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Alpha1*antitrypsin phenotypes and lung function
in a moderately polluted northern Ontario community
D.N. OsTRow, MD, FACCP, FRCP[C]; J. MANFREDA, MD; K.S. TSE, MD, FRCP[C]; T. DORMAN,* MD, FRCP[c];
R.M. CHERNIACK, MD, FCCP, FACP, FRCP[C]

To determine whether persons with
intermediate value c&1-antitrypsin
phenotypes living in a polluted
environment manifest significant
abnormalities in lung function, a study
was undertaken of an age-, sex- and
smoking-stratified sample of 391 persons
from the town of Fort Frances, Ont.,
which has elevated values of total
dustfall, suspended particulates and
hydrogen sulfide. Indices of pulmonary
function were derived from the maximum
expiratory flow and the single breath
expiratory nitrogen washout curves.
The percentage frequency of the M,
MS and MZ phenotypes was 91.7, 7.3
and 0.8, respectively. There was no
significant difference between the M
and MS groups as indicated by the
nitrogen washout curve and maximum
expiratory flow curve. There was no
significant difference between the three
MZ subjects and the M group. In both
M and MS groups smokers displayed
evidence of airflow obstruction when
compared with nonsmokers. It would
appear that, when compared with M
subjects, persons with the MS phenotype
living in a moderately polluted area
show no changes in indicators of
pulmonary function, including tests of
early airway disease, that cannot be
attributed to their smoking habit.

Afin de determiner si les personnes
dont les ph6notypes determinent des
taux interm6diaires de cz1-antitrypsine
et qui vivent dans un environnement
pollu6 manifestent des anomalies
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pulmonaires significatives, une 6tude
a ete entreprise chez un echantillon
stratifie pour l'ige, le sexe et l'habitude
de fumer de 391 personnes de
Fort Frances, Ontario, une municipalite
ayant des taux elev6s de poussiere,
de particules en suspension et de
sulfure d'hydrogane. Les indices
pulmonaires ont et6 obtenus a partir
du debit expiratoire maximum et des
courbes d'.limination de lazote a
l'expiration simple. Les pourcentages
des phenotypes M, MS et MZ ont
ete de 91.7, 7.3 et 0.8, respectivement.
Dl n'y a pas eu de difference significative
entre Des groupes M et MS, tel
qu'indique par Ia courbe d'elimination
de I'azote et Ia courbe du debit
expiratoire maximum. Dl n'y avait pas
de difference significative entre Des
trois sujets de ph6notype MZ et le
groupe M. Dans Des deux groupes
M et MS, Des fumeurs ont manifest6
des signes d'obstruction respiratoire,
comparativement aux nonfumeurs.
ID semble donc que, en comparaison
avec Des sujets de ph6notype M, Des
personnes de ph6notype MS vivant
dans une region moder6ment polluee ne
presentent aucun changement des
indices de Ia fonction pulmonaire, y
compris ceux pour Des maladies
des voies respiratoires & Deur d6but
qui ne peuvent itre attribu6es a
l'habitude de fumer.

Alphai-antitrypsin (AAT) is a glyco-
protein that makes up over 90% of
the serum ai-globulins. It is an acute-
phase reactant protein because its con-
centration in the serum increases con-
siderably in various physiologic and
pathologic conditions such as pregnan-
cy, the use of oral contraceptives, in-
fections and others. Functionally, it is
capable of inhibiting a number of

enzymes including trypsin, chymotryp-
sin, plasmin, elastase, kallikrein and
leukocytic and bacterial proteases. The
serum concentration of AAT is gen-
etically determined by a pair of auto-
somal genes and the genetics of the
AAT system is controlled by autosomal
codominant inheritance.
On the basis of differences in elec-

trophoretic mobility with appropriate
techniques, 24 variants of AAT have
been identified. An alphabetical letter
is assigned to each of the variants and
the M variant is the most common in
the population. Letters early in the
alphabet indicate those AAT variants
with fast electrophoretic mobility to-
ward the anode and, conversely, the Z
variant has the slowest electrophoretic
mobility.
The majority of the population (more

