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Respiratory function impairment and cardiopulmonary
consequences in long-time residents of the Canadian Arctic

0. SCHAEFER, MD, FRCP[C]; R.D.P. EATON, PH D, MB, CH B; F.JW. TIMMERMANS, MD;
J.A. HILDES, MD, FRCP (LOND), FRCP[C]

Spirometry, roentgenography and electrocardiography were
performed during community health surveys in 1976-78 in
176 Inuit and other long-time residents of the northeastern
(Arctic Bay) and western (Inuvik) Canadian Arctic, and
the results were related to age, ethnic origin, occupation
and history of climatic exposure, smoking and hospitaliza-
tion for tuberculosis.

In Arctic Bay the young men showed excellent respiratory
function, normal-sized pulmonary arteries and normal elec-
trocardiograms, but abnormalities of all three types were
increasingly frequent and severe after age 25. The forced
mid-expiratory flow (FMF) fell to less than 500/c of the
norm by age 40, and dilatation of the pulmonary artery,
hypertrophy of the right ventricle, right bundle branch block
and a pseudoinfarction pattern on the EGG were frequently
associated.

In contrast, the men in Inuvik, an urbanized centre, main-
tained above normal respiratory function until age 40, and
the FMF and pulmonary artery diameter remained normal
in the older men except for Inuit and white trappers over
60 years old who had run fox trap lines along the Arctic
coast in the 1920s and 30s.
These data suggest that inhalation of extremely cold air

at maximum ventilation may be a prime factor in the chronic
obstructive lung disease of Inuit hunters, whereas smoking
has only a minor role and hospitalization for tuberculosis
appears to protect from rather than contribute to this
disorder.

Des examens spirom6triques, radiologiques et electrocar-
diographiques ont et6 pratiques au cours d'une enqu.te
sur Ia sante communautaire menee entre 1976 et 1978 chez
176 Inuits et autres habitants de longue date du nord-est
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ever, he also noted an unexplained additional progres-
sive decrease in maximal mid-expiratory flow in older
men.

The possibility that one of the antecedents of this
condition was repeated attacks of acute viral respira-
tory tract disease in infancy and early childhood was
raised by Fleshman, Wilson and Cohen,2 who found
a high prevalence of bronchiectasis in Alaskan native
children when the prevalence of tuberculosis had de-
clined. In the Canadian Arctic the increased frequency
of recurrent respiratory tract infections in children
was related to the change in infant feeding from breast
to bottle,3'4 but this could not account for the marked
obstructive lung disease found most often in middle-
aged and elderly Inuit men of the central and eastern
Arctic, where bottle-feeding had spread only during
the previous two decades. Increased diameter of the
pulmonary arteries, right ventricular hypertrophy and
right bundle branch block, all well recognized cardio-
vascular consequences of chronic lung disease, were
also found to be common in elderly men in the central
and eastern Canadian Arctic.5'8
Many Arctic hunters with the typical pulmonary and

cardiovascular features of Eskimo lung relate their
respiratory problems to distinctly remembered epi-
sodes of "freezing the lungs". Although inclined to
dismiss such statements as the result of secondary
event fixing tendencies, we have been impressed that
these features occurred earlier and were more severe in
men who for much of their life had continued to hunt
and travel extensively in winter in the traditional man-
ner, by dogteam, and therefore had to breathe very
cold air while doing heavy physical work or bracing
severe storms.

This impression was lifted above the anecdotal level
when we found that impairment of respiratory function
and related cardiovascular abnormalities were less fre-
quent in Inuit women and those Inuit men who, owing
to long-term employment, did little hunting in the
winter.5'8

Surveys of general health conditions in two Arctic
communities widely differing in lifestyle and in the
degree and duration of acculturation afforded an op-
portunity to accumulate more elaborate data on this
question. This paper presents these data in support of
the hypothesis that breathing very cold air while doing
heavy work contributes to chronic obstructive lung
disease in Inuit men.

Materials and methods

Three general and occupational health surveys were
carried out between 1976 and 1978 at Arctic Bay,
Inuvik and Nanisivik (Fig. 1).

