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SUW aY:

The studies were conducted originally aiming to invest-
igate the effects of air pollution among Japanese civilian
population. The pulmonary function studies and the clinical
observation on the Japanese population in Tokyo-Yokohama
area were included.

a•hThe pulmonary function studies included:
a.the assessment of the spirometry and the mechanics of
breathing repeatedly done on the limited population.

b.the baseline studies on the routine pulmonary function
S~tests.

c.some fundamental observations of the airway resistance,
the AaD and of CO pulmonary diffusing capacity on the cases
of normal healthy as well as of chroric pulmonary diseases.

d.effects of bronchodilator and of cigarette smoking on
the ventilatory capacity and on the alveolar gas exchange.

The year-round clinical observations were performed
on the population with regard to the incidence of
bronchitics and the correlation of this incidence with the
cigarette smoking habit.

In conclusion we were Rble to establish the diagnostic
criteria for the pulmonary function studies to be done on
Japanese population. We were also able to emphasize the
physiological significance of AaD, especially of tie
arterial(or urinary)alveolar nitroSen tension dlff.rence,
to cval1Uh e the impaired alveolar gas exchange due to air
pollution Lronchicis.

On the clinical observation we observed significantly
higher incidence of bronchitic patients during the
winter season. We were not able to confirm the relation
of this higher Incidence with the cigarette smoking habit.

(Ill)



TABLE OF CONTENT3:

TITLE PAGE...., ............... .. .

THE LIST OF PARTICIPANTS................. ii
SUM1'O.. RY..OO ...O.......'.'.......,'...''.. ' i

TABLE OF CONTENTS................,0000* *... iv
LIST OF TABLES AND FIGURES.................. vi

1.PURPOSE OF THE STUDY..........,........., 1
2.REPRODUCIBILITY OF THE SPIROGRAPHIC TESTS. 2

a.PURPOSE OF THE STUDY,................... 2
b. METHODS AND SUBJECTS....... .......... •. 2
c.RESULTS.................................. 6
d.CONCLUSIVE COMMENTS...o................... 17

3. THE PULMONARY FUNCTION SURVEY ON THE
UNLIMITED POPULATION OF JAPANESE CIVILIAN... 17

a.PURPOSE OF THE STUDY. ................... 17
b.METHODS.....* ,..*.,...........,.,.ooooo.. 18
c.SUBJECTS*.. ... *....*........... ..00 0* 6 . 18
d.RESULTS AND TREATMENT OF THE DATA........ 18
(1) CORRELATION WITH VARIOUS FACTORS AND

THE REGRESSION EQUATIONS FOR THE
MATHEMATICAL MEAN ...... o ........... ... 18

(2) FEV1. 0 /PREDICTED VITAL CAPACITY%%)..o. 27
(3) IMPAIRED VENTILATORY FUNCTIONS AT

VARIOUS AGE GROUPS..................o. 28
(4) FOLLOW-UP STUDIES.......a............* 34

e.CONCLUSION........ ...... ........... •00•6. 0 36
4. STUDIES ON THE AIRWAI. RESISTANCE...,..... 36

aPURPOSE FOR THE STUDY........,........... 36
b.SUBJECTS.. . .. ,. . .. ....... ,. 37Sc,*METHODS,. . .... ... .. . .. . .. . -.. .* . . . -. .... . 39

d.3ESULTS.. . ... ,.*, *. . . . . . ....• .. ..... . 40
(1) AIRWAY RESISTA±TNCE ON 118 MALE SUBJECTS.40
(2) NORMAL LIMIT FOR THE AIRWAY

RESISTANCE ............. oo.... . ...... ....
(3) FENlF% VS.AIRWAY RESISTANCE.............. 44
(4) DATA OBTAINTED ON THE FEMALE SUBJEC.T..•44S. CON£'IDERATION.. ... ..0.............. 666 06

(1) CRITERIA FOR THE NORMAL HEALTHY........50
(2) NORMAL VALUE FOR TIT, AIRWAY PESICTkNCE.50
(3) VALUES AT VARIOUS AGES.., ............ 52
(4) RawXVtg. ...... ........ 0... 0......6......

T5. THE DIAZNGSTIC SIGNIFICANCE. ........... 5 4

(IV)



5.SUIS0- H ARTERIAL(OR URINARY)

(2) COLCINOF URINARY SPECIXEN.o~........56

o. RESUTLTS. e.g......0 * 90* 0 90 00 *ggg 0 ge 0 *0.00:

£ a PURPOSE; OF THE, STUDY........................59
b .PTHODS AlND M4ATERIIALS. .. .. . ... . o....* a0 .. *.0a 5 9
c .RESULTS . *...,..0 * 00 r e~~. 0 0e.Oa.. 0 B.994 * 0 a 0 6 0 6o
7.EPECT OF T3RCNCHODILATOR ON ARTERIAL-ALVEOLAR
NITR(GFN TFIfSION DIFFERENCE3..~...............68
a.PuRPOSE OF THE STUJDY. ........... ge.... o.:::::.68
b.METHODS !JT cLBJECTS. g g gege g igoeggegg *go oo68

8.EE'FECTS CF CIGARETT'E SMOKING UPON THE VENTILATORY
CAPAITYANT) THE ALVEOLAR GAS EXCHIANGE..........70
*.PURPOSE. see. g g eg... C * *gg . 66.0g. g 6 Caeg .70
b. MTHIODS AND SUBJECTS. *...o. se* oe . eog. g..g70

c.RESULTS FOR TH3 IMMEDIATE EFFIECTIS..oo.o....o7l

W iSPIROGRjAPHY. 
ooo..e...~.g~geo*71

AIRWSAY ....., e.e~c~eeeg7
4

e.REULTSOF TFE LONJG TERM CIGARETTE SMOKING 0. 74
9. CLIN~ICAL CBSERVATTI~fT ON THE INCIDENCE OF
AIRWAYIRTrIO.co........e.*.a*.e.ca.e*7
a.PURPOSE OE TI!T STUTDY. .... e oooC *e~o* 66*C86675

b.METHODS A1,D fl1ATEYMIALS FOR THE 03SERVATION ... 75
c.RESUTLTS 01 lr03SERiATION.ce..o .... .ooo g*79

10. THE FINAL. COMiMENrl... .... .. .ec .6C~ .CC . . .o. ao85
11:. ACKNOWT.Ei)GMEfIrT ee e.eae8

'.2 LITERATURIE `Ilr;D. .... ... @c. e o,...... .**,o***87

AkI



LISTS OF ILLUSTRATIONS AND TABLES$

Fig.lo the frequency distribution of the vital capacity
on 600 spirography....................................7
Fig.2. the frequency distribution of FEV1% on 600
a plrography .... aaa a......... 0 4...........a .....a .............. 9 a 00 07
Fig,3. the frequency distribution of FEV1 on 600

Fig.4. the frequency distribution of MMF in 600 spiro-
graa y ahy a ............................ a......... a 00 9 0 0 a0 .. ..& ..... 8 00 9

Fig.5.the frequency distribution of MVV on 600spirography. . .. . . . . . .. . .. ........... .. ***********0.10

Fig.6.95% confidence intervals for vital capacity ...... 12
Fig,7.95% confidence Intervals for FEV1.0....*..... .. 12
Fig.8.95% confidence intervals for FEV1%..............13
Fig,9.95% confidense intervals for M F.................13
Fig.1O. 95% confidence interual3 for KVV............... 1 4
Fig.ll.confidence intervals on % deviation.............16
Fig.12.confidfance intervals on % deviation.............16
Fig.13,vital cpopacity and age.......... .22
Fig.14.FEV1 ard age.................................22
Fig.15.MVV alk a..................,....... 23
Fig.16.MMF and &6e............ ........... ovo...0.. 23
Fig.17.% vital capacity and age.......................2 4

Fig.18. RV/TLC *X and e
Fig.19. FEVi% anýd age................ .. ***00...........25
Fig.20 %MVV and age ........
Fig.21. classification of thp impaired ventilatory
capacity..... . . ..... . ..... ...... .26
Fig.22.iso-FEVl/pred.VC curves drawn on the %VC-FEV1%

Fig.23.ventilatory functions in 2423 volunteer Japanese
subjects.. ,. .. , . . . . . .. . . . . . . . . .o. . 2

Fig.24,ventilatory functions in 2423 Japanese volunteersubjects. ....... ... .. .. 0009. 4 09 .0. 0... , , . . ,.....90000 .29
Fig.25.1ncldence of ventilatory impairment among 2423
volunteer Japanese suLJects .0

Fig.26.1ncidence of subjects with %VC of 80% or less
among healthy population......................... .... .32
Fig.27.incidence of subjects with FEVI% of 70% or
lower in the healthy population........ ....... ........ 32

(vif)

I



4IP
Fig.28.incidence of ventilatory Impairment among the male
subjects of various ages........................ ,33
Fig.29.oorrelation of airway resistance with thoracic
gas VOl o oe oo.. o.o...........o..... o.
Fig.30.oorrelation of airway resistance with FEVl%....43
Fig.31 correlation of RwXVtg with FVT ..........945
P'ig.32,airway &vnamios in oases with normal FZVi%.....I46
Fig.30 5.fl"I in cases with normal airway resistance... 47
Fig. 34,airway dynamics in oases with normal FEVl%.... 49
Fig.35., arterial-alveolar nitrogen tension difference658
F16i.36. AaD02 on 20% and 40% 02 levels................58
Pig.37.triple atD and alveolar gas exchange........., 61
Pig.38.AaDO2 on 20% 02 level vs.AaDC2 on *0% 02 level.61
Fig.39.pulmonary diffusing capacity vs.AaD02
on room air level.o.................................63

SFi .40.pulmonary diffusing capacity vs.AaD02 on
9u0 02 le.......................... ............. 63

Fig.41. arterial-alveolar nitrogen tension
difference vs.FEVI%.................................65
Fig.42.aADN2 vs.pulmrnary diffusing capacity..........65
Fig i43aAD!.N2 vs.AaD02 on,20% 02 level ........ s......67

.Fi4..aADN2 vs.AaD02 on 40% 02 level................"67
Fig 45. effect of bronchodilator upon uADN2 as
well as upon FM% ......
Fig.46. effect of cigarette amoking upon airwaySresistance... e... 0*.. .. .... . .73
Fig.47. Incidence of bronchitis(acute) in a semi-govern-
mental firm located in the Downtown Tokyo.... eeese..82

Table 1. the subjects for the study...................4
Table 2 the effects of sleeping on the spirographic

Sdata...~e ~~cg0006~C~~0*..... ~.