than 90%) have the AAT phenotype
M (MM) and have a normal value of
serum AAT of over 200 mg/dL. In
1963 Laurell and Eriksson' first ob-
served the association between AAT
deficiency and the early-onset, pan-
lobular type of emphysema. Although
it is now well established that indi-
viduals with the AAT phenotype ZZ,
who have very low values of serum
AAT, are at high risk of having
chronic airflow obstruction and pul-
monary emphysema, the risk to persons
with intermediate levels of AAT (e.g.,
phenotypes MZ and MS) remains con-
troversial. It has been demonstrated
that the lung elastic recoil is lower
than expected2 in older relatives of
patients with severe AAT deficiency
and that the rate of deterioration of
arterial oxygen tension with age is in-
creased.3 In addition, the proportion of
MZ subjects is less in the general popu-
lation than in patients attending clinics
for persons with chronic obstructive
pulmonary disease, but no apparent
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increase in the prevalence of MS phen-
otype has been noted in the latter.4
On the other hand, three large sur-

veys have failed to demonstrate an
increased incidence of lung function
abnormalities as measured by the maxi-
mum expiratory flow rates in persons
with intermediate values of AAT.38 It
has been suggested that these findings
might have been due to low levels of
pollution in the geographic areas that
were surveyed8'9 and to the predomin-
ance of younger people in the samples.
In addition, it might be argued that the
measurements permitted by the forced
vital capacity (FVC) maneuver were
not sensitive enough to detect early
abnormalities in the small airways.
As part of a study of the effect of

air pollution on respiratory health, lung
function in persons with the two com-
mon phenotypes (MS and MZ) asso-
ciated with moderately low concentra-
tions of serum AAT was compared
with that in individuals with phenotype
M. In addition to the values derived
from the FVC maneuver, those derived
from the single breath nitrogen curve
were also used to determine the pres-
ence of abnormalities in the airways.

Methods and materials

Site
The town of Fort Frances, Ont., with

pulp and paper mills located centrally
in the town, was chosen for study. The
concentrations of hydrogen sulfide and
of total dustfall in the town exceed the
provincially set maximum values of 20
parts per million (half-hour average)
and 8 tons per square kilometre (30
days) respectively.10 Vegetation damage
to maple trees in the town had oc-
curved in the years immediately pre-
ceding the study.10

Sample
An electoral list compiled 3 months

previously was used to identify all men
and women between 25 and 54 years
of age. Initially a telephone survey of
approximately 1200 persons was con-
du.ted to identify the smoking habits
of persons in the community and the
duration of their residence in the town.
From this preliminary survey, an age-,
sex-, smoking habits-stratified sample
was chosen for study from individuals
who had resided in the community for
at least 3 years and for each sex, in
the ratio of approximately two smokers
to one nonsmoker. Ex-smokers were
excluded. Equal numbers of males and
females were selected for each 5-year
age group. Of the 424 persons invited
to participate, 391 (92%) attended the
study, which consisted of the adminis-
tration of a questionnaire, taking of
blood for phenotyping and performance

of lung function tests. Seven individuals
refused to donate blood and were
dropped from the analysis. In addition,
24 individuals (22 with the M pheno-
type and 2 with the MS phenotype)
were excluded from further analysis
because it was established later that
they were ex-smokers. Thus, the final
analysis was performed on data from
360 subjects.

Questionnaire

The history with respect to respira-
tory symptoms, past respiratory illnesses
and smoking habits was elicited by ad-
ministering a modified United States
National Heart, Lung and Blood In-
stitute (NHLBI) questionnaire using
trained interviewers.11

Phenotyping of AAT

Venous blood was drawn and the
AAT phenotype was determined by
the technique of acid-starch gel fol-
lowed by antigen- and antibody-crossed
electrophoresis.12'13