Arctic Bay is an Inuit settlement in northeastern
Baffin Island. In 1976 it had a population of approxi-
mately 360. These people had lived in hunting camps
in the area until the middle and late 1 960s and were
still leading a relatively traditional life, including ex-
tensive travel by dogteamthroughoutthewinter.Inuvik,theregional centre for the Mackenzie delta,

had a total population of approximately 3500 people,
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including some 550 Inuit and 300 Indians and M6tis,
who had lived a rather sedentary life since the town
was built in the mid-1950s. During the preceding two
decades most of the native people had engaged in
muskrat trapping, which involved only limited winter
travel in the relatively storm-protected delta; only
Inuit over 60 years of age and some of the old white
trappers had travelled extensively in the winter along
the stormy Arctic coast seeking Arctic fox in the 1 920s
and 30s.

Nanisivik is a new community based on a lead-zinc
mining operation on Stratheona Sound, 27 km by
road northeast of Arctic Bay. It is populated largely
by white miners and their families from southern
Canada and by a few Inuit miners recruited mainly
from larger settlements in the southeastern Arctic.
At the time of our survey the few Arctic Bay people
who worked at Nanisivik commuted daily from Arctic
Bay.

Subjects

For the general health survey, which is described
elsewhere,4 we examined more than 90% of the Arctic
Bay population and one third of the native and long-
term white residents of Inuvik, selected at random.
In addition, white and Inuit miners were examined in
Nanisivik.

Table I shows the geographic and ethnic origin as
well as the age of 176 men from whom we obtained
spirograms, chest roentgenograms and electrocardio-
grams during the three surveys. Details of past work
and hunting, pulmonary infection, hospitalization for
tuberculosis and smoking were recorded.

Spirometry

Single-breath wedge bellows spirometers were used.
During the initial 1976 survey in Arctic Bay and
Nanisivik we used the small, portable McKesson-
Scott machine (McKesson Appliance Co., Toledo,

FIG. 1-Location of communities in which general and
occupational health surveys were carried out. Interrupted
line indicates Arctic Circle; unlabelled stars indicate
Whitehorse (left), Yellowknife (top centre), Edmonton
(bottom centre) and Churchill (right).



Limited, Buckingham, England), which is larger, was
available. Less than one third of the subjects from
Arctic Bay and Nanisivik underwent spirometry only
with the McKesson-Scott machine. Comparison of the
tracings obtained in 1978 with both types of equip-
ment in 30 subjects revealed no consistent differences
in forced expiratory volume in the first second (FEy1),
forced vital capacity (FVC) or forced mid-expiratory
flow* (FMF). Both machines provided time-volume
tracings from which standard functional measurements
were made.

Tests were performed in all three surveys by the
same personnel. They were repeated until no further
improvement was achieved, then the best curve was
used for calculations. All spirometric readings were
expressed as values at normal body temperature (370C)
and normal barometric pressure (760 mm Hg), with
the air saturated with water vapour (BTPS values), and
:This is the internationally accepted term; previously used
alternatives include maximal mid-expiratory flow or flow rate
(MMF, MMFR or MMEFR) and the average flow during the
middle two quarters of the volume segment of the forced
expiratory spirogram (FEF25.75%).

Table I-Geographic, ethnic and age distribution of 176 men in the
eastern and western Canadian Arctic who underwent pulmonary
function studies in 1976 78

No. of men

Inuit Western Arctic
Age Whites of Inuvik
(yr) NE* SEt Inuit Indian and Nanisivik

16-19 10 1 3 1
20-24 12 3 1 1 4
25-29 21 3 4 0 4
30-39 27 5 1 2 6
40-49 12 1 10 5
50-59 8 6 3 1
60-69 5 2 1 3
70± 1 - 4 2 3

All ages 96 13 31 10 26
*From the northeastern Arctic, mostly the Arctic Bay area.
tFrom the southeastern Arctic, mostly Frobisher Bay and southern
Baff in Island.