Table 3.the spirographic changes before and after eating
SOOaO.. O0.000.O 4 . o OOOOeg 0 .c .g . Oc.g. g a oeo e.oO..O oeee ..* 5

Table 4. the standard deviatlon of the spirographic
data collected on the limited pcpulatiorA6 of subjects.5
Table 5.95% confidence Intervals calculated on 10
repeated testa on eac? 12 students..................,.lO
Table 6.95% confidence intervals calculated on 100
spirograms on each 6 doctors..........................ll
Table 7.95% confidence intervals calculated on chest
patients. ...... cc........,.. * ....... c cc* 04 9 * S .. ]
Table 8. 95% tonfidence intervals for the mean calculated
on six doctors................. ............. I 4

Table 9 95% confident4 lntarvals for the mean calculated
or. 12 medical students.............. .... .. c..........15

Table 10 95% confidence intervals for % devation
calculated on six medical doctors..........c..... 15

(vill)

I

an unmnI•mmm •mu numu t



Table 11. subjects for the study....,.......0......,. 19

Table 12.factors influenced upon VC and FEVI%... Z
oeoo........oe...e... *o.eoooo.. .o a co.ooee * ... e...19

Table 13.ventllatory functions of Japanese of
various ages..................................e.. .21
Table 14.correlation coefficients of ventilatory
functions with age...... ......... .. ,, .0.. .31
Table 15. ventilatory changes 7er age.............,..31
Table 16. annual ve' Ailatory changes(1),..,..........35
Table 17. armual ventilatory changesi2) .......... •....35
TNble 18. subjects for the study .................. 3
Table 19. some basic data obtained...........,....... 4 1
Table 20. mean and standard deviation for
female subjects, ....... ,....,,o.....,......,........48
Table 21. reported airway resistance in normal healthy

. . . . . ,, 0 0 0 .0 . . . . .6 o0 .0 0 6 0. o . .0 , 0 5 1

Table 22. airway dynamics in normal adults...,.......53
Table 23. effects of cigarette smoking(l).....o.......7 2

Table 24. effects of cigarette smoking(2)............7 2

Table 25. effects of cigarette smoking on the
ventilatory capacity.*... .6... ...OO ... *...,......,...73
Table 26. subjects for the study..,...................76
Table 27. effects of long-term cigarette smoking
on %VC.............
Table 28 incidence of bronchitis and cigarette
smoking (1)0.... .... ******., *. ..... .. *...o* .
Table 29. incidence of bronchitis and cigarette smoking(7)............. a0S................,..,...... ... C. G....77

Table 30. incidence of bronchiti' in a bank located
in Downtown Tokyo..... ......... ...................... 78
Table 31 da1ly fluctuation of the incidence of
brcnichitis on the bank-population............,...0.0.80
Table 32. classification cf patients in the chest
clinic of the Kelo UI.Aversity Hospital,Tokyo,Japan....84
Ttble 33. comparison of the annual ventilatory
changes of the chest pattents with those of the
normal healthy..,,..... ... ..... ......... . 0... 87
Table 34,annuai ventilatory char.6s represented as the
standard Japanese subject . .... ................. 87
Table 35. ventilatory functlos among 338 cases with
chronic bronchltis..s.......... ...... .,...,0,..0.0 ,.0.88

(lx)



4.PUmPOSE OF THE STUDY:

Since Col.Eueber et al. described the sudden endemic
incidence of the asthmatic episode among U.S.military
personnel stationed in Yokohama area,Japan in 1954 the
attention was focused upon these clinical symptoms of
nocturnal dyspneA with wheezing as well as their pulmonary
function impairment. Observation on the pulmonary
physiology was continued at the U.S.Army Hospital at Zama,
Kanagawa,Japan. Some epidemiological analysis was also
done in parallel to the clinical- and the experimental
observations. But many Japanese chest physicians did not
even interested upon this kind of asthmatic patients among
Japanese inhabitants living In this air-polluted rokyo-
Yokohama area. The chest physicians did not noticed or
they were rather Suspicious on the existence of this
peculiar chest diseases.

Continuous clinical investigations were done by
the U.S.Army Medical Corps on this particular diseases for
years and the etiology of this peculiar symptoms was
assumed to be the air pollution in this Tokyo-Yokohama
areaJapan. Recently the incidence of this peculiar
disease decreased year-by-year and any acceptable
explanations on this decreased incidence is not yet given
definitely.

In the recent few years the clinical Interests on the
airoorne pulmonary diseases among Japanese Inhabitants were
stimulated and also the Incidence of airborne bronclitis in
this Tokyo-Yokohama area was reported to be increased.

This present study was originally planned to make
intensive analysis on the clinical respiratory physiology
among Japanese population in Tokyo-Yokohama area to allow
one making comparison of the effects of air-pollution
between the American- and the Japanese populations.

The problems we were concerned with were: 1) to conduct
the baseline studies of pulmonary functions on the Japanese
population, 2) to establish the most appropriate method
for evaluating the pulmonary function impairment due to
air pollution, 3) to make any year-round clinical observations

upon the limited population of Japanese inhabitants and 4)
to make it clear whether or not the patients, who reveals
similar symptoms with Tokyo-Yokohama asthma seen among
U.S.military personnel, are really existed in the Japanese
civilian population.

(1)
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rhe so-called diffuse obstructive pulmonary diseases
may be characterized by the clinical findings as well asIts spirographic changes accompanied by the depressed

i ~ FEVI%. we were rather suspicious on the physiological
appropriateness to take FK#I% as a parameter to detectthe airway obstruction seen In cases with airborne
bronchitis.We rere also inytherested in the low arterial 02 satura-

tion observed by Lt.Col.Pnelps(retired) on this particular

patients with Tokyo-Yokohama asthma. This low a-rterial 02 1saturation suggested us the increased venous ad..pl-ture-like

effects probably due to the uneven ventilation-pe:---'usicn
ratio dlqtributton. The fact sug;gested uF making newapproach to e aluate the Impaired respiratory physiology
In the airburne pulmonary diseases with the measurements

.. of arterial(or urinary) alveolar nitrogen tension difference.

The present paper Is consisted of three major parts,
namely(l) studies to establish any sensitive,rellable
methods for detecting the pulmonary function Impairment
due to the airborne pulmonary diseases, (2) some baseline

studies on the routine pulmonary functions in Japanese
civilian population, and (3) some clinical observations on
the Japanese civilian population in the sir-polluted area
of Tokyo and Yokohama.

2. REPRODUCIBILITY OF THE SPIROGRAPHIC TESTS:

aPURPOSE OF THE STUDY:

"For the diagnostic purposes it is necessary to establish
"the normal limits on every parameters of the lung volumes and
of the ventilatory capacity. The statistically obtained
rejection limit was considered rather essential than the
mathematical mean of the data on the normal healthy for the
diagnostic purposes. Many investigators have already given
various regression equations for the mathematical mean
for the normal healthy. But very few has referred to the
statistically treated data for the resection limits of normal
values. We have done some statistical analysis through
the two different approaches. One of them was to make
spirograDhy repeatedly on the limited cooperative
subjects and the other appraoch was done by making spiro-
graphy upon the unlimited population of "healthy"subjects.

b.METH0DS AND SUBJECTS:
The experiments were performed to examine the reprodu-

(2)
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• cibllity of the routine spirography repeatedly performed on

the limited subjects. The spirography was done on ýhe
cooperative volunteers on th-e standing posItion with the
resplrameter of 13.5L Benedilct-Roth type.

4z for the subjects six medical doctors) w•ho have
enough experience in the pulmonary function tests, 12
medical students and 12 cooperative patients accompanied
by chronic diffuse pulmonary diseases(Table 1). Except
for the doctors served as the subjects they were not Informed
on the purpose of the experiments.

S~On the doctors ten repeated spirography was performed
Swith intervals, which were assumed sufficient to

S~recover from the preceeding spirography, in one day and the
• same tests were continued on every successive six days.

S• On every medical students ten spirography was repeated in

one day and on every chest patients five spirography were
made successively with sufficient intervals, Thus 600
spirograms were taken on the six doctors120 on the twelve

medical students and 60 on the twelve chest patients.

The parameter3 were represented by percentage for
the corresponedffuse ted values if it Is necessary.
for the omatical mean were calculated to compare
the spirographo c parameters regardless with the difference
of each individual difference in the physical
rconstitution.

SSome preliminary tests were made. The effect of varsous
factors or conditions on the spirography s preliminarily
ostudied. The sporography was done 30 minutes and one
hour after meal as well as prior to eat. The vital capacity6
FEVsi and MVV were shown in table 2 Indicating the temporary

decrease In vital capacity. This decrease In vital capacityseemed consistent although this decrease was only approxtma-

S~tely 200 ml. This decrease in vital capacity was observedIn every five Independent observations. Either FEVl% or
tMVV did not changed significantly.

SThe vital capacity is said to decrease during sleeping
and this change was explained by the probable formation
of collapsed alveoli. We have measured the spirographic
characteristics right after waked up and after daily
activities. The subjects were requested neitfher to take
any deep breath nor to make any thigh before the spprogram
was taken early In the morningt By comparing thuse couples
of sperographic data l e found slight decrease in vital

seme cnsstntathug tisderes ws nl aprxia

tely200ml. hisdeceasein italcapcit wasobsrve



SUBJECTS

group of wroemohy rnmb 1

_ _ W OO SUS r Q phy
W: Tdoctrs j 1oo sjo 600 o

stujmt, 10 12 1 120
PT: patients 51 2 60

Table l. The subJeots for t;he stuly

EFFECTS OF SLEEPING

right oafter after
awafening daily activities

VC (L) 3.84 3.99

FEV1 % 9 5.1 94.3

MVV(L/min) 1 59 1 7 0

SUBJECT K.N.

Table 2. The effeots of sleeping on the
apirographic data

(J•)



S~ EFFECTS OF EATING
30I mi. after I hr of tr

V C (.L 3.82 4 .o-Fy E-JV-9--- --.'',

-M V V (Lm6t 1 f 2 1 5 2 1 6

SUBJECT: K, N,

r

Table 3o The apirographle ohanges before and
after eating.

STANDARD DEVIATON

doctors studentsI patients

no.f tests n--600 n n120 n=60

V C 2.30 2.- Z2 6.4 5

F EVi 2.29 3.04 5.42

FEV,% 2.35 2.98 6.74f

M M F 5-76 r 645 0.91

MVV 7.2i 911

Table 4. Thm .tand•rd deviation or the
spirographic data oollectqcd on the
hllmted n)opuiattonq or subjecti.

(5)
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capacity right after sleeping although it waTes not statisti-
cally consistent. The effects of cigarette-smoking will
be discussed elsewhere. Thus we asked the subjects
neither to smoke cigarettes nor to eat ab least 30
minutes prior to the tests. We also avoided to make tests
early in the morning and asked the subjects to take deep
breath prior to the spirography.

c.RESULTS:

Taking percent deviation from tho ±nathematicLl mean

the frequency distribution curves were drawn on vital capa-
city,FVl,FEVI%,M4F and on MV(Figires 1,213,L.and 5).
These frequency distribution for each paraineters revealed
normal distribution with the standard deviatiton of various
dimensions. The vital canacity,,E1l ard FZ,) demonstrated
distribution accompanied by any smaller standard deviation
while MY1,T and MVW had larger standard devIations. in
Table 4 we have summarized the standard doeviaticns on
these five parameters obtained on these three differert
groups of subjects. Basing upon these data obtained
on the repeated spirography the statistical. analysis
enabled us to calculate the 95% confidence interval for
the mean on each parameters.

Ten repeated spirographý6"Oas don3 oi tChe 1? healthy
volunteer medical students, who were suffirlently
cooperative but not experienced in the tests, with suffici-
ent intervals of five to ten minutes.

We have picked up at-randomly the• three, five or ten
spirograms taken on each strdents to calculate the 95%
confidence intervals for the mean.

4,

In the Table 5 these confidence Intervals on vital
capF-.city,FEV1,FVl%,M- and MVV were i>.dicated.
Numbers of tests referred to in the table dlesignates the
numbers of spirograms picked up out of a set of ten
spirograms taken successively on an subject. The 9,%
confidence interval was significan,;.y szmaJllr wýhen the
numbers of spirograms were increased. :hr the- spiro-
g•.aphy was repeated less than three 1'iLed the confidence
interval came out apprec-iably large. As cane cani expect
from the standard deviation already rta2errt-d to. t}he-• 95%
confidence intervals for vital capacityFEVI and FFVIl3
were consistently smaller tnan those for 4iMF and --' .

The same stZlttstieal analyS1i wFa portor!, 1 on

(6)



4

FREQUENCY DISTRIDUk=N ON %.DEVI1ATION

� � MAL CAMCITY na 600

a•

: ~ ~~-ID -S : 0 • •I I

per-ent deviation

?ig.1. The frequenoy distribution of the vltal
capaolty on 600 spirogmrphy.

FREQUENCY DISTRIBUTION ON %/.DFVATION

lSO

FEVI. nr600

a

00ii

S-tO -5 a 0 a 5 10%

percent deviation

?lg.2. The trequenoy distribution of PIVl$
on 600 spirogaphy.
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FREQUENCY DISTIIfOMN ON %DEVW•

FEi

0

-t0 -$ .• 3 0"

percent Eevia0 ion

Fig,3. The frequency distributioon of F3I'7.
on 600 aplrography.

