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ABSTRACT

Rigorous lung function prediction equations for the Inuit are lacking. We used spirometry from
351 Inuit and 29 people of other ancestry obtained during an occupational survey in Greenland
to determine how to obtain valid lung function predictions for the Inuit using Global Lung
Function Initiative (GLI) equations for Europeans. Standing height for the Inuit was used in the
predictions as well as their height modified in line with the known differences in standing to
sitting height ratio (SHR) for the Inuit. With recorded height in predicting lung function, mean+SD
Inuit z-scores for FVC and FEV1 were significantly higher than predicted (0.81+1.20 and 0.53+1.36, prediction equations; lung
respectively, p<0.0001) which was not true for the non-Inuit participants (-0.01+1.04 and 0.15 function reference values;
+1.17, respectively). When using height modified for SHR the mean=SD Inuit z-scores for FVC and Race

FEV1 were no longer significantly different from predicted (0.10+£1.10 and -0.12+1.24, respec-

tively). The mean£SD Inuit FEV1/FVC z-scores were not significantly different from the non-Inuit,

being respectively -0.45+0.98 and -0.01+1.04. Modified height changed the mean=SD Inuit FEV1/

FVC z-scores to -0.39+0.99. Representative lung function predictions from GLI equations can be

made for Inuit by using standing height modified for the known differences in SHR between Inuit
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and those of European ancestry

Introduction

The relationship between sex, age and height and the
spirometric indices of forced expiratory volume in the
first second of expiration (FEV1) and forced vital capa-
city (FVC) differs between peoples of different ancestral
backgrounds. It has long been recognised that the FEV1
and FVC in people of African descent appear to be
lower than those of people of similar age and height
who are of European ancestry [1,2]. Hence, separate
reference equations have been derived from American
healthy non-smoking people of African ancestry [3]
(African-Americans) so that patients with these charac-
teristics can have their lung function compared against
an appropriate reference population. For the Inuit, it
has been shown that lung function prediction equa-
tions derived from people of European ancestry give
predicted values that are too low [4,5]. The reason
behind this difference in the relationship between
lung function, age, sex and height for people of differ-
ent ancestry is in part due to differences in the relation
between standing height and thoracic size. Standing
height is used in lung function reference equations to
help take into account differences in thoracic size.

Because the sitting height to standing height ratio
(SHR = sitting height/standing height), also known as
the Cormic index, varies between peoples of different
ancestry [6-11] the relationship between standing
height and lung function is not the same for people
of different ancestry. People who have historically ori-
ginated from close to the equator (e.g. Nigerians) have
a smaller SHR (longer limbs in relation to height) [12,13]
and those originating from colder climates such as at
extremes of latitude (e.g. the Inuit) or altitude (e.g. the
Quichuan people of Peru) have a high SHR (shorter
limbs in relation to height) when compared to those
of European descent [11,14]. This follows Allen’s rule
[15] that homeothermic species adapted to living near
the equator have longer limbs and appendages in order
to facilitate temperature regulation and those adapted
to colder climates have the opposite with shorter limbs
in relation to overall body size to help conserve heat.
We recently undertook a study on lung function in
workers in the seafood industry in Greenland involving
a high proportion of people of Inuit ancestry. We have
used the spirometric data from this study to determine
for the first time how accurately the Global Lung

CONTACT Martin R Miller @ martin@drmiller.uk @ Institute of Applied Birmingham Health Sciences, University of Birmingham, Birmingham UK

© 2022 The Author(s). Published by Informa UK Limited, trading as Taylor & Francis Group.
This is an Open Access article distributed under the terms of the Creative Commons Attribution-NonCommercial License (http://creativecommons.org/licenses/by-nc/4.0/), which
permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.


http://orcid.org/0000-0001-9971-5759
http://www.tandfonline.com
https://crossmark.crossref.org/dialog/?doi=10.1080/22423982.2022.2151158&domain=pdf&date_stamp=2022-12-05

2 (&) B.H.LAUSTSEN ET AL,

Initiative reference equations from people of European
ancestry [16] predicted the lung function for the Inuit.
We then determined if modifying the standing height
in line with the known differences in SHR between the
Inuit and Europeans could improve the lung function
predictions.

