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ABSTRACT

Prediction formulas for static and dynamic spirometry, gas
distribution, static lung mechanics and the transfer test were derived
from measurements in healthy men. The measurements included total Tung
capacity, residual volume, airways resistance, static elastic recoil
pressure of the lung, static compliance, closing volume, slope of the
alveolar plateau (phase 111), flow-volume variables (including mean
transit time) during breathing of air or a helium/oxygen mixture, and
conventional spirometric indices. The results from 146 smokers and 124
never-smokers were evaluated separately and combined. For all lung
function tests a single regression equation was obtained. The prediction
formulas included time-related smoking variables and were valid for both
smokers and never-smokers. For many lung function tests, a nonlinear age
coefficient resulted in a significant reduction in variance compared with
simple linear models. Heavy tobacco smoking influenced most lung function
tests less than ageing from 20 to 70 years, but for airways resistance,
transfer factor and phase III the opposite was found.

INTRODUCTION

In research on occupational factors, which may influence pulmonary
function, many different Tung function tests may be employed in research
of early signs of functional impairment. Confounding factors such as age,
body size and tobacco smoking must be controlled. The present study was
undertaken in order to obtain prediction formulas for several Tung
function tests derived by stepwise multiple regression which included age,
body size and tobacco smoking as dependent variables. Special emphasis was
laid on the effect of aging on pulmonary function since conventional
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Tinear models may lead to anomalous results in elderly subjects.
MATERIAL AND METHODS

Men attending the general health survey in Uppsala were offered
pulmonary function tests at the Department of Clinical Physiology at the
University Hospital, Uppsala. Smokers who had smoked at least five
cigarettes per day during the last five years and never-smokers were
included in about equal proportions. A sampling technique was used in
order to achieve a stratified even distribution of subjects of ages
between 20 and 70 years. A detailed history concerning health and
occupation was obtained through a standardized questionnaire. Only
subjectively healthy subjects with normal chest radiograms and who had
had no significant occupational exposure to noxious dusts or fumes were
included.

The pulmonary function tests have been described in detail elsewhere
(7, 9). Static lung volumes and airways resistance were measured in a
closed type body plethysmograph {Siemens Siregnost FD91S) (23). Vital
capacity, forced expiratory flows after breathing air or a helium/oxygen
mixture and maximal voluntary ventilation were measured in an dry rolling
seal spirometer {(Cardiopulmonary instruments (CPI)} model 220). Mean
transit time and the variance of mean transit time were computed according
to the formulas MIT= 1/VC* t dV and ¥MTT=1/VC* (t-MTT)2 dv (15). The
single-breath nitrogen test (for measurement of closing volume and the
slope of the alveolar plateau) was measured using the CPI model 410B
nitrogen analyzer (1). The transfer factor or diffusing capacity for
carbon monoxide (single-breath test) was measured with a combined infrared
CO analyzer and a thermal conductivity helium cell (CPI model 451). TL(CO)
was calculated according to standard methods (17, 21). Static compliance
and maximal inspiratory lung elastic recoil pressure were measured
according to the method of Milic-Emili et al. (13). The measurement of
lung mechanics was performed in a first series of patients with a slightly
different technique (smaller oesophageal balloons, causing slightly lower
elastic recoil pressure) than in the ensuing series of patients. The
difference between the two series can be expressed as a small parallel
shift of the volume/pressure curve. The elastic recoil pressures obtained
in the first series were corrected by adding 0.52 kPa {the average
difference) before the values were used together with those in the second
series for the statistical analysis. The variables measured, selection
criteria and abbreviations used are shown in Table 1.
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Table 1:
List of abbreviations and selection criteria.

TLC a Total Tung capacity

FRC a Functional residual capacity

RY a Residual volume

FRC/TLC

RV/TLC

Raw b Airways resistance

Gaw/V b Volumic airways conductance

vC c Vital capacity

FvC d Forced vital capacity

FEV1 d Forced expiratory volume in 1 s.