Lung function

The FVC and the single breath nitro-
gen curve were measured according to
the standards set by the NHLBI.11'14
Volume and airflow were measured by
a rolling-seal spirometer (Cardio Pul-
monary Instruments, Houston, Texas)
and nitrogen concentration by a Vertek
nitrogen meter. Signals of volume.
flow and nitrogen concentration were
recorded on a magnetic tape subse-
quently processed by a computer (Hew-
lett-Packard 2100, Palo Alto, Califor-
nia) that calculated the values from the
FVC and single breath nitrogen curve.15
Estimates of the ratios of residual vol-
ume (RV) to total lung capacity (TLC),
closing volume (CV) to vital capacity
(VC), closing capacity (CC) to TLC
and the slope of the alveolar plateau
(slope of phase III) were averaged from
at least two and, where possible, three
comparable nitrogen washout curves.16'17
Data from subjects with only a single
satisfactory curve were excluded from
the analysis of these measurements of
lung function. The two measurements
CV/VC and CC/TLC from subjects
with a steep slope and indeterminate
CV were not used in the analysis.
The maximum value obtained from

at least three and up to five FVC man-
euvers was determined for FVC, forced
expiratory volume in 1 second (FEV1),
FEV1 as a percentage of FVC and the
maximum* expiratory flow rate at 50%
of vital (Vmaxso).

Analysis

Subjects were divided according to

their smoking habits and whether or
not they had symptoms. Nonsmokers
smoked less than one cigarette per day.
Asymptomatic subjects were those who
reported absence of chronic cough or
phlegm (for at least 3 months of the
year), or both, wheezing (apart from
colds), attacks of shortness of breath
with wheezing, or being short of breath
in comparison with other people of the
same sex and age. In addition, these
individuals had never been treated for
asthma, emphysema or tuberculosis and
had not had lung or heart surgery.
A multiple regression analysis using
height and age as independent variables
was then performed in order to obtain,
for each sex, the prediction equation
of the lung function values in asympto-
matic nonsmoking individuals with the
M phenotype. Lung function of all sub-
jects was then expressed as a percentage
of the predicted value. A lung function
measurement was considered abnormal
if it was more than two standard devia-
tions above (RV/TLC, CV/VC, CC!
TLC ratios and slope of phase III) or
below (FVC, FEV1, FEV1/FVC ratio
and Vmax5o) the predicted value for
that age, height and sex.

Results

The analysis of AAT phenotypes of
the 360 subjects demonstrated the M
phenotype in 91.9% of this group, the
MS phenotype in 7.2%, the MZ pheno-
type in 0.8% and others in 0.1%. The
characteristics of this group of subjects
are presented in Table I. The number
of individuals with the MZ phenotype
was not considered to be sufficient for
a comparison group, and so are not
considered in the further analysis.
Among M and MS subjects the num-

ber of males and females was about
equal (Table I). Since no significant
difference was found between males
and females in either M or MS pheno-
types with respect to age, duration of
residence in the community or lung
function, results for subjects of each
sex were pooled in order to examine
the relationship between lung function
and AAT phenotype. Although there
was no difference in mean age between
M and MS groups, the length of resid-
ence in the community was, on the
average, significantly (P <0.05) greater
in the M subjects who were smokers.
The proportion of MS phenotypes
was significantly higher (P < 0.05)
among nonsmokers (14/118 = 0.12)
than among smokers (12/239 = 0.05).
The prevalence of respiratory symp-

toms was closely related to smoking
history in M and in MS phenotype
groups. Fifty-nine percent of the M
smokers but only 25% of the M non-
smokers had respiratory symptoms. One
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third of the smokers with the MS
phenotype but none of the MS non-
smokers had respiratory symptoms. One
of the two MZ smokers had symptoms
while the nonsmoker did not.
The FVC maneuver was performed

satisfactorily by all subjects. On the
other hand, five M subjects (two non-
smokers and three smokers) did not

produce two satisfactory nitrogen wash-
out curves. In one MS and four M
smokers it was not possible to deter-
mine the CV because of the steep slope.
The lung function results are presented
in Table II.
The data shown in Table II indicate

that smoking had an effect on
the measurements. FEV1, FEV1/FVC

ratio and Vmax5. were reduced in
smokers in comparison with nonsmok-
ers in both M and MS phenotype
groups. This reduction was significant
(P < 0.05) for all three values in the
M group and for FEV1/FVC ratio in
the MS group. RV/TLC, CV/VC and
CC/TLC ratios were significantly high-
er in M smokers as compared with
M nonsmokers, but there was little dif-
ference between smokers and non-
smokers in the MS phenotype group.
Slope of phase III was significantly
(P <0.05) increased in smokers in both
phenotype groups.