Method
Study population

The data for this study arose from a project conducted
from 2016 to 2018 on the west coast of Greenland
investigating possible health effects from working in
the seafood industry. The participants were workers
who were either employed in factories in the major
cities of Greenland or in small settlements, or on four
factory trawlers. All employees were invited to partici-
pate in the study, and 382 employees (approximately
85% of the total) agreed to take part. The study was
approved by The Regional Ethics Committee in Central
Denmark Region (1-16-02-475-16) and The Ethics
Committee for Medical Research in Greenland (2015-
11,317). Written and oral informed consent was
obtained from each participant.

Data collection

Data was collected in 2016-2018 at the workplace of
the participants by a team of doctors specialised in
occupational medicine. A modified version of the
European Community Respiratory Health Survey
(ECRHS) lung function questionnaire [17] was trans-
lated into Danish and Greenlandic. It included ques-
tions regarding ethnicity, work exposures, health,
smoking and diet. Clinical interviews were per-
formed with the aid of native medical students,
who were fluent in Danish and Greenlandic lan-
guage, if the participants were unable to fill in the
questionnaires themselves. Standing height was
measured using a stadiometer. Spirometry was per-
formed using one of two types of spirometers (MIR
Spirobank Il spirometer and Easy-One® NDD Medical
Technologies, Zurich, Switzerland). Lung function
was registered as forced expiratory volume in the
first second of expiration (FEV1) and forced vital
capacity (FVC) as best values from any of at least
three acceptable blows.

Global Lung Function Initiative (GLI) 2012 predic-
tion equations based on data from Europeans were
used as recommended by the American Thoracic
Society and European Respiratory Society recent
statements on lung function interpretation [18].

When obtaining a prediction of lung function height
was first entered as the recorded standing height
(rht). For the Inuit, the height was then secondly
entered as the recorded height having been modified
(mht) for the known sex-specific differences in SHR
between Inuit (SHR = 0.534 and 0.539 for male and
females respectively) [14] and Europeans
(SHR = 0.513 and 0.526 for male and females respec-
tively) [8]. Using standing height to predict lung func-
tion in the Inuit with prediction equations based on
people of European ancestry gives predicted values
for FEV1 and FVC that are too low, because the Inuit
have shorter legs in relation to standing height than
do Europeans, and so their lung function appears to
be supra-normal [4]. We hypothesised that modifying
their height by the ratio of (Inuit-SHR)/(European-
SHR) as below might increase their height appropri-
ately to get a more accurate lung function prediction.

Males: mht = rht x SHR-Inuit/SHR-European = rht
x 0.534/0.513 = rht x 1.0409357

Females: mht = rht x SHR-Inuit/SHR-European = rht
x 0.539/0.526 = rht x 1.0247148

The deviation from the predicted value for FEV1,
FVC and FEV1/FVC were all expressed as z-scores in
accordance with the recent ATS/ERS statement [18].
Z-scores are the number of population standard
deviations a result is away from predicted with nega-
tive values being below predicted. A z-score of
—1.645 approximates to the population 5 percentile,
often used as the lower limit of normal (LLN) [18],
a z-score of zero approximates to the 50™" centile or
median value and a z-score of +1.96 approximates to
the 97.5™" percentile.

All the analysis was undertaken using Stata/SE 17.0
(StataCorp LLC, Texas, USA). Means were compared
using t-test, with unequal variances where appropri-
ate. Proportions were tested by the chi-squared test.
A probability of 0.05 was considered as the level of
significance.

Results

There were 380 of the 382 participants in the study with
complete data of whom 351 were of Inuit descent
(71.5% men) and 29 non-Inuit (79.3% men) comprising
17 from Denmark, 8 from the Faroe Islands, and one
from the Middle East and three participants of other
non-European ancestry. For the GLI equations, these
three participants were coded as “other” and the rest
coded as “white”. The demographic data for the study
participants are shown in Table 1. The Inuit were sig-
nificantly younger than those of European ancestry
(mean + SD 383 * 13.5 years and 49.3 = 11.1 years,



respectively, p < 0.0001) and there were significantly
more Inuit ever-smokers at 90.6% versus 56.8% for non-
Inuit (X*> = 26.1, p < 0.001). The proportion of men
amongst Inuit and those of European ancestry were
not significantly different at 72% and 79%, respectively
(X? =081, p = 0.37). The recorded heights for the Inuit
were significantly shorter than for those of European
ancestry (1.68 + 0.08 m and 1.74 + 0.10 m, respectively,
p < 0.01) but there was no difference between the
heights when the Inuit recorded height was modified
for SHR (1.75 + 0.09, p = 0.92). For BMI, the Inuit were
not significantly different from those of European
ancestry (26.2 + 54 Kg-m™ and 27.5 + 3.9 Kgm™
respectively, p = 0.10) but when BMI was corrected for
SHR the mean Inuit BMI was significantly lower than
that for those of European ancestry (24.4 + 5.1 Kg-m™2,
p < 0.0005). Physician recorded asthma was noted in
8.9% of the Inuit participants, which was not signifi-
cantly different from the 7.1% found in the remaining
participants (p = 0.77, X? test).