FEV1/VC e

MVV40 f Maximal voluntary ventilation

Fv Flow-volume

PEF d Peak expiratory flow

MEF75 g Maximal expiratory flow at 75% of FVC

MEF50 g Maximal expiratory flow at 50% of FVC

MEF25 g Maximal expiratory flow at 25% of FVC

AREA g Area under expiratory part of flow-volume curve

MTT g Mean transit time

VMTT g Variance of mean transit time

VISOF h Volume of isoflow.

QMEF50 h 100 * (MEF50-He - MEF50)/MEF50

Phase III i Slope of alveolar plateau

'} i Closing volume

cC J Closing capacity

Cv/ve

€c/TLc

Pel(max) k Maximal elastic recoil pressure of the lungs

CR Coefficient of retraction (Pel(max)/TLC)

Cst 1 Static compliance

Cst/v Cst/TLC

TL{CO) m Transfer factor (diffusing capacity for CO,
single breath)

a) Mean of at least three recordings of box- versus alveolar pressures.

Mean of at least three recordings of box pressure versus flow during
near tidal breaths at a breathing frequency of 30 breaths/min.
Highest from at least two VC and three FVC recordings.

Highest from at least three acceptable FV curves.

Highest FEV1/ highest VC even if different curves.

Highest 5 s value during two efforts longer than 10 s at breathing
frequency of 40 breaths/min.

From FV curve with highest sum of FEV1 + FVC.

From an acceptable FY- and FV-He curve after five deep breaths

of 20% oxygen in 80% helium. VISOF = the volume from the end of the
forced expiration where the flows breathing air or helium/oxygen
were equal.

Mean from at least three acceptable recordings.

Mean from calculations of TLC-VC+CV, where CV and VC were measured
at the same curve in at least three acceptable recordings.

Highest from at least three acceptable pressure-volume curves.

Mean of V/ P, where V is 30% of TLC and P is pressure difference
between 50% and 80% of TLC from at least three acceptable static
pressure-volume curves.

Mean values from two measurements.
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For the statistical analysis, stepwise multiple regression with the
statistical package for social sciences, SPSS (14) was used for analysing
data. The results from the lung function tests were taken as dependent
variables and age, body size (height and weight) and tobacco consumption
(intensity and duration) as independent variables. The independent
variables were chosen from a number of combinations and transformations of
these variables following preliminary tests with Pearson and partial
correlation. Guided by the results of these tests, the variables age,
height, weight, the squares of age, different combinations of height and
weight according to Khosla & Lowe (10), Broca”s index (weight/height in cm
- 100), years of tobacco smoking, grams tobacco smoked each day, pack-
years (smoke-years * grams of tobacco per day /20) and products of age
and smoking were included in the multiple regression analysis. Only

Table 2:
Mean values, standard deviations (SD) and ranges of age, height,
weight and smoking variables.

Al Never-smokers Smokers
(n=270) {n=124) (n=146)
Age (years) Mean 44.5 45.3 43.7
SD 13.9 13.8 13.9
Range  20-70 20-70 20-69
Height {cm) Mean 177 176 177
SD 6.6 6.5 6.6
Range 160-136 161-195 160-196
Weight (kg) Mean 76.2 77.7 74.8
SD 10.0 9.4 10.3
Range  55-109 56-105 55-109
Smoke-years Mean : 24.9
SD 12.4
Range 5-55
Gram tobacco Mean 15.1
each day SD 8.6
Range 5-60
Pack-years Mean 17.6
SD ! 12.2
Range 2-77
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statistically significant variables (p value < 0.05) were accepted in the
regression equations. In some equations where age*age was significant, age
was also included due to co-linearity between age and age*age. If several
independent variables showed a closely similar reduction in variance,

the variable chosen was that which resulted in the simplest and most
symmetrical regression equation when compared with the regression
equations obtained from similar Tung function tests.