FREUENCY DISTMWUTIO ON %OEWATMN

MMF

* na 600
a

o-

E
r"

to So '0

percent deviation

Fig.4. The frequenoy distribution of MN
on 600 spirography.
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groups of the medical doctors and of the chest patients. 5
Data obtained were summarized in Tables 6and 7. One can
compare the 95% conftdence interval calculated on the same
numbers of spirorams on three different groups of
independent subjects. The best reproducibility for every
parameters was obtained on the group of experienced medical
doctors while the most poor results were obtained on the
group of chest patients(Figs.6,7,8,9 and 10). This
suggested us the contribution of either the subjects'
technical skill or their cooperation to be related to
the results. The difference of the 95% confidence
intervals for the mean obtained on the doctors with those
on the chest patients was significant with regard to most
of the parameters except for the vital capacity. The diff-
erence in the 95% confidence Intervals for every parameters
was not consistent enough between the medical doctors and
the medical students.

For the convenience's sake this 95% confidence intervals
,vhich were previously represented by the percentage for
the meanwere converted into the equivalent real figures,
which may appear or. the average Japanese young 9ýdult with
the standard physical constitution(Tables8 and 9).
In practice it would be much helpful to realize the dimen-
sions of the reproducibility by representing the 95% confi-
dence intervals on the real figures rather than on the
percentage. Out of 600 spirograms obtained on each six
doctors or out of 120 spirograms on twelve medical students
three, five or ten sp.rogrars were pichc' up at random
to calculate uhe 95% confidence intervrls on the correspond-
ing groups of the Ppirogram. In those t.ables were shon'M
the mean of these 95% confidence iut•rwd•, which of
course revealed the same tendency as being found in the
percent deviation on these parameters.

The 95g confidence intervals calculated on the at-
randomly selected spirograms were shown. 7.,hen tha. numbers
of spirograms Ivoreased one can expect the 95% confidence
intervals become smaller. The vital capacity and the FEV1
on the at-randomly -elected three splrogramn revealed
the confidence intervals of approximately 300 ml. These
confidence intervals decreased to approximately 120 ml
when we took tovn spiro.grams. Or. FEVl1. 95% confidence
Interval:- wAs fouInd 6.3% for three spirograms, 3.2, for
five nri:'oirams "nd 1.5" for ten -plregrams. The 95%
confidence Tn t ervals for MMF and M•V revealed larger
valucs a,-. compared with those for other parameters.

(9)
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!NOEM D15TRIPJIION ON %OEVIm, TON

MVV
a* rw,@00

IICA

10 0i

E

perceWt devation

P1.5•. The frequency distribution of MVW
on 600 spirography.

95/1* CONFIDENCE INTERVALS ON "/1JETK)N

10REPEATED TESIS ON EACH 12 STUDENTS

no ~ ' otthr3 nu r 10
V C 14,,? 6.! 3.4,

F EV, 17.6 8.8 4.0
F F Iv 15.2 7.8 3.5

- M F 31 7 15.21 9.2

mvv 3• 18.0 101

Table 5. 95% oonft',1pnce intervalm otleul.at#,1
on 10 repeated tpat, on 9arch 1? stud;,%te.
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96% CONFIDENCE INTERVALS O#M 1.OEWI

RANDOM I 5IEifROM 100 TESTS
ON EACH 6 DOORS

S.of tami n"3'L n s J nIO
VC 7.5 4.4 F 3 . 3

F EAV 7.9 4.6 2.--

F E V1% 9v 2 6.0 5.0

U X U F 27.2 11.2 7.6

26.7 16.6 8.6

ITble 6. 93% contfidence Intervals oalcul&t•d
an 100 splropams on eaoh 6 doctors.-

95% CONFIDENCE INTERPVALS ON "/DEWAON

THE MEARE FOR 12 SERIES
CIESTr PMTENTS

no.of t n,3 nS

V-C I-Z7
F EV 22.0 11.5

SFEV,% 20.8 T 18.8

M MM F 40.1 22.6
m V .V :33.0 21.

Table 7.95% contidence intervals oaloulated
on *host patients.
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95%COWifDENCE INTERWLSON "/.DEVATTIN

4 'mVV

.- ... 'I

71g,10, 95% confidence intervals for ?IVV

951. CONFIDENCE INTERVALS FOR THE MEAN

RANDOM SAMPLES FROM 100 TESIS
ON EACI- 6 DOCTORS

1 no of 1t!;t n 3 r 10

4/ C k-) ri)1

V F,

N4 .

Tabl 8. 95;% conflience lnter#'iln for the mean
oaculat.ed on gix Moctors.
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95%CONFIDENCE INTERW*.S FORTHEMEAN

10 REPEATED TESTSONEACH12 STUDENTS

no. oftsts nn3 n *5 n,10
V C (L) 0.59 0.24 0.1

FEV l 1md 0.65 0.25 U0.S

F E V,% 12.5 6.4 2.9

MMF (L.){ 1.59 0.68 0.,I

MVV (Uml.,r) 37 21 2

Table 9, 95% oonfidence intervals for the mean
calwulattod on 12 medioal students.

951/ CONFIDENCE INTERVALS ON %DEVIrON

5 TESIS IN EACH 12 SERIES
6MEDICAL DOCTORS

v c 5.6
FEY, L - --

EiV, .5

MMF 11.2

MVV 11.0

Table d 95% oonfidence Intervals for % devi-

ation oaloulated on six medical dootors.

([.5)
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d. CONCLUSIVE COMMENTS:

Through the over-mentioned experimental analysis on
the repeated spirography we may be able to cinclude the
experiments by the following comments.

1) By some statistical analysis thr reproducibility
for the spirography were established.

2) The 95% confidence intervals on the %VC and on
FEVl% were consistently smaller than those on MMF and on
%MVV.

3) The 95% confidence intervals for the mean on the
most spirographic parameters obtained on the experienced
doctors were found consistently smaller than those for the
cooperative medical) students. The most poor reproduci-
bility wTas found on the chest patients although they
were cooperative enough.

4) With regard to the confidenne intervals the %VC
and FhVl% was found to be the best combination as for
the routine diagnostic parameters on the ventilatory
functions.

5) To detecL any obstructive changes rolitinely
FEVI% may be us'.d although it is not very sensitive enough.
Upon giving diagnosis by FEV1% the lower rejection limit
instead of the mathematical mean for the normal healthy
should be used. The 5% lower rejection limit might be
lower than 70J on the aged ( The detailed data will be
shown elsewhere).

3_.THE PULMONARY FUNCTION SURVEY ON T{E UNLIMITED POPULATION

OF JAFAIES'Sl CIVLLI,IA:.

a.PUIRPOSE CF THE S32UDY:

A baseline study cn the ventilatory functions among
Japanese civilian population in Tokyo-Yokohama area was
done at Kelo University Hospital. Thi-I series of studies
were expctud to ;-wvc u, so:i diagnostic criteria on
their ventilatory function test,<'. W, aimed to demonstrate
the nor::t'l i~mit.< of -r'ntilatory functions- as wtoll as to
visua!'z,1L the scatteird .iistribution oi the so-called
norL-.l w.-alic,,, whi usually arc rýtferred only by the m-them-'a
tical : an. We wt:r- especially conrcernt,1 on the random

(17)
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difference of the measured valueF obtained on different

healthy subjects.

b.METHODS:

The routine pulmonary fur3tion tests including the
lung volume study as well aE the ventilatory capacity
tests were done on the Japanr.-e volunteer subjects. The
spirography was done on the supine- as well as on the
standing position by use of the 13.5L respirometer of
Benedict-Roth type. Functional :esidual capacity wac
measured by the helium dilution method with the closed
circuit system.

c.SUBJECTS:

2423 volunteers, wino were on the specially organized
medical checkup pro'ra-: during one week's hospitalization
at the Kelo University Hospital. Included were 1829 males
and 594 females and their age ranged from 18 to 85. Out of
these subjects included were 594 healthy male subjects,
who revealed neither any subjective complaints nor any
abnormal objectivc physical findings.

d.RESULTS A17 TREATMTENT OF THE DATA:

(1) CORRELATION WITH VARIOUS FACTORS AND THE REGRESSION
EQUATIONS FOR THE MATHEMATICAL MEAN:

These so-called healthy subjects were picked up with
regard to their routine clinical findings including the
chest X-ray findings. As for the first step the possible
facto-,-s affecting these physiological parameters were
statistically examined by calculating the corrulation
coefficient. The sex and ag-e were found to be thc most
common variables related to every Darameters on the venti-
latory capacity. These subjects were classified with regard
to their 7ex and age... Age classi"fication was don-. at
every five years intervals.

lle paranetor:-, which appeared to be dependent to the
physical cons.titution, were represento, as, the ratio to the
predlcted valuos. ThD1 rcore was taken to eliminate
the constitutleonal iifftor-ncc or each individual subjects
rFIor 'I i - > n%, 11 c 1 sýake h,, p rod i ct e I v~i11, 'le re
celculatý-, i by 11- iw formula.

(1?)



441

Sage qroup (yr) no, of subjects

20-- 29 23

30- 39 169

40 4 9 7 6

50 - 59 6 7 1

60- 69 401

70 -79 7 1

8O -- 89 .18

...tot'il 1 829

Table ]L.Agf -1.t.rlbutto of maI e mauftot,

t correlated

-not correlated
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Table 13, Ventilatory functions of Japanese of various
ages.

The data shown in this table are obtained on
468 males, who were clinically considered healthy.
Thene healthy subjects were picked up from 2400
cases through the medical checkups at the Kelo
University Hospital.

age groups no.of vital capacity FEVN1- MVV
subjects (ml/cr.Ht) (%) (L/min.m2 BSA)

20-29 8 24.7(2.4) 85.5(6.2) ?9.9(12.8)
30-34 18 25.1(2.4) 82.8(6.4) 75.2(16.5)
35-39 44 24.4(3.2) 83.0(6.8) 70.6(12.4)
40-44 45 24.5(3.4) 80.8(6.9) 71.4(12.4)
45-49 62 23.7(3.2) 80.7(5.3) 73.6(14.3)
50-54 65 22.7(2.9) 79,7(5.0) 65.5(12.2)
55-59 52 22.4(2.9) 79.3(4.8) 62.2(14.7)
60-64 41 21.7(3.2) 77.9(4.7) 63.3(12.3)
65-69 25 21.8(3,0) 77.8(4.4) 52.7(14.0)
70 or over 8 20.3(1.5) 77.6(4.3) 55.6(12.1)

Figures in the parenthesis indicate the standard deviation.

(21)
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Some parameters were related to ag- and sex as referred
above so that we calculated the mean values in terms with
sex and ages. The vital capacity was also related to the
body height and the WVV to the body surface area so that
the ratios of these parameters divided either by body height
or body surface area were taken to find out the relation-
ships of these parameters with agc(Table 13)

The parameters, including %VC,FEV1,FEV1%,MMF and MVV
on any particular age groups demonstrated normal distribu-
tion. Ever- though the difference in their physical consti-
tution was eliminated the standard deviation for every
parameters ;ere f'ound consistently larger than the
correspco.dinr- values obtained in our previously
r2ported stud'r on the spiroEraphy repeatedly done on
tha l-I::t nd .... S of healthy subjects.

The mathematical mean and the standard deviation
fr eve.ry parameters were calculated on each sex-age
grou-s and t•e re•ression eauations for the mean on these
parameters In terms of0 age and constitutional factors
were calcuit -ed. Statistical treat.ent was also performed
on V,_RV ,IiC as well as RV/rL7LC ratio. The data was
demonstrat-ell, in ?igu'ra41,19 an- 20 The
calculated equation- are a' following.