For lung function the z-score results are shown in
Table 2. It can be seen that the mean FVC and FEV1
z-scores for the Inuit using GLI with recorded height
were significantly above predicted (0.81 + 1.20 and
0.53 + 1.36, respectively, p < 0.0001), whereas for
those of European ancestry this was not the case
(0.12 £ 091 and 0.15 = 1.17, respectively, p = 0.5).
When using height modified for SHR, the mean change
in Inuit FEV1 z-score was —0.65 (range —1.22 to —0.20)
and the mean Inuit FEV1 z-score was then less than that
of the non-Inuit but was not significantly different from
zero (—0.12 = 1.24, p = 0.08). The mean change in zFVC
by modifying height was —0.71 (range —1.19 to —0.24)
but the mean FVC z-score remained slightly, but not
significantly, above predicted (0.10 + 1.10, p = 0.10)
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matching that of the Europeans (0.12 + 0.91). Figure 1
shows the histograms for FEV1 and FVC for GLI with
and without the height modification. Using a modified
height for deriving z-scores led to data that were closer
to a Gaussian distribution with better centring on
a mean of zero (panels C&D). The same histograms for
FEV1/FVC are shown in Figure 2. Figure 3 shows for the
Inuit that there was no correlation between age and
FEV1 z-score using modified height (r = 0.07) which was
also true for FVC z-score (not shown, r = —0.04).

The mean FEV1/FVC z-score for the Inuit was signifi-
cantly lower than that for those who were not Inuit
(—0.45 + 0.96 and —0.01 + 1.04, respectively, p < 0.03),
which may reflect the higher proportion of smokers
amongst the Inuit. Using modified height changed the
mean FEV1/FVC z-score by only 0.06 (range 0.01 to 0.12)
to —0.39 + 0.99. The proportion of participants with
FEV1/FVC below the lower limit of normal (LLN) using
modified height was 10.0% for the Inuit (n = 35) and
3.5% (n = 1) for the non-Inuit participants, but this
difference was not statistically significant due to small
sample size (p = 0.34, Fisher's exact test). The mean
z-scores for FEV1, FVC and FEV1/FVC for the 8.7% of the
participants with physician diagnosed asthma are
shown in Table 3 and were lower than that found for
those without asthma, both with and without the
height modification for predicting lung function, but
the differences were not significant.

Discussion

We have confirmed that using GLI prediction equations
and recorded height for our Inuit participants gave
predicted values that were too low, making it appear
as if the Inuit have supra-normal lung function [4,5]. We

Table 1. Demographic data for the Inuit and non-Inuit participants.

Inuit n = 351 non-Inuit n = 29
Mean SD Range Mean SD Range
Age years 383 135 16.0 to 65.6 493 11.1 20.0 to 68.1
Recorded Height m 1.68 0.08 1.44 to 1.90 1.74 0.10 1.55 to 1.92
Modified Height m 1.75 0.09 1.48 to 1.98 - - -
BMI Kg:m™ 26.2 5.4 16.8 to 53.8 275 39 17.7 to 34.0
Modified BMI Kg-m™ 244 5.1 15.6 to 49.7 - - -

Table 2. Table of z-score values for FEV1, FVC and FEV1/FVC for the 351 Inuit with recorded height and height modified for SHR and

the 29 non-Inuit participants.

Inuit n = 351 Inuit Modified Ht n = 351 non-Inuit n = 29
Median ~ Mean SD Range Median ~ Mean SD Range Median ~ Mean SD Range
zFEV1 0.56 0.53 1.36 —3.24 to 5.75 -0.07 -0.12 1.24 —3.45 to 4.53 0.35 0.15 1.17 —3.74 to 1.68
zFVC 0.77 081 120 -2.57t05.28 0.06 010 1.0  -2.96 to 4.12 -0.10 012 091 -1.97 to 1.87
zFEV1/FVC -0.34 -0.45 0.98 —3.56 to 2.27 -0.29 -0.39 0.99 —3.53 to 2.36 0.21 —-0.01 1.04 —4.57 to 1.35
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Figure 1. Histograms of the z-scores for FEV1 and FVC for the 351 people of Inuit descent calculated by GLI using recorded height

(panels A & C) and with height modified for SHR (panels B & D).