RESULTS

A total of 270 subjects, 124 never-smokers and 146 smokers, were
investigated. Mean values for age and for anthropometric and tobacco-
consumption data in the different groups are given in Table 2. At least
20 never-smokers and 20 smokers were examined in each age decade. For
technical reasons TL(CO) was measured in only 165 subjects; of these there
were at least 10 never-smokers and 10 smokers in each age group (with the
exception of age groups 20-30 and 40-50 years, where only five measure-
ments of TL{CO) were performed on smokers). MTT, VMTT, VISOF and QMEF50
were measured in 70 persons (38 never-smokers and 32 smokers) evenly
distributed between 40 and 70 years. Recordings of static Tung mechanics
were obtained for 144 subjects (51% smokers) evenly distributed between 20
and 70 years. Mean values, standard deviations, coefficients of variation
and regression equations for all lung function tests are presented in
Table 3.

Age. Age was included in the regression equations of all lung function
variables, but in many variables age*age resulted in a larger reduction in
variance than age alone. The age coefficients obtained when only never-
smokers were analyzed were closely similar to those obtained from the
combined groups.

Size. Height was usually chosen as the index of body size but weight
was chosen in addition to height in the regresssion equations of different
static lung volumes. Other indices of overweight (10) did not result in a
significant reduction of variance compared with height and weight
combined, neither did height squared or cubed.

Tobacco smoking. There were significant differences between never-
smokers and smokers in all lung function tests, except TLC, FRC and static
elastic recoil pressures. As a rule smoke-years was the most significant
variable for smoking and was therefore chosen in the regression equation
but in some lung function tests the variable pack-years was more
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significant and therefore preferred. Mostly only one of the smoking
variables was chosen as the addition of the other did not reduced the
For phase III, however, a combination of smoke-years and

variance.

pack-years resulted in an even larger reduction in variance than smoke-
years or pack-years alone.

Table 4:

Effects of ageing, body size and tobacco smoking on pulmonary
function calculated from the coefficients of the multiple
regression equations in Table 3. The differences in predicted
values using extreme values with regard to age, body size and
tobacco smoking are expressed in percent of the mean value for
each test. The extreme values: Age 20 to 70 years, height 160 to
200 cm, height and weight 160 cm, 90 kg to 200 cm, 65 kg and
smoking 40 cigarettes/day for 50 years.

VARIABLE

TLC

FRC

RV
FRC/TLC
RV/TLC
Raw
Gaw/V
vC

FvC
FEV1
FEV1/VC
MVV40
PEF
MEF75
MEF50
MEF25
AREA
MTT
VMTT
VISOF
QMEF50
Phase III

CC/TLC
Pel(max)
CR

Cst
Cst/V
TL{CO)

EFFECT OF
AGEING

+ 8.
+24.
+63.
+16.
+56.

+12.
-36.

-13.
-16.
-27.
-14.

-28.

- 7.
-16.
-37.
-95.
-32.
+37.
+95.
+40.
+15.
+74.

+69.

+57.
+92.
+47.

-19.
-28.

+56.
+41.,

-32.

PPRPOPRPOQOTONRPWPRARORNOINDOITONOIOCINONFNDNDNWO

EFFECT OF
BODY SIZE

+ 73.2
+140.6
+115.1
+ 69.3
37.8
57.5
54.5
57.1
57.6
51.0
6.8
46.3
36.5
34.8
34.1
46.1
92.9
21.7

+ A+ +

EFFECT OF
SMOKING

e e v 2 s 8 s & & s e s+ s e ® e e e @ « .
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Table 4 illustrates the effects of ageing, body size and tobacco
smoking on the results of the different lung function tests. As a rule,
ageing (defined as from 20 to 70 years) had a greater effect than smoking
(defined as 40 cigarettes/day for 50 years). However, phase III, Raw and
TL(CO) were changed to a proportionally greater extent by smoking than by
ageing.

A comparison with other reference equations is presented in Table 5,
where the lung function test values of our subjects are expressed in per
cent of predicted values using reference equations presented by some other
authors (2-6, 8, 12, 16, 18-20, 22).

Table 5:

Comparison with other prediction formulas. Individual data are
expressed as percentages of predicted values obtained from other
prediction formulas. If the prediction formula was based on
non-smokers, only non-smoking persons in the present material
were used; otherwise the whole reference material was used for
the comparison.