Table Il-Spirometric findings in the men: actual measurements*

Mean rL standard deviation (SD)

Age (yr), geographic/ Height FEy1 FVC FEV1/FVC FMF
ethnic group (and no.) (cm) (ml) (ml) (%) (ml/s)

16-19
NE Inuit (10) 163.3 . 6.2 4599 ± 704 5260 803 87.5 ± 4.0 5269 ± 1400
SE Inuit (1) 153 3823 4510 85 3696
Inuvik natives (4) 169.3 ± 3.6 4777 935 5357 ± 935 89.0 4.7 5841 ± 1890

20-24
NE Inuit (12) 165.9 ± 3.5 4459 ± 539 5253 ± 660 85.0 + 3.8 4554 A 810
SE Inuit (3) 165.3 ± 2.6 4632 ± 187 5519 ± 253 84.0 ± 1.0 5544 ± 220
Inuvik natives (2) 173.5 ± 4.9 4516 ± 396 5363 ± 968 85.0 ± 8.5 4708 ± 80
Whites (4) 181.5 ± 4.2 4839 ± 275 5921 ± 363 82.3 ± 7.3 4862 ± 990

25-29
NE Inuit (21) 165.7 ± 4.4 4178 ± 748 5089 ± 814 82.0 ± 8.5 4213 ± 1400
SE Inuit (3) 161.8 ± 2.9 4759 ± 363 5555 ± 440 85.7 3.8 5467 ± 890
Inuvik natives (4) 169.5 ± 6.3 4766 ± 957 5756 ± 1309 85.3 ± 2.5 5390 ± 1570
Whites (4) 179.1 7.3 5308 ± 572 6653 ± 528 80.0 ± 9.0 5335 ± 1500

30-34
NE Inuit (12) 163.8 ± 4.3 3710 803 4730 ± 759 78.0 ± 7.5 3311 ± 1390

35 39
NE Inuit (15) 162.5 ± 4.4 3023 ± 891 4052 ± 1001 74.2 + 9.0 2332 ± 1020

30-39
SE Inuit (5) 164.9 ± 5.0 4378 ± 770 5500 ± 1045 80.6 ± 2.4 4257 ± 670
Inuvik natives (3) 171.3 ± 8.7 4150 ± 825 5508 ± 594 76.0 ± 15.4 4719 ± 2280
Whites (6) 170.1 ± 6.1 3804 ± 473 5234 ± 539 72.8 ± 7.8 3267 ± 280

40 49
NE Inuit (12) 160.3 ± 6.4 2256 ± 836 3406 ± 836 65.1 ± 12.4 1639 ± 1050
SE Inuit (1) 158 3300 4180 80 2651
Inuvik natives (10) 170.5 ± 7.5 3664 ± 539 4687 I: 671 78.3 ± 4.7 3454 ± 1000
Whites (6) 175.5 ± 6.9 3939 ± 385 4998 ± 561 79.2 ± 7.4 3410 ± 1050

50-59
NE Inuit (8) 159.7 ± 5.9 2223 715 3246 1 1089 67.2 ± 6.7 1309 ± 560
Inuvik natives (9) 167.9 ± 4.8 3313 ± 715 4184 ± 781 78.9 ± 4.2 3377 ± 1120
Whites (1) 166 2772 3740 74 2055

60 69
NE Inuit (5) 156.5 ± 5.7 1734 ± 528 2706 ± 506 63.6 ± 15.3 1078 ± 530
Inuvik natives (3) 168.7 + 2.4 3069 A 198 4235 ± 385 72.3 ± 3.5 2343 ± 319
Whites (2) 176.5 ± 5.0 1854 ± 950 3262 :1: 590 55.0 ± 18.4 1059 ± 540

70+
NE Inuit (1) 160 963 2090 46.1 374
Inuvik natives (6) 166.8 ± 5.1 2073 ± 979 3077 ± 1474 67.5 ± 6.5 1322 ± 616
Whites (3) 174.7 ± 9.8 1972 ± 41 2871 ± 70 59.0 ± 4.6 1403 ± 360

*Expressed as values at normal body temperature (370C) and normal barometric pressure (760 mm Hg), with the air saturated with water vapour
(BTPS values). FEy1 forced expiratory volume in the first second; FVC forced vital capacity; FMF - forced mid-expiratory flow.



were compared with the prediction nomogram of BTPS
spirometric values in healthy men derived from Morris,
Koski and Johnson.7

Chest roentgenography

A total of 144 posteroanterior chest roentgenograms
were made at the standard distance of 1.83 m; another
28 films were made at a distance of 1.22 m, so for
these a correction factor of 0.967 was used. The dia-
meter of the descending branch of the right pulmonary
artery was measured and recorded in millimetres. In
15% of the films the descending branch of the left
pulmonary artery was more readily defined and there-
fore measured. No consistent difference was noted
between left and right measurements. In 10% of the
subjects the arteries on both sides were indistinct and
thus unsuitable for measurement.