VC(L)-O -0.4' -o.O'.2--49:

FEV-I.O(L)=0.037 h-J.-22A-C .L:

NV (L/min O- iC

.fl /L,_ ()-0.2 o3A-o.l.6~ ,•"z•,.7

?E7I.cS=0. 027 - .220A'84.L

(2) FE•I, O/PEDIC:ED ;irAL 7APACTTjo)

On: the clinical pulmor.Lry function study the izipaired
ventilatory functions are usually clavqsified into three
major ty'pes, namely ths restrictive-,the obs'tructive- and
the cobine.-' venr:lat-oiy impairment. The restrictive
vnltilatory iupa•r__e..t is characterize- by any decreased
vital caracity . . i,, the obstructive ventilatorv impairment

(27)



by depressed FEVI%. For the quantitative evaluation of the
overall ventilatory impairment two parameters of %VC and
FEV1% are used(Fig.21). Every vent'latory functions
evaluated on the routine spirography may be plotted on
the diagram, upon which the percent vital capacity be taken
on the abscissa and FEV1% on the ordinate. Although the
ventilatory impairment is thus classified one has to overcome
the practical disadvantage to compare the impairment quanti-
tatively, especially when these two parameters are not
impaired in parallel. To assess the ventilatory impairment
quantitatively with a single panameter we took FEV1 divided
by the predicted vital capacity. Although this parameter
itself does not have any definite physiological significance
this reflects the changes in vital capacity as well as
FEVl%. We used to take the vital capacity measured on
supine position while FEVl% taken on standing position.
Although the Baldwin's predicted value for vital capacity
represents the value obtained on supine position. We
took the vital capacit on standing position Just for the
convenience's sake so that the parameter of "FEV1/pred.VC"
be equivalent to the product of %VC and FEVl%. This
parameter of FEV1/pred,VC therefore be convenient to
evaluate the overall ventilatory impairment by single
parameter. Upon calculating the FEV1/pred VC% these
parameters of %VC and FEVl% are thus taken equivalent to
each other to represent the overall ventilatory impairment
although one may not expect mtch physiological slgnifi-
cance upon FEVl/pred.VC%. .ut on the conventional clinical
diagnosis for the evaluation of ventilatory functions this
parameter may be quite convenient. On the overmentioned
diagram, upon which %VC was taken on the abscissa and
FEVl% on the ordinate, the group of parabolic curves repre-
sent the iso-FEVl/pred.VC lines(Fig.22).

Figure 22 shows the iso-FEV1/predVC curves drawn at
intervals on the %VC-FEVl% diagram. We have plotted the
data obtained on 2423 volunteer cases upon this diagram
to demonstrate the general aspects of the ventilatory
functions among Japanese volunteers. Some of them revealed
any impaired ventilatory functicons accompanied by
FEV1/pred.VC% below 60%.

(3) IMPAIRED VENTILATORY FUNCTIONS AT VARIOUS AGE GROUPS:

The incidence of the cases with any impaired
ventilatory functions was studied on every age groups.
Among the groups of younger adults the cases accompanied
by any impaired ventilatory functions were found.

(28)



1001

* 09

7.0

20

0 20 40 so OD 120 go0 160

% V C

FIg.23* VentIlAtOrYr functions In 24123 volunteer
Japanese subjects.

*,V t.

Fig.2*&. Ventilatory functions In 24123 Japanese
volunteer subjects, Cawov"is ndiate tte iso_
FS lPg*1 .VC 1line..

(29)



to
-m -'dm7 im-qm

- S. m--ma

Fig.25.im Inidnc -ment
an 2 Jpns sLube cts

(00

uemlw :- Z•- 4- 46- 3- .6- U- ar- .
2n 14 .:t3 44 6 i i IS a I e .

age group

among 2i423 volunteer Japanese 8ubjeots

(30)

i)I



EFFECT OF AGE
ON VENTILATORY FUNCTIONS

ventilatory T-cor•• ..
cangs coefficiemtsper Q9 0e with age

V C (Lv) -0.02 -0.29

FEVI.o(L) - 0.03 -0,52

MMF (l1d - 0.04
MVV (L/rmn) -1 1 -0,44

FEV1o% (1) - 0.2 -0.29

#: R VRV/TLC (7.) + 0.2 +0.28

Table 14. Corrolatlen 00offlotents of ventilato3
funotions with age

EFFECT OF AGE
ON VENTILATORY FUNCTIONS

v•tilatory changes per ag1
'mole subjects followed up
with normal male sljb ts

.1 P vent. functions
n:9/ n n:30

V C (L) - 0.02 - 0.01

FEV10 (L) - O.U2 - 0.04
MMF (L/sec) - 0.04

MV,(Llrrnn) - 0.9 .+ 0.1
FEVio*, (0.) - 0.2 - 1.0

RV/TLC (/1.) + 0.2 + 0.4

Table 15. Ventilatory changes per age

(31)



INCIDENCE OF SUBJECTS WITH
"/. VC 80/.

100 [7
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Fig27. Inoldence of subjeots with FEVi% of 70%
or lower In the healthy population.
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ventilatory functions was increased as the age increased.
The relative types of the ventilatory impairment was also
studied. Among the aged the obstructive ventilatory
impairment or the combined ventilatory impairment
was rather dominant than the restrictive ventilatory
impairment.

(41 FOLLOW-UP STUDIES:

The baseline studies described above was done on 2423
cases of various age groups. Question was then raised
whether or not, if one picked up any particular subject
to follow up, any change in his ventilatory functions may
develope along the overmentioned decline of the
baseline data.

We had opportunity to study repeatedly the changes in
ventilatory functions oy following up some particular
subjects for years. The changes in every parameters
per annum were calculated on these subjects of various
ages.

Firstly we compared the annual changes in every
parameters obtained on the followed-up healthy cases with
those estimated on the different healthy subjects. The
previously obtained annual rate of changes on the
randomly selected healthy subjects may be represented by
the value in the previously reported regression
equations. Secondly we compared the annual changes in every
parameters obtained on the cases accompanied by the chest
diseases with those obtained on the healthy. As for the
representative chest diseases accompanied by any typical
ventilatory impairme'-t we picked up chroric pulmonary
emphysema and diffuse pulmonary fibrosis.

We compared the annual rate of changes for
each parameters on 29 cases witt, chronic pulmonary emphy-
sema and on 13 cases with pulmonary fibrosis. By
comparing these annual rate of changes for these para-
meters any statistically consistent difference was not
found. The ventila-ory functons of the followed-
up normal healthy changed year by year within the normal
range estimated by the previously described baseline
study. The cases with chronic pulmonary emphysema,
whose ventflatory functions were followed up for years,
revealed annual rate of changes in FEVI% without any
consistent difference as compared with those in the
normal healthy. But the annual rate of changes in % vital
capacity on thes;e emphysematous subjects wa.• rather

(34)
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ANNUAL VENTILATORY CHANGES

VC W FEV. 0 (W) 1
I followed up 0 . 01 -0O.0 4
• notrnals

n-300.01--0.03) (+0.01 -- 0.09)

erihysero - 0-10 -0.06
n=29 ('0.03 -- 023) (0.02- -0.1)

Sfibrosis - 0.06 -0.0 3
n=13 (-0.02 - -0.14) (-0.07 - -0.13)

figures in the parenthesis indicate 95"/, corfidence interwls

Table 16. Annual ventilatory changes(1)

ANNUAL VENTILATORY CHANGES

M VV V ([ n) FEV1.0% (M)

K followed up + 0.1 - 1.0

normals (+6.1 - -S,9) (.0.1 - -2.0)
n=30

emphysera - 2.2 -0.5

n=29 ('02 - -4.6) ( 1.5 - -2.5)

fibrosis - v.2 + 0.,5
n 13 ( 3S - -5.9) (+2.6--1.6)

Table 17. Annual ventilatnry changer(2)

0. .5)



significant than those founxd in cases of normal healthy.

On the followed-up cases accompanied by diffuse
pulmonary fibrosis the impaired ventilatory functions chan-
ged with the average annual rate of change equivalent to
those found in the normal healthy. Although the average
rate of changes in the ventilatory functions did not
show any consistent difference on the cases with
pulmonary fibrosis, the tiLme-to-time fluctuation in
their impaired ventilatory functions was quite
larger as compared with tnose in the normal healthy.
Statistically treated data on the parameters on the
vital capacity,FEVl,FhVl%,MNF and on NVV are summarized
in Tables 16 and 17.

c.CONCLUSION:

The baseline study on the ventilatory functions among
Japanese population of vrious ages was reported. The
study allowed us to establishn the reE!--,sion equations
for the mathematical mean on the various parameters as
well as to demonstrate the distribution of the data
with regard to the age.

in Figuresl7,18,19 and 20 the 5% rejection limits
calculated with regard to each age groups were indicated.
Note these 5% rejection 1.imits for FEVl% for the aged.
70% of FFVl% seems too severe for the normal limits on
the aged population.

4. STUDIES ON THE AIRWAY RESISTANCE:

a PURPOSE FOR THE STUDY:

The diagnosis on so-called chronic obstructive
pulmonary diseases be given basing upon the data on
pulmonary physiology in eddition to the patient's
clinical symptoms.

Although the so-called obstructive ventilatory
impairment is charactctrlzel by the depressed FE7l% on
the rpirography, thereý are some technical proulems to
be explored. The pulmonary function ,iata in ihe routine
mr~ed1ical practice be collected on the spirooraphy. But the
data on the routint pulmonary function tests often reveals
disc,.rep.ncy with the c linical findings on the asthmatic

(36)



patients as well as on the bronchitic ones. This
discrepancy suggested us to conduct the present studies.
We have focused our aim upon the following points to explain
this discrepancy. The following points will be discussed
hereunder.

The routine spirography could possibly be not sensitive
enough to pick up every minor obstructive changes
occurred in the airway. The second question was placed
upon the diagnostic criteria. The diagnostic criteria
used to evaluate the ven ilatory functions among
the U.S.military personnel was too severe so that
the incidence of obstructive ventilatory impairment could
possibly be appeared too high. FEV1% of 80% for the
diagnostic limit seems too severe. Since the repeatedly
measured FEV1% demonstrate the normal distribution, if one
take the mathematical mean for FEV1% as the normal limits,
50% of the total cases may be diagnosed abnormal. For
the healthy young adults the mean FEvl% may be 83% with
standard deviation of less than 5%. If one take 80% for
the lower normal limit, one has to expect very high incidence
of false positive of approximately 33% of the cases examined.
Therefore one has to consider any allowance for the ±ower
normal limit of FEVl%. We have observed in our previously
reported baseline study the 5% rejection limit to be below
70%. Thirdly we have to remember the fact that neither the
subjective complaints nor the physical findings cannot
satisfactorily be explained by these obstructive
ventilatory impairment.

To discuss these technical problems to assess tho
ventilatery impairment we took in thctr present
paper two major approach. One of them was to measure
the airway resistance to establish its normal limits for
the Japanese population. The other was to compare these
dp'a with the spirographic data to mak. the physiological
significance for FEVl% clear.

b,SUBJECTS:

The subjects examined in this present study include
both healthy arid diseased. The healthy subjects were picked
up from groups of the medical doctors, the interns and of
the medical students. The diseas i subjects, aged from
19 to 82, were randomly picked up out of the cooperative
chest patients who visited the Kelo University Hospital.
The total numbers of subjects were 139.

