follow-up,
1987–1994

No. of pairs Percent eosinophils Ratio CD41/CD81

Smoking Asthma No asthma Asthma No asthma Asthma No asthma

Never–never 502 5300 0.04072.24 �0.00271.69 0.00670.54 0.01070.51

Former–former 236 2573 0.05172.05 0.01771.66 � 0.00270.51 0.02070.54

Current–current 190 2884 0.01171.77 �0.01671.71 � 0.01870.51 0.01770.63

Never/former–current 58 777 �0.20772.47 0.03971.62 � 0.00170.57 � 0.02570.55

Current–Former 23 267 0.17471.15 �0.04171.82 � 0.08370.80 0.01470.56
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asthmatics and non-asthmatics, although the CD41/CD81T
cell ratio increased moderately with smoking. A moderate
increase in this ratio, related to quantity of smoking, had
previously been observed [10, 26].
The number of asthmatics who changed their smoking

habits between two consecutive visits was small, and we could
not exclude differences in cells due to chance. However, the
consistency of the cross-sectional analysis, demonstrating a
statistically significant negative interaction, and the long-
itudinal analysis, demonstrating a qualitative negative inter-
action, suggests that the interaction found in the longitudinal
analysis was not likely due to random variation. A second
limitation of the study relates to the potential misclassifica-
tion of asthma. Asthma diagnosis was based on a single
question and we did not have information on asthma
treatment. However, the longitudinal analysis of subjects
who changed smoking status reduces the influence of the
potential misclassification of asthma diagnosis, since compar-
isons were made within the same subjects. A third limitation
refers to the lack of information on asthma onset/remission
over the follow-up period. However, incidence rates in
adulthood are expected to be rather low. Finally, the study
did not have enough power to assess the effect of intensity of
smoking in a fine manner. However, when smokers of more
than 1 pack/day were grouped aside from smokers of less
than 1 pack/day, the effect modification of smoking was even
larger.
Halonen et al. [11] first described the relationship between

smoking and an increase in circulating eosinophils in 1982.
The fact that smoking also increases IgE [12, 31] suggests that
smoking has a profound effect on the immunological system.
Allergies to tobacco, an increase of alveolar epithelial
permeability to allergens, reduction of immune receptor
activity of alveolar macrophages, alteration of T cell function,
and changes in the CD41/CD81 T cell ratio (10) are just a
few of these effects. The fact that smoking produces only a
small change in the CD41/CD81 T cell ratio at the peripheral
level does not rule out organ level effects, as studies with
bronchoalveolar lavage have observed [21]. Recent findings in
a general population study showed that the association
between smoking and specific IgE is different for different
allergens (e.g., negative association of smoking with IgE
antibodies to grass and cat, but positive with antibodies to
mites), suggesting that the immunological impact of smoking
is complex [32].
What is happening in the peripheral blood may be different

at the airway level. However, studies including sputum
induction observed that non-smoking asthmatics had a higher
proportion of sputum eosinophils than smoking asthmatics
[38, 39], which is in agreement with our results in peripheral
blood.
How, then, can we explain the paradoxical effect of

starting/quitting smoking on the level of circulating eosino-
phils in asthmatics compared to non-asthmatics? Can
inflammation in non-smoking asthmatics be different than
in smoking asthmatics, which in turn may have a different
inflammation than smoking non-asthmatics? This apparently
counterintuitive finding agrees with some other epidemiolo-
gical data. In a general population survey, smoking was
found to increase bronchial hyper-responsiveness only in non-
atopic individuals and the authors reported a negative

interaction between smoking and atopy [33]. Furthermore,
in a recent longitudinal study, a strong association was found
between smoking and onset of asthma among non-atopic
subjects [34]. It is not known whether smoking directly affects
bone marrow, or if its effect on the equilibrium of
immunologic receptors and inflammatory mediators remains
at the humoral level. Thus, one explanation for these findings
is that smoking has different immunological effects in subjects
with and without atopy.
An increase in eosinophils in non-asthmatic smokers

supports the hypothesis that smoking may enhance the risk
of adult onset asthma. Not all epidemiological studies,
however, have observed an association between smoking
and asthma incidence [7, 35–37]. On the other hand, cessation
of smoking in non-asthmatics has been shown to reduce
eosinophils, which agrees with recent findings from a Lung
Health Study demonstrating that non-asthmatics who quit
smoking had a lower prevalence of pulmonary symptoms [8].
A small study of asthmatics showed a worsening of symptoms
following smoking cessation, leading the authors to suggest
the occurrence of an immunological disequilibrium in the
airways of asthmatics when exposure to tobacco smoke is
altered [40]. This finding was attributed to misdiagnosis of the
symptoms that prompted smoking cessation rather than the
appearance of symptoms after cessation. In light of the
present results showing an increase of eosinophils in
asthmatics who quit smoking, and the relationship between
eosinophils and symptoms [16], the findings could indeed be
causal, and their mechanistic basis merits further biological
research.
In conclusion, we feel that this study underscores the

complexity of the relationships between smoking, asthma and
eosinophils in peripheral blood, and suggests that smoking
plays a different immunological role in asthmatics and non-
asthmatics.
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