Figure 2. Histograms of the z-scores for FEV1/FVC for the 351 people of Inuit descent calculated by GLI using recorded height
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Figure 3. Plot of GLI FEV1 z-scores for the 351 Inuit participants
using modified height against age.

have shown that by modifying the recorded height for
the known differences in SHR between European and
the Inuit this discrepancy is removed. Diagnosing or
assessing the severity of pulmonary conditions in the
Inuit would be compromised by using recorded height
and GLI equations and our suggested height modifica-
tion removes this problem. For our Inuit participants,
the FEV1/FVC was significantly below predicted with
and without the height modification, whereas the
FEV1/FVC for those of European or other ancestry was
not significantly different from predicted. This may be
due to the much higher smoking rates among the Inuit
in our study compared to those of European or other
ancestry. The effect of height modification in FEV1/FVC
z-score for the Inuit was very small and is in keeping
with the findings of others that ancestry has a much
lesser effect on FEV1/FVC compared to that for FEV1
and FVC [3].

There has been increased interest in questioning
whether using ancestry-specific prediction equations is
appropriate [19,20]. It has been shown that lower socio-
economic status (SES), as reflected by poorer education
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and lower income, is associated with lower lung func-
tion [21] and the fact that African Americans appear to
have lower spirometric lung function than those of
European ancestry may be due in part to poorer SES.
However, genetic factors have been shown to be the
major reason behind the differences in lung function
between African Americans and people of European
ancestry [22]; the effect of poverty has been estimated
at 2.5% to 7.5% of the difference, with education
accounting for 2.0% to 4.7% and anthropomorphic dif-
ferences accounting for about 35% of the discrepancy
[23]. In Canada, the Inuit have low socio-economic
circumstances compared to Canadians of European
ancestry [24] and yet their lung function appears to
be supra-normal, giving further support to the finding
that genetic influences are more powerful than low SES
in this respect. We do not have any information about
the socio-economic circumstances in our study.
However, as we excluded managers and office workers
and included only participants who were employed in
fishing and seafood processing, the differences in socio-
economic status between participants may be limited.

Although SHR is a factor in explaining the differ-
ences in the relationship between lung function and
height for both African-Americans and the Inuit it is
not necessarily true for all Nations. In children of
Asian origin living in the UK, sitting height did not
account for the smaller lung function in children of
Asian ancestry when compared to children of
European ancestry [25]. It is known that the config-
uration of the thorax is different between men and
women [26] and so it may be that there are also
differences in this respect between people of differ-
ent ancestry. To date, standing height has been used
as the best size indicator so far for assessing lung
function. However, it may be that using other anthro-
pomorphic measurements, such as ulnar length,
which are not affected by obesity in the way that
sitting height can be affected will lead to a better
prediction for lung function in the future.

Table 3. Mean (SD) z-scores for spirometric indices in the 33 participants with physician diagnosed
asthma and the 347 non-asthmatics, together with the mean difference (95% confidence limits)

between those with asthma and non-asthma.

Diff
Asthma Non-Asthma A-NonA
Recorded Ht: ZFEV1 0.07 (1.42) 0.54 (1.34) —0.47 (-0.95 to 0.01)
ZFVC 0.50 (1.23) 0.78 (1.19) —0.28 (-0.71 to 0.15)
zFEV1/FVC -0.67 (1.13 —0.40 (0.97) —0.28 (—0.69 to 0.14)
Modified Ht: ZFEV1 —-0.48 (1.32 —0.07 (1.23) —0.41 (-0.85 to 0.03)
ZFVC -0.12 (1.12 0.12 (1.08) —0.24 (-0.62 to 0.15)
ZFEV1/FVC —-0.62 (1.13 —0.34 (0.98) —0.28 (-0.70 to 0.13)
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We conclude that modifying height according to
differences in SHR may be a valid approach to obtain
improved lung function prediction for peoples of non-
European ancestry where there are no adequate ances-
try-specific prediction equations.

Abbreviations

ECRHS: European Community Respiratory Health Survey;
FEV1: Forced expiratory volume in the first second of
expiration; FVC: Forced vital capacity; GLI: Global Lung
Function Initiative; LLN: Lower limit of normal; SES: Socio-
economic status; SHR: Sitting height divided by standing
height ratio
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