(37)
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These subjects were z-arefully e z&_inedý on t.1heir history

on tChe chest. diseases, the :jytptors of cough, air-YorI
phikegm, the physical findings, the chest X-ray and on the
spirographic data to classify th-ese subject .-s Into four
groups. Subjects incl~uded ir. the 'grzoup 1" rid ot
accompany any signs aril/or sympto~s, suggest"Ing any chest*
diseases. Subjects in, the~group !14 were aý;co~panled by
the history 3f chest diseases ar~ior sligýht%- stfbJective
co-.pDkints without any physical ab-norn-alities. Since
t1"heir coz-plaints ard/or physical- fir-dings were so =Inor
that those =ay possibly be inc-luded in the So-called
"clinically healthy* in wide sense. Th7e subj"-.,ectL-s Include-
In ttha~groups MI and IAVO were the patients of ^chest
diseases. 'Diseased SubJects who revealed FE-11% over70
were lnvcluded in th.eugroun 7T2" while those wh;-o accom-anied;

=1of al% o lower were in the "zrouz 17".

10 stabli-sh t% he norral1 v7alues for the air-gay
resistance st-atist-ically t-he 'heal1thy siftjects we- plcked2
av wit-1- sp-ecial care ander the- st'rict criteria. The
-s lectp5 Khn were acccmnan"4e-;b any; h~cie! _,-aints,
if It. was very slig:ht, zay sometimes be included in the
'clinically healthyusubjects. in this -.resent st-ady excluded
were such "clinically heallthy* cut of the *ar~all healt"hy".
Tho-e who were also excluded from In our rresent s'tidy
were 'the hea-:y smokers whose daily cigzarettes con~suz-r!ston
ex~cee-::e4 2-2. Amnong those excl'iud-ý from the "nor~ral
healthy* were our research associates aith~o' i th~ese
doctors were able to "behave perfectlY, n3rma2. on their,
i:aily activitie-s. The n~ormal haal t, y selected- for
the study under st-riIct critteria were 5'0 rales and2 16
females.

c.MEMODQS:

The szirograp y was done on both supine- a-nd tarzrinE
pDosition by use of" tLhe respirome tz of 13.5-L Benedict-
Hoth type. Flwas calculat-ed on the spirogra-- taken.
on the st-an irZ position. The highest value for F:-v'l%
on the riipeated spircgraphy was taken to represent his
v.enitiAat-ory capacit;Cy. The airway resist-ance was
measure.' by the Darting miethodd using the body ple-thysmo-
graph of prcsZure type. The subjects sat In t1-he box until
he got accizstomed in his very restricted environment,
during this period the box tempe-1-ature reached
approximately constant.

Pan~ting effort with air-flow of 0.5-1.0 L/Sec at
frequency of 2-D/sec was parformed through the pneimo-
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tachograph for 10 or 15 seconds. While the subject making
this panting maneuver the electronic solenoid valve shut
the airflow instantaneously. The pressure change in the
body-plethysmograph, the mouth pressure to represent the
alveolar pressure, and the changes in airflcw were
continuously recorded on the Sanborn Poly-Viso recorder.
The airflow resistance for the pneumotachograph-shutter
system was measured as 0.42cmH20/L.sec. The measurea
airway resistance was corrected with this rt-sistance
of the pneumotachograDh-shutter system.

d..,RESULTS:

(!) AIRWAY .- SISTANCE ON 118 MLE SUBJECTS:

Table 19 indicates the data on the subject's age, tne
mean values for the Fhysisal consttitution, the mean and
the standard deviation for the spirographic data
as ifell as their airway resistancw with regard to the
overmentioned classification. There were no significant
difference on the backgrc.und data between these four groups.
IThe means of zhe airway resistance for each groups were
found to be 1.24+0.25,l.48+0.2?,1.77-0.5., 3.21÷_.480=H20/
L.sec,respectlvely. The airway resistance in the groups
I and II was significantl• lower than those in the
groups III arn iV(Table 19).

(2) NORMAL 'UIMKT FOR T AIRWAY RESISTA-NCE:

The frequency distribution on " airway resistance
and RawxVtg measured on 50 healthy males appeared to
,demonstrate the nor-mal distribution curves. The 95%
confidemuce interval for the airway resistance was estimated
as 0.5OcmR20/Lsec. The 5% upper rejection limit for
normal healthy was found as 1,75cmH20/Lsec.

The airway resistance was somehow related to the
thoracic gas volume. Fig.29 shows the rela&ionship
observed between the airway resistance and the thoracic
gas volume. In the healthy cases with smaller thoracic gas
volume the airway resistance was found larger while the
healthy cases with la.-ger thorazic gas volume revealed
smeller airway resistance. As for the diagnostic parameter
we therefore prefer RawxVtg rather than the ai• ay r,.-sistance
bý?cause the airway resistance was dependent to the
tnoracic gas volume. RawxVtg is th-e reciprocals for the
specific conductance(Gaw/Vtg). The 5% upper rejection
limit for nawxVtg obtained on the •healthy male adult"
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was found to be 4.96cmH20sec.

(3) FEVI% VS. AIRWAY RESISTANCE:

Relationship between FEV1% and the airway resistance
is shown in Fig.30 and that between FEVl% and RawXVtg in Fig.
31 obtained on 118 cases examined. Broken lines in the
figFrcs indicate the 5% upper rejection limits. Any
dis3repancy in the relationship between the airway resistance
and FEVI% was demonstrated. Note the fact that not evrery
cases having abnormally increased airway resistance did
revealed depressed FEVl% and that every cases with depressed
FEVl% did not shown abnormally increased airway resistance.

_ The same tendency in the relationship between FEVl% and RawX
Vtg was also observed.

Further analysis was performed on the cases accompanied
by FEVl% within normal limits. FEVl%, the airway resistance
and RawXV'tg obtained on the referring 91 cases with ncrmal
Fzis were summarized in Fig.32. The mean values f'or
FEVl% in the groups II and I did not revealed any statisti-
cally consistent diffcrence, but the difference between
the groups II and III was folnd significant.

It was interesting enough to see any statistically
significant difference on the mean values for the airway
resistance and for RawXVtg between the groups I and II.

Cases in the group III, accompanied by normal FEVl%,
revealed increased airway resistance.

Fig.33 indicates FEV1% on 81 cases in four groups,
who revealed airway resistance within normal limits. Also
be noted that 6 cases in the group IV, who revealed depressed
FEVl% below 70%, by definition, were accompanied by the
airway resistance within normal limits.

(4) DATA OBTAINED ON THE FEMALE SUBJECTS:

21 female adults, whose ages ranged from 19 to 70,
were divided into two groups. 16 subjects were included
in the group I and 5 in the group Ii. The criteria for the
groups I and II were the same as mentioned above. The
summarized data obtained is shown in Table 20.

The difference of FE71l% between cases in these two
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"groups was not significant while those of the airway resistance
a.s well as of RawXVtg were found statistically significant
on these referring two groups.

e,( COINSIDERLATION:

i ~ (1) CRITERIA FOR MH NORMAL HEALTHY:

To establish the normal limits for the airway
resistance one has to define the criteria for the *healthy
subjects"strict. The subjects, who are able to continue
their daily activities quite normal except for any slight
subjective complaints of morning couph and/or phlegm produ-
ction, might sometimes be incltffed'in the group of clinically
healthy. But, as being demonstrated in this present paper,
the clinically healthy subjects in a broad sense often
revealed high airway resistance exceeding the normal limits.

Some heavy smokers were included in these groups
accompanied by Increased airway -esistance. There are
papers dealing with the airway resistance on the cigarette
smokers. Jeeger and Otis excluded cigarettes smokers to
establish their normal values for the airway resistance.
Gayatt et al used the healthy prisoners as for the subjects
for their ncral values of the airway resistance so that
they could exclude the direct, immediate effects of
smoking. Pelzer et al studied the airway resistance on the
healthy young adults. They did not foaund any consistent
difference on the airway resistance between smokers and
non-smokers although they found the difference among the

( aged population. For the normal FEVl% it may not be
necessai-y to take such severe criteria for the *normal
bealthy' because the spirogram is not sensitive enough
to pick up every minor abnormalities.

(2) NORMAL VALUE FOR THE AIRWAY RESISTANCE:

Fcr the practical purposes upon examining the impairmenb
the 5% upper rejection limit for the airway resistance
ray be much significant than the mathematical mean. We
statistically treated the airway resistance obtained on
50 healthy males to calculate the 95% confidence interval
for the mean as well as the 5% upper rejection limit.

The normal values for the airway resistance reported
by various authors are compiled in Table 21. DuBois et al,
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discussed this particular problem on the distribution of
'he normal value. Although some papers concerned in discuss-
ing with the ncrmal values for the airway resistance, were
only indicated the mathematical mean with or without
stardard deviation. Some of the papers took the airway
conductance instead of the resistance. We indicated the
overall airway conductance and the specific airway conduct-
ance, which is pepresented by the airway conductance per
unit thoracic gas volume, in addition to the previously Iindicated values represented by the airway resistance.The Table 00 contained our own data obtained on two types of

populations, one of them was the normal healthy selected
tu:der strict criteria and the other was the normal value

in a broad sense Povering the value obtained on both
groups I and II.

(3) VALUES AT VAlIOUS AGES:

Butler et al. reported the airway resistance measured
at a time of the spirography was done. Although they did
not find any consistent difMcrence in the airway resistance
on different age groups altAough they did any cornistent
decrease in MVV with aging. Pelzer found no significant

J changes in airway resistance with age.

In an observation any spirogrpphic changes were
noticed in the population of age over 40 years But
our healthy male subjects did not revealed any precise
difference in the airway resistance over wide ranges of
age(Table 22.

The airway resistance is dependent to the thoracic
K igas volume maintaining hyperbolic relation. Thus the

airway conductance reveals linear relation with the
thoracic gas volume. The relation obtained on the normal
healthy may be indicated by the following formulae.

RawX.Vtg=K (K=4.2)

Gaw/Vt g=K' (K'=0.24)

For the diagnostic parameter RawXVtg is considered
much preferable rather rhan the airway resistanceRaw;.
Although 42% of the population in the groups II and III,
whose FEVl% was found 70% or higher, revealed airway
resistance exceeding the normal limit of 1.75cmH20/Lsec
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while 71% of Vhe -ases were accompanied by RawXVtg exceed-
ing the upper normal limA.. oLT #.96cmH20sec. These facts
suggest us the parameter of RawXVtg be much sensitive than
the airway resistance itself to detect any minor abnormality.
In another word, if one take the airway resistance, one
might possibly mias any minor airway obstruction.

(5) THE DIAGNOSTIC SIGNIFICANCE:

The physiological significance of FEVl% was studied in
relation to the airway resistance measured by the panting
method. The measurement of airway resistance was performed
on 139 adults, age distributed from 19 to 82 years.

t Since the present study was performed with the aim
to establish the normal limits for the eirway resistance the
selection of normal subjects was made strictly. The airway
resiskance for the normal healthy selected on the strict
criteria did revealed consistent difference with that
obtained for the so-called"clinically healthy" in a
broad sense.

The present study was also performed to examine the
physiological significance of FEVl% using the statistically
established 5% upper rejection limit of the ncrnal airway
resistance. The spirography and the measurement of airway
resistance using the body plethysmograph of pressure type
were thus performed on 139 human subjects, including 118
males and 21 females, aged from 19 to 82 years old. Among
these subjects included were 66 normal healthy who met the
overmentioned strict criteria. Subjects were divided into

( four groups in terms of their subjective complaints,
history of respiratory diseases, objective findings and
their FEVl%.

f.SUMMARY:

1) The mean value and the standard deviation on the
spirographic and the body-plethysmographic data were indicated.
2) On the group of 50 normal healthy selected under the
strict criteria the authors were able to establish the
normal characteristics for the airway resistance. The
mathematical mean and the 5% upper rejection limits for the
mean on the normal airway resistance were 1.24cmH20/Lsec
and 1.75cmH20/Lsecrespectively. Those for the airway
resistance multiplied by the thoracic gas volume(RawXVtg)
were 4.15cmH20sec and 4.96cmH20sec,respectively.
3) The statistical analysis r.-ealed a significant
difference on the airway resistance as well as on the
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airway resistance multiplied by the thoracic gas volume
(RawXVtg) between the two groups. One c" them was the
group of normal healthy selected under the strict criteria
and the other was the group accompanied bnly by any subj-

ective complaints.I
4) FEV1% was found not sensitive enough to detect any
minor airway obstruction. Also the expiratory incompetency,
represented by any depressed FEVI%, does not always
indicate th2 increased airway resistance.