Electrocardiography

Twelve-lead electrocardiograms (ECGs) were made
with a standard portable machine (Cardiopan Electro-
cardiograph, model 531; Fred Liechti, Berne, Switzer-
land).

Results

The spirometric data for the native and non-native
groups are shown as actual measurements in Table II
and in relation to the height- and age-specific nomo-
gram in Table III. The few Inuvik Indians were in-
cluded with the Inuvik Inuit as their spirometric find-
ings were similar up to 60 years of age.

Table II shows that the FEy1, FVC, FEV1/FVC
and FMF were similar in all the groups of men aged
16 to 24 years despite marked differences in height,
the eastern Arctic Inuit being 5 to 10 cm shorter than
the western Arctic natives and 10 to 15 cm shorter
than the white subjects.

Table III demonstrates that the decrease in ventila-
tory capacities with age was greatest for the FMF,
which fell below expected norms in northeastern Arctic
Inuit men after age 30 but remained normal or above
normal in the Inuit men from the southeastern Arctic
to age 40 and in those from the Mackenzie delta until
age 60. The change in the diameter of the pulmonary
artery appears to reflect very well the course of the
FMF, our single best indicator of respiratory function
impairment in Inuit.

Table Ill Spirometric findings in the men: percentages of expected values* and diameter of pulmonary artery

Mean A:SD

Age (yr), geographic/
ethnic group (and no.)

16-19
NE Inuit (10)
SE Inuit (1)
Inuvik natives (4)

20-24
NE Inuit (12)
SE Inuit (3)
Inuvik natives (2)
Whites (4)

25-29
NE Inuit (21)
SE Inuit (3)
Inuvik natives (4)
Whites (4)

30-34
NE Inuit (12)

35-39
NE Inuit (15)

30-39
SE Inuit (5)
Inuvik natives (3)
Whites (6)

40-49
NE Inuit (12)
SE Inuit (1)
Inuvik natives (10)
Whites (6)

50-59
NE Inuit (8)
Inuvik natives (9)
Whites (1)

60 69
NE Inuit (5)
Inuvik natives (3)
Whites (2)

70±
NE Inuit (1)
Inuvik natives (6)
Whites (3)