Furthermore, the data demonstrate
that there was no difference between
smokers in the M and MS groups with
respect to the FVC test, or between
nonsmokers in the M and MS groups.
Similarly, there was no difference with
respect to the nitrogen washout curve
between M smokers and MS smokers.
On the other hand, the difference in
CV/VC between MS nonsmokers and
M nonsmokers approached the conven-
tional level of significance (P < 0.07).

In Table III the proportion of sub-
jects who showed more than two stand-
ard deviations from the predicted
values for FVC, FEV1, FEV1/FVC,
Vmax50, RV/TLC, CV/VC, CC/TLC
and the slope of phase III are shown.
There was no difference between the
phenotypic groups, whether smokers or
nonsmokers. There was, however, a
difference between smokers and non-
smokers in both phenotypic groups, the
smokers consistently displaying more
abnormalities than nonsmokers. The
addition of the MZ subjects to the
MS group did not alter the above
results.

Discussion

The expected frequency of individ-
uals with the MZ phenotype in the
population is approximately 3.0% .4,6 A
lower prevalence (0.83 %) was found
in the population we investigated. It
is unlikely that this was due to labora-
tory error in AAT phenotyping, as the
method used in the present study was
standardized with one of the reference
laboratories for this technique (Hospital
for Sick Children, Toronto), and our
results were read by two trained
observers independently. Moreover,
studies we have conducted among other
populations in Manitoba have found
the expected frequencies of different
AAT phenotypes. This low prevalence
could be a chance finding, but may be
due to a selected departure of MZ sub-
jects from the town of Fort Frances.
Finally, it is possible that, by excluding
ex-smokers, we have biased the selec-
tion of MZ subjects. For this to be true,
a higher proportion of MZ subjects
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would have to exist within the ex-
smoking group, but we cannot explore
this hypothesis.
We were able to detect a significant

difference in lung function between
smokers and nonsmokers in the M
group. While values tended to be lower
in smokers than in nonsmokers in the
MS group, only the FEV1/FVC ratio
and slope of phase III were significant-
ly different. This inconsistency may be
due to the smaller number of subjects
in the MS group. In addition, one MS
smoker had a CV that could not be
measured because of the high slope of
phase III.

In none of the measurements of
lung function except CV/VC was there
a difference between the M and MS
groups of nonsmokers. This difference
was almost significant at conventional
levels (P < 0.07). Since there was no
difference in VC between M and MS
nonsmokers, the observed difference in
CV/VC ratio must have been due to
an increase in closing volume. It can
be seen from Table III that in spite
of these elevated values, none of
the MS nonsmokers had values out-
side the range of normality for CV/VC.
There was no difference between smok-
ers in the two phenotypic categories.

If pollution in the town were a
selected risk factor for the MS subjects,
we would have expected a difference in
symptoms and lung function results be-
tween the MS and M subjects. There
is no evidence of such a difference ex-
cept for the increase in CV/VC in MS
nonsmokers, which could be a chance
finding. It is reasonable to hypothesize
that pollution would be additive to
smoking as a risk factor in the MS
subjects. However, our data do not
corroborate this hypothesis; pulmonary
function does not appear to be worse
in MS smokers than in M smokers.

It is interesting that we found more
MS subjects in both sexes among non-
smokers than among smokers. In addi-
tion, the duration of residence in the
community was shorter for MS smokers
than for M smokers. There was no
difference in this respect between M
and MS nonsmokers. Again, this dis-
tribution could be due to chance. How-
ever, another explanation may be that
a higher proportion of MS smokers
have stopped smoking or are more
likely to move in and out of the area.
These possibilities can be explored only
by a prospective study.

Therefore, our results, with sensitive
measurements of lung function to de-
tect early signs of airway disease such
as those derived from the single breath
nitrogen curve, are in agreement with
the findings in the other cross-sectional
studies'4 that persons with the MS phe-
notype do not appear to be at increased

risk of the development of obstructive
lung disease.
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