5.STUDIES ON THE ARTERIAL(OR U INARY)ALVEOLAR NITROGEN 4
TENSION DIFFERENCE:

a.PURPOSE:

Basi.ng upon the data reported by Phelps et al we assu-
med the existence of increased venous admixture like effect
in bronchitic patients. The increased venous admixture-like
effect was assumed to be due to the uneven ventilation-
perfusion ratio distribution. The present study was 2
performed to dermonstrate the increased venous admixture-
like effect in the bronchitic patients as well as to analyze
the cause for this effects.

bGENERAL DESCRIPTION FOR THE TECHNIQUE_:

(l) COLLECTION OF BLOOD SAMPLES.:

The subjects were rea-.ested to maintain themselves
quiet on supine positon. The Cournand's indwelling needle
was inserted into the brachial artery under local anesthesia
"and then the subjects were kept nelaxed for at least 30
minutes until they became steady state. While the subjects
breathe air through the double-J-valve the expired gas
was collected in the Douglas bag to be analyzed with the
Scholander micro-gas analyzer and 10ml of the arterial
blood was simultaneously collected anaerobically in the
Luer-lock interchangeable syringes, which were lubricated
with heparin-nmtrium solution in advance. The dead
space of the syringe was filled with mercury.

In the present series of experiments the arterial
blood gas tensions and its pH were measured with the
IL meter Model 113-S2(Instrumentation Laboratory,Ltd.,U.S.A.e)

Th., IL meter was calibrated by the heparinized whole
blood equilibrated with the gas mixture of known composition
in the Farhi's blood gas tonometer. Blood nitrogen was
analyzed with the Beckman gas chromatograph Model GC2-A
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equipped with Molecular Sieve 5A column of 6 feetX*"o.d.,
Gas extraction was perforihed with the modified van Slyke
apparatus, which was connected to the gas chromatcgraph
system. Oxygen was absorbed. In the reaction chamber
of the van Slyke apparatus with the hydrosulfite
alkaline solution. Residual C02 was completely removed
from with the Ascarite column andu the water vapor with
the Drierite column. These column were placed in the down
stream of the carrier gas flow from the gas extraction
system. Helium was used for the carrier gas. Temperature
in the heated column-bath of the gas chromatograph was
set at a little over IOOC. With this system one can have
the argon-free nitrogen peak on the gas chromatogram.
This peak height for argon-free nitrogen was compared with
that produced by the exactly same amount of blood sample
equilibrated with air in the Farhi's blood gas tonometer,C which was set at the temperature of 37.3C. The peak
height of the gas chromatogram was used to represent the
relative content of argon-free nitrogen in the specimen.
Since the exactly same amount of the sample was injected
into the extraction chamber with the specially-calibrated
"sample-injector" and since the tonometered blood was
equilibrated with the compressed air, of which the argon-
free nitrogen tension is known, one can calculate the
arterial argon-free nitrogen bension usin the ratio of
peak height for the arterial blood and that for the
tonometered blood. in this calculation of the arterial
nitrogen tension the solubility coefficient of argon-free
nitrogen for blood was not necessary.

Alveolar nitrogen tension was celculated with the
alveolar equation. The gas analysis data of the
expired gas was used for this purpose.

(2) COLLECTION OF URINARY SPECIMEN:

Firstly the subjects were requested to empty their
urinary bladder. The subjects remained seated quietly
for at least 30 minutes after they took 500 ml of water.

ui e subjects were then passed the urine into the bottle,
which contained liquid paraffin layer to separate theurine from the contamination of atomospheric air. Through

thick film of this liquid paraffin the urinary specimen was
transferred anaerobically into the lubricated 20Orl syringe
to be stored until it was analyzed. The procedure was
taken as soon as possible to avoid the diffusion-loss of
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of nitrogen into the liquid paraffin. The clean syringes
were lubricated with saturated lithium chloride solution.
The dyringes filled with the specimen were stored in the
ice box until the samples were analyzed. A part of this
urinary specimen was used to equilibrLte with the compressed
air in the Farhi's blood gas tonometer to be ased to rLtkin
the calibration peak on the gas chromatograw.

We have examined the possibility of taking some "*snowr"

solubility coefficient to calculate the arterial or urinary
nitrogen tension instead of using these equilibrated specimen.
If this procedure be satisfactory of getting enough aucucacy
one can expect tremendous advantage to simplify the
analytical procedures for the arterial nitrogen tension.
To calculate alveolar nitrogen tension it Qay not be nece-
ssary to collect the expired air for analysis if we can
assume the value for gas exchange ratio. Also to calculate
the alveolar nitrogen tension we have to have the alveolar(
or arteriaJl) C02 tension. If we can substitute any tentative-
ly assumed value for this alveolar C02 tension it maynot be
necessary to perform the arterial puncture. We have"'
examined to calculate any possible error brought up by
taking these assumed values for the gas exchange ratio as
well as for the arterial C02 tension. If any allowance
for the final value is expected one mtny tentatively substi-
tute the estimated v.,' .ue either for the gas exchange ratio
or for the arteri 'l C02 tension. But we reached the
conclusion that upon calculating the arterial nitrogen
tension the estimated nitrogen solubility might finally
cause any prreciable error for the calculatea nitrogen
tension, which eliminates the diagnostic value of arterial
alveolar nitrogen tension difference.

But these procedure to take the assumed values upon
calculating the arterial-alveolsz nitrogen tension difference
with minimal errors the tremendous advantage in the popu-
lation survey is expected.

c.RESULTS:

The arterial avleolar nitrogen tension difference was
measured on three independent groups of subjects having
different pulmoaary diseases. One of them was the group of
"hathy" subjects. The second group was the subjefts accom-
panied by the episode of bronchial asthma. The other
group was the subjects with typical chronic pulmonixry
emphysema(Fig.35),
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The healthy subjects revealed their aA nitrogen
difference less than 10 mmHg. Some healthy subjects
revealed negative aA nitrogen difference, The unavoidable
limitation on the accuracy of the analytical procedure
possibly produce this negative difference.

The mathematical mean and the standard deviation for
the arterial-alveolar nitrogen tension difference on thenormal healthy were 3.5mmHg and 2.8mmHgresbectively.

Statistically calculated 5% upper rejection limit was found
to be 9.6mmHg. Based upon these data we have set the normal
limit for the artertal alveolar nitrogen tension difference
to be 10mmHg.

In cases with chrorn.c pulmonary emphysema and wilth
episodes of bronchial asthma this arterial-alveolar
nitrogen tension difference was found increased. The
data obtained are shown in the Fig.35.

6. STUDIES ON THE IKAIRED ALVEOLAR GAS EXCHANGE: AaD

AM PUMO Y DTFFUING CIPACITY:

a,PURPOSE OF THE STUDY:

On the pulmonary function study to evaluate the
Impaired a? -eolr gas exchange the CO pulmonary diffusing
capacity is performed routinely.

In cases with Tokyo-Yokohama asthnma the arterial
desaturation was pointed out and this suggested us the
existence of increased venous admixturc-lJke effect.

We have now the parameter of aADN2 as well as AaD02
to assess the uiýeven ventilation-perfusion ratio distribu-
tion. The present sthdy aas desigried to cstabllish the
physiological sigr 'ficance between these pr.rnmeters of
AaD02 and aADN2 as ".ell as between aADN2 and DLco.

Through this ana]ysls it xas alro nntIcipated to
clarify the Impaired a-7e-l: r g oxcnaiZ, in patient,, w~th
some chiest diseases.

AAD02 at two different inspired 32 concentrations of



20% and of 40% as well as aADN2 on the air-breathing le"el
were measured on the healthy suc.ects and the patients with
chronic pulmonary diseases. The pulmonary diffusing capacity
for carbon monoxide by the breathholding method Ya, aiLso
measured on these subjects at a time. Routine measurement
of the pulmonary dIffusing capacity was performed on the
supine position. The arterial puncture was made into the
brachial artery with the Cournand~s indwelling needle
under local anesthesia. The subjects were maintained for
at least 30 minutez to make him steady state, during this
period he was asked to get accustomed to breathe through
the double-J-valve In the open circuit system.

I Wle the subject was kept urder steady state the expi-
red gas was collected in the Douglas bag, duri.ng whlch
period the arterial blood was withdrawn anaerobically into
the heparin-lubricated syringes. The arterial 02 arn C02
tensions as well as pH were measured promptly after coll-
ection of blood samples with the I.L.meter Model 113 S-2,
which was calibrated with the blood equilibrated in the
Farhi's tonometer with the gases of known composition.
The expired gas was analyzed with the Scholander micro-
gas analyzer. The alveolar 02 tension was calculated with
the alveolar equation.

After the tests at the room air level the inspiredggas was switched to the 40% 02 mixture. Breathing the
gas mixture for approximately 30 minutes the same
maneuvers mentioned above was repeated to measure the
A&D02 at 40% 02 level.

c.RESULTS:

AD02 for the normal healthy under the room air level
was measured and was found to be less than 10mmiig while
those under the 40%02 level revealed relatively larger
values of less than 20mmH,•g. The pulmonary diffusing capacityon the normal healthy was found as the mean values of
20.6ml/min.mmHg.m , ranging from 15.8 to 27.4m1/mtn.mmHg.m

The present study aimed not only bo obtain the base-
line values for these three AaD's and for DLco, but also
to analyze the impairment of alveolar gas exchange existed
in cases with chronic diffuse pulmonary diseasea in
terms of the combination of AaD's and the pulmonary
diffusing capacity. As shown in the schematic diagram
AaD02's and aADN2 are influenced by some physiological
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lactors, such as 'he shunt, the diffusion barrier and the
uneven '7A/Q distribution. AaD02 at the room air level is
influenced by these factors. aADN2 is dependent only to
the VA/Q uneveness while AaD02 at the higher 02 level
mainly depends upon ~the low VA/Q component as wel? as uponthe shunt. We Pere also interested from some cliiical
point of view to analyze the contribution of these
impairment upon the CO pulmonary diffusing capacity
measured by the breath h)olding method.

Neither AaD02 on the room air level nor that on
the 40% 02 level revealed straight correlation
with the pulmonary diffusirg capacity although the data
indicated any correlation between these parameters.
aADN2, which may respond onl7r to the uneven VA/Q
distribution, demonstrated somehow consistentcorrelation with the pulmonary diffusing cepacity. Thus

we could conclude that the depressed pulmonary
diffusing capacity measured by the breathholding method
did not directly represent the impaired c~ffusion, but
may also be influenced by the uneven ventilation-
perfusion ratio distribution. On the clinical
pulmonary function laboratory this pulmonary diffusing
capacity is often used to evaluate the overall alveolar
gas exchange. Although the pulmonary diffusing capacity
may indicate the overall functions for alveolar gas ex-
change it seemed to have little value to make any further
analysis on the impaired alveolar gas exchange with this
single parameter of the pulmonary diffusing capacity.

Apart from some physiological point of view we are to
discuss some diagnostic problems limitedly concerned to
the routine clinical practice. We have studied the
pulmonary physiology in the bronchitic patients and found
that some cases with bronchitics revealed increased aADN2
even though they were accompanied by FEVl% within normal
limits.

The relation between the ventilatory functions and
the vrntilation-perfusion ratio uneveness will be discussed
hereunder. In the Fig.41 FEVl/% was taken on the abscissa
to represent the obstructive ventilatory impairment and
aADN2 was on the ordinate to represent the VA/Q uneveness.

AaD02 on the 40% 02 level was mainly dependent upon
the venous admixture-like effect, including the shunt
effect and the ventilation-perfusion uneveness, while
aADN2 was only dependent on the uneven ventilation-
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perfusion ratio distribution.