% of expected value

FEy1

112.5 ± 13.2
104
111.5 ± 19.6

109.1 ± 11.8
114.0 A: 3.0
104.0 A: 7.1
104.0 ± 8.3

105.4 ± 17.8
126.7 ± 6.1
114.8 ± 17.2
119.5 :± 18.0

100.3 :1: 20.5

84.4 ± 24.9

121.0 ± 16.5
105.7 ± 18.2
98.2 ± 14.4

71.4 A 25.2
107
103.3 ± 17.1
106.2 ± 11.9

79.0 18.2
107.7 A 24.7
89

67.3 A: 18.6
106.0 A: 9.6
59.0 A 28.3

40
88.8 ± 35.4
75.3 A: 11.5

FVC

108.5 ± 13.1
107
104.8 ± 14.4

105.4 ± 10.6
113.0 2.7
101.0 ± 15.6
101.5 ± 7.0

105.6 ± 14.6
122.7 ± 6.7
109.8 ± 13.7
118.8 ± 13.6

103.3 ± 14.0

91.3 21.6

120.4 A 18.8
111.7 A: 3.5
107.3 ± 14.4

85.2 ± 17.2
108
101.1 ± 14.2
101.8 ± 9.9

86.4 21.9
100.1 ± 21.2
89

77.0 A 11.1
103.7 10.0
71.0 A: 11.3

66
84.8 ± 39.0
70.7 ± 8.4

FEV1/FVC

109.2 5.1
106
111.3 ± 5.6

106.1 ± 4.7
105.0 A 1.0
106.5 ± 10.6
103.0 ± 9.0

102.4 ± 10.6
107.0 ± 4.4
106.3 ± 3.3
100.0 ± 11.2

102.9 A: 9.9

97.9 A: 11.9

106.4 A: 3.2
100.0 A: 20.0
96.2 A: 10.3

87.1 A: 16.7
106
104.5 A: 6.3
105.8 A: 9.8

93.0 A: 9.3
108.9 A: 5.2
102

89.8 A: 21.5
102.3 A: 4.5
77.5 A: 26.2

66
96.5 A: 4.9
98.7 A: 6.7

FMF

Pulmonary artery
diameter, mm
(and no. of
subjects)

94.2 A: 16.5
120.0 A: 4.4
97.5 A: 2.1
95.8 A: 17.2

95.8 A: 31.9
127.0 A: 17.8
118.0 A: 29.7
112.5 A: 33.9

79.9 A: 32.9

58.3 A: 26.2

106.8 A: 15.9
112.0 A: 51.1
77.5 A: 20.5

46.4 A: 29.3
76
90.2 A: 24.9
90.3 A: 31.5

43.7 A: 15.8
106.1 A: 32.4
62

39.6 A: 17.5
81.3 A: 12.7
37.5 A: 17.7

15.4
61.8 A: 30.0
61.7 A: 12.3

*Derived from height- and age-specific nomogram of Morris, Koski and Johnson.7
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Table IV-Association of increased pulmonary artery diameter with spirometric, roentgenologic and electrocardiographic abnormalities

Geographic/ethnic group; pulmonary artery diameter (mm)*

Inuit

NE Inuvik natives Whites All groups
SE,

Normal Abnormal normal Normal Abnormal Normal Abnormal Normal Abnormal
Finding (15.0) (18.8) (14.4) (15.2) (18.3) (13.8) (20.0) (14.8) (18.7)

n=54 n=33 n=13 n-26 n=10 n=19 n=1 n=112 n=44
FMF, observed/
expected (%) 94 39 113 102 80 85 50 96 48

Overinflated lungs,
no. (and %) 6 (11) 25(76) 0 (0) 1 (4) 1 (10) 1 (5) 0 (0) 8 (7) 26 (59)

n=46 n=o26 n=9 n=26 n=9 n=19 n=1 n=100 n=36
Axis with
standard leads 660 70. 550 430 390 480 550 550 620

Transition zone of SIR
wave predominance, mean
location in chest leadst 4.34 4.60 3.0 3.32 2.72 3.1 4.0 3.7 4.1

Electrocardiographic
findings, no. of patients

Right bundle branch block
Incomplete 8 13 0 2 1 0 0 10 14
Complete 1 1 0 0 1 2 0 - 3 2
With left hemiblock 0 4 0 0 0 0 0 0 4

Pseudoinfarction pattern 3 3 0 0 0 0 0 3 3
Left and right ventricular
hypertrophy 21 6 0 0 0 0 0 21 6

lschemia or infarction
orboth 0 1 0 2 2 2 1 4 4

*Normal range 9 to 16 mm according to Chang.8
tFor example, the mean location in the white subjects with an abnormal pulmonary artery diameter was the fourth chest lead.



Table V Relation of smoking to FMF and FMF time (FMFT) in Arctic Bay and Inuvik natives and whites

No. of subjects and mean % of expected valuest

Age (yr) and average Arctic Bay
no. of cigarettes Inuit Inuvik natives Whites
smoked per day
for last 10 years* No. FMF FMFT No. FMF FMFT No. FMF FMFT

16-24
0-9 9 95 114 3 88 112 2 110 92
10-14 7 119 98 2 140 77 0 - -
15+ 6 92 106 1 141 85 2 82 123

25-39
0-9 10 99 119 6 121 98 5 99 115
10-14 21 76 154 0 - - 0 - -
15+ 17 74 153 1 81 138 5 84 154

40-59
0-9 5 40 227 9 116 93 5 95 114
10-14 6 29 321 1 117 97 0 - -
15+ 9 59 189 10 78 129 2 65 155