TLC 103(A) 94(D) 94(F)

FRC 116(A) 109(D) 95(F)

RY 103(A) 101(D) 96(F)

Raw 103(F)

Gaw/V 119(F)

Ve 107(A) 99(C)

FEV1 104(A) 101(C) 96(F) 100(K)
FEV1/vVC 97{A) 101{C) 94(F) 100(K)
MVV40 109(E)

PEF 106(A) 105(G) 93(F)

MEF75 99(A) 95(G)

MEF50 88(A) 78(6) 80(F) 95(1)
MEF25 77(A) 62(G) 91{F) 89(1)
Phase III 166(B) 96(H) 80(K)

cv/ve 142(B) 99(H) 81(K)

CC/TLC 127(B) 98(H)

TL(CO) 93(A) 95(J) 97(F)

(A) Summary equations from Quanjer, 1983 (16)

(B) Knudson et al., 1977 (11) (C) Berglund et al., 1963 (2)
{D) Grimby & Soderholm, 1963 (8) {E) Birath et al., 1963 (3)

(F) viljanen et al., 1981 {20,22) (G) Cherniack & Raber, 1973 (6)
{H) Buist & Ross, 1973 (4,5) {I) Knudson et al., 1983 (12)
(J) van Ganse et al., 1975 (19) (K) Sixt et al., 1984 (18)
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DISCUSSION.

Only subjectively healthy subjects with a normal history ,normal
clinical findings and a normal chest radiogram were accepted for inclusion
in the study. Thus the average effects of tobacco smoking on pulmonary
function were probably underestimated, since many subjects who had
developed obvious chronic lung disease as a result of tobacco smoking did
not come to the general health survey because they were already under
treatment. Other smokers may have come to the survey but were excluded
from our investigation because they had accquied radiographic lung
changes. Persistent cough and sputum production were not disqualifying
factors, however. The selection mechanisms may therefore have had an
effect somewhat similar to the "healthy worker effect" observed in
industry.

A great effort was made to obtain valid coefficients, first by
screening a large number of variables, then by stepwise multiple
regression, using different transformations of variables to test
linearity, etc. Airways resistance and conductance had a markedly
skewed distribution but logarithmic transformation resulted in a
nearly normal distribution.

One issue of special concern was the possibility that the pooling of
smokers and never-smokers may result in average regression coefficients
which are not valid for either of the categories. We therefore compared
the age, height and weight coefficients derived from never-smokers alone,
from smokers alone and from the pooled groups. Both the age coefficients
and the body size coefficients derived from smokers, never-smokers and
from the pooled groups were, however, closely similar (no statistically
significant differences). This is not surprising with regard to height and
weight but since the effects of tobacco smoking are probably influenced by
the duration of smoking, the age coefficients might have differed between
the groups. The absence of differences in age coefficients is probably
explained by the fact that the regression procedure resulted in the choice
of a tobacco smoking index which included duration of smoking. The
standard errors of the regression equations for never-smokers were not
smaller than for the pooled groups. These observations make it possible to
present one reference equation, valid for both smokers and never-smokers,
for each lung function variable.

The composition of the material was controlled in order to permit
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accurate determination of the coefficients of age and tobacco smoking. ATl
variables were influenced by ageing, and in many variables a significantly
larger reduction in variance was observed with age*age than with age
alone.

The distribution of body size was, however, approximately normal, which
means that the coefficients of height and weight were determined with less
accuracy. Overweight reduced static lung volumes as expected. Several
indices of gverweight were tested but were not superior to the combination
of height and weight in reducing the residual variance of the regression
equations.

Differences in material, methods and selection criteria may explain the
rather marked differences commonly observed in comparisons of regression
equations from different studies. Thus when studying environmental
influences on pulmonary function, it is desirable to use control subjects
which are tested by the same staff, on the same equipment and during the
same time period as the study subjects. Regression equations are therefore
necessary for correcting for differences in age, size and smoking habits
between cases and controls. They are, of course, also useful in routine
spirometry, provided that the methods and algorithms are identical. For
the latter purpose no correction for smoking habits is used, since in our
opinion the patient results should be compared with "normal values" rather
than with "abnormal values" obtained in a combined group of smokers and
never-smokers.
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