With the ccmbination of these parameters of AaD's
and DLco one could possibly be able to assess the
contribution of variable factors upon the impaired alveolar
gas exchange. AaD02 both on the air level as well as on
the 40% 02 level tended to increase up to 45 mminI in cases
with chronic pulmonary diseases. But changes in these
AaD02's obtained on any particular patients was not in
parallel. In cases of the normal healthy as well as those
with the diffuse pulmonary fibrosis Aa•02 on the 40% 02
level was larger than that obtained on the air level. In
cases with chronic pulmonary emphysema AaD02 at 40% 02
level was far larger than those on the room air level.
If one take the ratio between AaB02 at 40%02 level and that
at room air level, the ratio in thj emphysematous patients

4, were larger than that obtained in the cases of
AP healthy and of pulmonary fibrotics.

This seems to indicate the role of predominant venous
admixture effect as well as the diffusion impairment in
cases with diffuse pulmonary fibrosis and the significant
uneven ventilation-perfusion ratio distribution in
emphysematous patients.

On bronchitic cases accompanied by the long-term sputum
produut`on the relation between AaD02 and aADN2 was studied.
AaD02 at room air level and aADN2 appeared to show somewhat
linear relationship while AAD02 at 40% 02 1 21 demonstrated
rather disturbed relationship with aADN2. The fact may be
explained by the contribution of the venous admixture
which includes the factor independent to uneven VA/Q
distribution, at variable degree upon ID02 at 40% 02 level
in these chest patients.

AaD02 either on the room air level, or on the 40% 02
level with the pulmonary diffusing capacity revealed reverse
correlation while in cases with chronic pulmonary emphysema
these parameters indicated somewhat disturbed relationships.
In those with pulmonary emphysema htbh pulmonary diffusing
capacity did not demonstrated any precise decrease while
significantly increased AaD02's were fouri. It may be
possible to introduce the conclusive comments as following:
The pulmo~nary diffusing capacity mearured by the breath-
holding method does indicate the overall impairmunt of
alveolar gas exchange although it seemed difficult to
make any further analysis only by this pulmnonary ,iffuslng
capacity.
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7. EFFECT OF BRONCHODILATOR ON ARTERIAL-ALVEOLAR NITROGEN

TENSION DIFFERENCE:

a.PURPOSE OF THE STUDY:

We have demo~rstrated the increased arterial-alveolar
nitrogen tension difference in cases with some obstructive
pulmonary diseases.

The present study was performed to find out whether
or not the in,-reased arterial-alveolar nitrogen tension
difference in these obstructive pulmonary diseases would
improve when the airway obstruction was improved b'-y the
administration of bronchodilator aerosols,

bMETHODS AND SUBJECTS:

aADN2 was measured on the patients accompanied by any
obstructive ventilatory impairment. To examine the effect
of bronchodilator upon uneven ventilation-perfusion
digtribution the subjects include patients with subacute
or chronic bronchitis, chronic pulmonary emphysema and with
the episodes of bronchial asthma.

The urinary specimen was collected anaerobically prior
to the inhalation of the bronchodilator aerosol. The
urinary nitrogen tension may represent the arterial
nitrogen tension. The measurements were performed prior to
and after the 5% isoproterenol aerosol inhalation.

Ten minutes after administration of bronchodilator
aerosol the subjects again repeated the same procedure
for the uADN2 measurements. Approximately 40 minutes after
bronchodilator administration the second urinary specimen
was collected. This interval was considered sufficient for
equilibrating the urinary nitrogen tension with that in
the body tissue under new steady state. The forced
expiratory curve on the spirogram was again taken after
the second urinary specimen was collected.
ccRESULTS:

TnT effects of the bronchodilator aerosols on uADN2
as well as on FEVl% are summarized in Fig.45.

The figire indicates FEVl% on the abscissa and the
aAhDN2 on th.ý ordinate. After the bronchodilator
administration FF1l% did improved not in every casts.
The aADN2 in every cases with obstructive expiratory
incompetency revealed values exceedinr normal limits.
After bronchodilator inhalation these abnormally Increased
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FEVV.

FlgA5, Effect at bronohodilator upon uADN2 as well
as vupon FIV1%.
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aADN2 revealed any significant decrease. Even in cases,
whose FEVI% was not improved after bronchodilator administ-
ration, this aADNR was found impovved. The relationship
of changes in uADN2 as well as in FiEVl% is indicated in the
graph. The closed circles indicate the value prior to
the tzonchodilator inhalation and the open circles indicate
those after the Inhalation. The arrow connecting these
closed- and open circles show the changes in these values.

8. EFFECTS OF CIGARETTE SMOKING UPON THE VENTILATORY CAPACITY

AND THE ALVEOLAR GAS EXCEANGE:

a. PURPOSE:

SThe patients of Tokyo-Yokohama asthma were found among
the population of heavy cigarette smokers. The cigarette
smoking produce the" personal air pollution", which may be
comparable to the"environmental air pollution" although the
pollutant is quite different and although the effects
upon the human body might be different. The epidemiological
studies indicate high incidence of chronic bronchitis in
the population of cigarette smokers than that of non-smokers.

In this chapter we will present some data obtained in
the experimental observations on the effects of cigarette
smokirn upon pulmonary physiology. In this present series
of experimental studies we aimed to malnt the following two
points clear. One of them was the direct- and the immediate
resnonse of the human lungs to the cigarette smoking.
Another was the lcng-ter:m effectr of cigarette smoking upon
the pulmonary functions. Most of the clinicojphysiological
studies on the effects of cigarette smoking focused their
aim upon assessing the obstructive ventilatory impairment
produced by. The cigarett,, smoking may possibly produce
as its proper pharmacological action the bronchoconstriction
and it may also cause any further bronchoobstruction second-
arily by producing exce!7s muzous, secretion. We assumed
theoe bronchoobstruction may possibly cause uneven
ventilation-perfuzion ratio dis1tribution.

b,METHODS AND SUBJECTO:

A:- for the subject.- the% vnluntcer healthy youn,- loctors
wer, taken. Some loctor- ha,. smokin.zhabit of n:•u-i,•
more: than 20 c1,rnr-tt,-' Thlly asiul othersl w,,re non-mok-rs.
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Every subjects revealed neither physical findings nor chest
X-ray abnormality.

Theae subjects were tested on the following program.
The spirography with the respirometer of l135L Benedict-
Roth type wa& first made. Measurements of the Alrvay
resistance using the bdly plethysmograph of pressure type
was also done by the panting method, In parallel to these
tests the urinary-alveolar nitrogen tension difference
was measured. The urinary nitrogen tension was calculated
from the data obtained by the gas chromatography. The
detailed method for the analytical procedure has already
been described.

Precisely constant volume of samples of approximately
0.2ml was used for analysis. Under the analytical
condition the argon-free nitrogen peak on the gas chromato-
gram came out satisfactorily linear. For the calibration
of the gas chromatogram the same urine or blood was
equilibrated with the room air in the Farhile tonometer

at 37.3C to give the control peak hoight oL the gas
ohromatogram. These peak height of gas ohromatogram
produced b4- the sample and the exactly same amount of this
equilibrated specimen allowed us to calculate the
argon-free nitrogen tension in the sample without using
the assumed solubility coefficient for nitrogen. Triplicate
analysis on each specimen was made to minimize the analyti-
cal error.
c.BWMULTS FOR THE IMMEDIATE WFUECTS:

(1) s

The Immediate effects of cigarette smoking on the
ventilatory functions were studied. One hour pior to the
tests subjects were requested not to smoke cigarettes.
After the spirogram was taken tne subjects smoked cigarettes

for the tests and the v:---tilatory functions were again
tested right after the smoking.

The Tables 23 and 24 Indicate these summarized spirogra-
phic data on %VC,FEV1,FPVl%,MN? and on %RVV. Each of them
are represented by the mathematical means. These mathema-
tioal means did not show any consistent changes, which was
expected to occur immediately after the cigarette smoking.
Although these values did not revealed any change In general,
some spirographic data as compared with those obtained
prior to smoking. As shown in the Table25 vital capacity,
FEVI and NVV appeared to decrease slightly right after
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smoking. ;n five repetitive spirography, excepting only ore
test, we four.4 che same teridency to decrease in their
ventilatory capacity. These data indicate the fsct that
some particular subjeccs couid be highly sensiti-e in
responding with their ventilatory functions to the cigarette
smokizg although in average they did not.
(2) AIRWAY RESISTANCE:

The immediate effects of cigarettes smoking were t-i

studied by measuring the ai-way resistance using the
body-plethysmograph. The RawXVtg was taken as the parameter
to evaluate. This parameter was measured prior to and
after cigaretd smoking. We have already set the mean for
the RawXNtg on the normal subjects as 4.15cmH20sec and
its 5% upper rejection limits as 4.96cmH20sec. As shown in
the Fig.4 6 RawXVtg on seven healthy subjects prior to
smoking remained within normal limits. After cigarettes
smoking this parameter in five cases out of the referring
seven subjects was increased over the 5% upper rejection
limits while those in other two subjects the resistance
remained unchanged.

d. CONCLUSION,

We have deduced the following comments:

1) The cigarettes smoking produce slight airway constrictio;,
which nay be detectable by the body-plethysmography.

2) This provoked airway obstruction was not significantly
demonstrated on the spirography.

3) Some particular subjects demonstrated slight and tempo-
rary decrease in vital capacity,FEV1 as well as in MVV.

e.RESULTS OF THE LONG TERM CIGARETTE SMOKING:

The pulmonary functions on 283 volunteer subjects
were examined with regard to their habit of cigarette
smoking. This particular analysis was performed to examine
the effects of long term cigarette smoking on the pulmonary
physiology.

The subjects were divided into four groups, namely
the "non-smokers" "ex-smokers", "smokers" and the heavy
smokers". 34 cases were included in thf- group of "non-
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smokers". 61 cases were included in the group of "ex-
smokers", who had history of cigarette smoking although they
had quitted smoking by the time of tests. 78 cases were
"smokersh, who used to consume less than 20 cigarettes
daily. The fourth group was said to be the "heavy smokers",
whose daily cigarette consumption was 20 cigarettes or more.
Included in this group of "heavy smokers" were 110 cases.
The age distribution in each four groups did not show any
significant di.fference as shown in Table 26.

To minimize the immediate effects of cigarettes smoking
subjects were requested not to smoke at least for 30
minutes prior to the tests.

The summarized spirographic data obtained on these
four groups were given in the Tables 27,28,and 29. Tables
indicate the mathematical mean and the standard deviation
on PVCFEV1%, and on MMF. As being shown in these tables
the spirographic parameters for every four groups did not
revealed any consistent difference. The spirography was
not sensitlve enough to pick up the effects of long-term
cigarettes smoking,

The airway resistance measured by the panting method
revealed any difference between "non-smokers" and "heavy
smokers", as reforred elsewhere.

9CLINICAL OBSERVATION ON THE INCIDENCE OF AIRWAY IRRInaTION:

a.PURPOSE OF THE STUDY:

By conducting some year-round clinical observations
on the inciderice of bronchitic patients on the specific
population we tried to f~n2. out the general aspects of
changing incidence of bronchitic patients. We also tried
to find out the possibility of examining the patients,
if he is really existed among Japanese population, accom-
panied by tne similar symptoms with Tokyo-Yokohama asthma.
b.METHODS AND MATERIALS FOR THE OBSERVATION:

The observation was done mainlj with regard to the

clinical symptoms of cough,phlegm production and whczing
dyspnea as well as to the physical findings including
chest X-ray abnormality.