60 70+
0-9 2 18 361 4 66 144 2 61 132
10-14 1 45 177 0 - - 1 48 126
15+ 3 44 211 4 66 134 2 45 192

*For those 16 to 24 years old the average number smoked per day since beginning of regular smoking, at age 14 years in most (period therefore
varying from 3 to 10 years).
IDerived from nomogram of Morris and colleagues.7



Table VI Average temperatures in 1941-70 in the western Arctic
(Aklavik and Tuktoyaktuk)* and in the northeastern Arctic (Arctic
Bay)

Average temperature (0C)

Months of most
extensive sled travel

Weather station Coldest month March April May
Aklavik January -28.6 -22.3 -12.5 -0.4
Tuktoyaktuk February -29.2 -24.9 -16.9 -4.6
Arctic Bay February -31.1 -27.7 -20.4 -7.6
*Aklavik is the geographic and trading centre of the muskrat trappers
of the Mackenzie delta. The average temperatures in Inuvik (located
also in the Mackenzie delta but .6 km east of Aklavik) were almost
identical but were measured for a much shorter period, since the
town was established only in the mid-1950s. The temperatures in
Tuktoyaktuk, 160 km further north, reflect the conditions along the
western Arctic coast to which only the Inuit now over 60 years old
and white trappers of Arctic fox were exposed before they moved
into the delta 30 to 40 years ago.



The unexpected and paradoxic finding that after
age 40 the men in Arctic Bay who were either non-
smokers or light smokers had the worst ventilatory
function is so striking that even with due regard for
the small numbers it deserves discussion. One possible
explanation is that the Arctic residents who have
smoked the most and for the longest are the wage-
earning employees of government and trading agencies,
who have done little or no hunting in winter and
have therefore been exposed less to the cold. Also
possible is that symptoms or medical admonition
caused some older Inuit with chronic bronchitis to
stop smoking or cut down.
The depression of the FMF in these men was greater

than the corresponding lengthening of the FMFT, re-
flecting their moderately depressed FVC (Table III).
This confirms the clinical observation that patients
with typical "Eskimo lung", while predominantly ex-
hibiting features of chronic obstructive lung disease,
also often show features of restrictive lung disease.
Our conclusion is at variance with the prevailing

notion that inhalation of extremely cold air is unlikely
to damage the respiratory tract because the air is
sufficiently warmed and humidified as it passes through
the complex nasopharynx. This notion is based on
experiments in anesthesized dogs alternately inhaling
air at room temperature and -35 0C, which caused
only slight lowering of temperatures in the larynx and
trachea.12 The relevance of these experiments must be
questioned, however, in light of the "frosting" of the
lungs observed in horses severely exercised in extreme
winter conditions in Alaska, the Yukon and northern
parts of the Canadian provinces, and the loss of sled
dogs showing signs of acute lung edema or more in-
sidiously incapacitated with progressive "short-winded-
ness" after having been driven too hard in extremely
cold weather; these observations suggest that during
rapid ventilation there are limits to the protection
afforded by the nasopharynx, which is certainly more
complex and efficient in dogs than in humans.

But more important for us are the recent observa-
tions by Russian investigators in northern Siberia na-
tives and immigrant Russian workers engaged for
longer periods in hard physical work while exposed
to extreme temperatures. These investigators found a
high prevalence of pulmonary hypertension13 and his-
topathologic changes in the terminal pulmonary arteries
and arterioles compatible with an increase in lung
vessel resistance;14 these findings extend our earlier

clinical and physiologic observations in Inuit to other
circumpolar hunters.

We thank the medical services branch of the Department
of National Health and Welfare for providing personnel
and logistic support for this study, and Dr. F.A. Herbert
for critically reviewing the manuscript.
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A word on climate

The Air has an Influence in forming the Languages of Mankind: The
serrated close way of Speaking of Northern Nations, may be owing to
their Reluctance to open their Mouth wide in cold Air, which must make
their Language abound in Consonants; whereas from a contrary Cause,
the inhabitants of warmer Climates opening their Mouths, must form a
softer Language, abounding in vowels.

- John Arbuthnot (1667-1 735),
"A n Essay Concerning the
Effects of Air on Human Bodies",
chap. 6, sect. 20
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