TiR observations were performed on three different
population-. One of them was the out-patients who visited
the chest cliilc in the Kelo University Hospital. The
second !ias the bank employee working in the Downtown of
Tokyo. The third group was the group of employee of an
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EFFECTS OF LONG-TERM

CIGARETTE SMOKING
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Table 30. Incidence of bronchitis in a bank located in Downtown
Tokyo.

month no.of total no.of patients with no.of patients with

patients airway irritation lower airway Irrita-
tion

AUG,'66 38 8 2
SEPT 49 8 5
OCT 44 '.8 15
NOV 62 14 12
DEC 60 26 16
JAN '67 59 29 22
FEB 59 32 18
MAR 68 18
APR 48 10 4
MAY 48 8 6
JUN 38 8 2
JUL 42 11 2
AUG 48 10 3
SEPT 59 14 5
OCT3 72 16 10
NOV 64 34 8
DEC 78 32 22
JAN'68 54 24 18
FEB 48 22 17
MAR 52 18 12
APR 42 19 5
MAY 44 8 3
JUN 46 8 4

Figures in the table designate the mean numbers per day
in the corresponding month.
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semi-governmental firm located also in the Downtown Tokyo.

"cRESULTS OF THE OBSERVATION:

At the chest clinic of the Kelo University Hospital
we have calculated the numbers of outpatients on any particular
date in summer and in winter seasons. The patients were
classified into five groups, such as bronchitischronic
pulmonry emphysema.bronchial asthmapulmonary tuberculosis
and others. The percentage of these classified patients
is shown in Table 30. One can see the high incidence
of bronchitis in winter season. This observation was done
on the unlimited population and therefore it may be unable
to give any def-Inite conclusion.

We had an opportunity to continue some clinical
observation on the inciderne of bronchitis on the bank
employee. The observation was performed in terms of the
incidence of symptoms of the airway irritation on the limited
population of approximately 2500 starting from August 966
thru June 768. During this period of observation the
office building of the bank was moved to the new location
in the Downtown To&'yo, where the air pollution -,,as much
worse than its original location. This allowed us to
compare the datr, with regard to the effects of air
pollution on the same limited population at different lo-
cation. The observation was made basing upon the
patients' subjective symptoms as well as their physical
findlrigs. To avoid the pos3sible diffe;-ence of the
physician's individual impression the observation was done
only by ono chest physician, Dr.Yckoyasa. He picked up
the subjects out of all the patients visited at his office
on a liiated day of the week. The pa.tients with airway
irritation were divided into two groups with regard to
their physical findirng, namely the upper airway irrita-
tion .ith or without the lo%,er ai.-way Irritation--the
bronchitis,. The patlents with acute, subacute and chronic
bi'onchtts were included in the lativer group. Total
numbers of the patients, numbers of patients complaining
the symptoms of the airway irritation, such as sorcucLrat,
cougn, nzAsal secretion,ete., were noted. The numbers of
Pat,•..ts with airway irritation was Civiied into two groups
as monioned above. The patients dem)nstrated the evidence,
3-a•cl as r.octurral cou h and sputum prc duc ;ion as well as any
.n•ct, fi.n~ii•., of bronchial rale, w,-.re classified -is

t•,, " c' of the lower airway irritatioi.

*',o cud! not xpect much .;ignlflcanct, on the absolute
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Table 31. Daily fluctuation of the incidence of bronchitison the bank-population 4

late no.of total no.of patients with no.of patients with
patients airway irritation lower airway irri-

tation
FEB. 168

5 44 9 07
12 61 28 16
19 36 19 8
26 51 32 13

subtotal 192 88 44
mean 48 22 11

JUN.'68
3 44 0 0
10 52 10 8
17 48 6 4
24 40 12 4

subtotal 184 32 16
mean 46 8 4

Figures in the table designate the OAi/numbers of corresponding
patients on the particular date.
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numbers of this bronchitic patients because in this present
study wo did not repeated the interview on the whole
population con-erned actively. But uDon reviewing the
data one can easily find the general tendency of the seasonal
changes of the incidence of symptoms of airway irritation.
It was low in summer and started to increase in September
or October maintaining higher incidence through the winter
seasons. The numbers of patients accompanied by the lower
airway irritation, even during the winter seasons, revealed
significant fluctuation. This fluctuation was directly
related neither to the low environmental temperature nor
to the temperature charges although the incidence of
patients with the upper airway irritation 's somehow
related to the low environmental temperature.

We took the ratio of the numbers of patien+s with the
lower-airay irritation to those with the upper and/or
lower airway irritation. Although this ratio revealed
significant day-by-day fluctuation it was consistently
higher in average during the winter seasons than that
during the summer seasons.

It seems difficult at this present stage of analysis
to discuss this higher incidence in connection with the
environmental air pollution. but as shown in Table 31
the incidence,• b-f-ronhitic patients in December 67,January
and February 168 appeared somewhat higher as compared
with those in the ,iinterscason of 166-'67. This might
possibly related with the chsnge of thr location of the
bank office to the more air-polluted area.

The patients Tzero not alway- the ci~arete smokers.
The relationship between the incidence of airway irritation
and the smoking habit was not quite Is!inificant. It may be
interesting tc compare the data in the winter season of '67
with that of '68 because the office building of the bank
moved in into the more-air-polluted ar-a in October'67. We
have picked up at randomly each 12 day:, rrnmely three days
from Nov.,Dec.,Jan., ard Feb., in aacoh winter seasons of
'66-'67 and cf '67-68. Every 12 sampl•s were given the
serial number at random .:o that each Thys picked up from
two winter s>easo ve up 12 couple-. The ratio of
numberL: of patient: comp~aln-:d airway Irritation and the
total number- of pati-n,,n: e: well 1, tbe ratio of numbers
of paticnt7. with the !ppei iirway Irriýction v,.the upper
and/or lower ainm:ny irrltatlon wert, c'nmparcd on cach
cc, uples. T'he t':it1-tic7l enLlysis- of the: data i.ndicated
the con:7i..ten.t lncrea:- th; ratio in the, winter -.cason
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of'670'68.as compared with that of '66-67. Tho
ratio of the lower airway irritation to the upper and/or
lower airway irritation was significantly higher in the
winter season of'67-'68 than that in t66-'67.

The samples obtained on any windy days were compared
with that on any cloudysmoggy days. Each 15 days to meet
these conditions were picked up at random and the overmen-

A tioned ratioes were compared on each couples. Thus we
found on the cloudy days the numbers of patients with lower
airway irritation was more profound than those on the
windy days.

"The background data concerning the cigarette smoking
Son this particular population was taken from the subjects
picked up at randomly out of the particular population

( when they visited the clinic on any reason. These control
subjeots and the patients complalning symptoms of the
airway irritation were divided into five groups with
regard to their smoking habitsnamelyA) the"heavy smokers"
consuming 20 or more cigarettes daily,B) the"cigarette
smokers" consuming less than 20 cigarettes dailyC) the
"ex-smokers", who quitted cigarette smoking although he
smoke cigarettes previously, andE) the"non-smckers".

Statistical analysis was performed on the ikicidence
of airway irritation with regard to the habit of cigarette
smoking. As shown in the table it was not able to damonstrate
statistically anv clear-cut relations between those two
factors, namely the incidence of airway irritation and the
habit of cigarette smoking.

The clinical observation was also done on the incidence
of bronchitis at the other semi-governmental firm having
the population of 1185. The accumulated data collected
during 1963-1966 are shown in Fig.47. The accumulated
number of bronchitic patients in each month is shown.
fhe incidence of bronchitis is lowest In August and starts
increase in September maintaining high incidence until
April. 71%M scrle• of ob..ervatlon was conducted by
Dr.Mitsufujl.

What was significant statistically in these series
of obe crvatlons was the hlgher incidence of bronchitic
patlentr In ,v,-ry wintel --•r'•on, Signiflannt daily
flutnatlt in the in>I,:n, as well a:. in the ratio
wer- ob-,,-,n ,-v-n dur~ng the winter season. This
flu•,•tn ,,aaion not relaiteii ignificantly to the
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environmental air temperature. The ratio of lower airway
iriltation indicated something interesting in the clinical
survey,

The quantitative analysis of air-pollutant was not done
in this present study so that it is difficult to discuss it
definitely at this present stage of the study !.n
relation to the environmental air pollution. But it is
quite suggestive that this higher incidence of bronchitis
in winter seasons is related to the environmental air pollution.

10. TIE FINAL, COIEN:

The proposed investigations on the eff'ects of air
pollution among Japanese civillian population were conducted
mainly focusing upon the pulmonary physiology. What we
have found will be summarized in the followirg comments:

a) METHODS Y'OR DETECTING THE OBSTRUCTIVE VENTILATORY
IMPAIR MNT:

The spirography, which is routinely used for the
epidemiological survey of the airborne bronchitis, is not
sensitive enough to detect any minor changes. FE7!%,
for example, has revealed some unavoidable error including
any subjects' individual difference. Theefore we have
given the 5% rejection limit for FEVl% in addition to its
mathematical mean. if we take this 5ý% rejection limit
for the diagncstlc cliteria the sensitivity 6f FEVM% for
detecting minor airway obstruction might be spoiled.

The best measure to detuct this minor changes
in the airway would be thD sr.ecigic airway conductance
measured by the body-plethysmographic method.

b) ARTERIAL ALVEOLAR NITROGEN TENSION DIFFERENCE TO DETECT
THE IMAIRED VENTILATION-PERFUSION RELATIONSHIPS IN
BRONCHITIC PATIENTS

The impaired alveolar gas exchange probably due to
airway obstruction in the bronchitics wore demonstrated.
The carbon monoxide pulmonary diffusing capacity may
routinely be used to detect the impaired overall
alveolar gas exchange.
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We have shown thG significance of this arterial( or
urinary)-alveolar nitrogen tension difference and also have
proposed the possible availability of this arterial
alveolar nitrogen tension difference for the pulmonary
function survey on the airborne pulmonary diseases. This
parameter was found more sensitive than FEVl%.

The authors are to emphasize the physiological
significance as well as the diagnostic importance of the
proposed impairment of alveolar gas exchange seen in the
bronchitic patients.

c) TIM FLUCTUATING INCIDENCE OF AIRBRONE BRONCHITIS?

The year-round clinitcal observations on the limited
population working in the Downtown Tokyc revealed high
incidence of bronchitis in the winter season. These
bronchitic patients did not complained any similar signs
and symptoms with those found in patients accompanied
by Tokyo-Yokohama asthma.

No evidence of showing any particultr relationships
with the cigarette smoking was found among these
bronchitic patients.
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STATISTICAL ANALYSIS OF 11th MEAN
OF ANNUAL VENTILATORY CHANGES

PULMONARY DISEASE vs. NORMAL

emnphysetra fibrosis

I C +

ERV +

MVV --

FEVi%

+ significanta~t 5Fi level

Table 33. Comparisonl of the annw*1 ventilatory
chanees of the chest patients with those of the
normal healthy.

ANNUAL VENTILATORY CHANGES

M a Ie ,Ht.16 5crn. Wt. 60 kg

no rinA ý I'cphvsern;ij f ibros is

bV~ ; C* 0 2 112 00

(L/-e. 0.4-" 0.50

Table 34. Annutl ventilatory changes represented
se the standard Japanese subject.
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Table 35. Ventilatory functions among 338 cases with
chronic bronchitis

VENTILATORY FUNCTIONS NO.OF CASES % INCIDENCE

normal 102 31

restrictive
impairment 41 .12

combined impairment 106 31

obstructive
impairment 89 26

total 338 100
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36.
Table •. Incidence of bronchitis and cigarette smoking(l)

APRIL-UNE, '67

lower airway upper airway without
irritation irritation irritation

heavy
smokers 8 6 12

Ssmokers 4 8 14

ex-smokers 2 5 9

non-smokers 12 19 23

total 26 38 58

Table 29. Incidence of bronchitis and cigarette smoking(2)

SEPT.-DEC. '67

lower airway upper airway without
irritation irritation irritation

heavy
smokers 12 9 6

smokers 7 4 8

ex-smokers 5 6 8

non-smokers 24 14 8

total 48 33 30
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