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One-second forced expiratory volumes ( FEVi..,) were measured for 12,500 men in 
New York City who were included in a snrvey of respiratory disease symptoms among 
postmen and transit workers. The study design and data on prc\·alencc of symptoms 
were given in an earlier report. Study of ventilatory function test results showed 
distinctive patterns with respect to agl\ smoking hahits. and respiratmy disease 
symptoms. One-seeond foreed expiratory volumes deecrt'ascd with age in all study 
groups; age-specific means were slightly higher for white than for non-white men: 
the lowest FEV, values were found among cigarette smokers, especially the heavy 
smokers, and the highest values were those of non-smokers or men without symptoms; 
, ariations in patterns of the deeline with agt·, as well as differences in age-specific 
mean FEV, Yalues, were evident arnmi_g groups of men reporting different symptoms 
of respiratory disease. 

·n1is second report of the New York City survey of respiratory disease among 
postal and transit workers presents the findings on vcntilatory function test mea­
surements. The basic design of the survey and the findings with respect to 
prevalence of respirato1y symptoms were prpsentcd by Denscn et al. in 1967, and 
an earlit'r report ( Dcnst'n et al., 1962) describt'd the prt'liminary organization for 
the study. 

Interviews of survey participants n·prcsenting 87.4\i'. of available postmen and 
Hl.8�{ of defined transit workers, were conducted over the period November 1961 
through August 196:3. The numbers of men interviewed in tht' two industry 
groups are shown in Table I which includes digihility criteria. In the transit 
worker group, where payroll titles as of a particular datt' ( Feb. 10, 1962) deter­
mi,wd eligibility, 427 "additional interviews" Wt·n° carried out with ml'n who had 
acquin·d the specified job titles het,ve('n tlw date of definition and the date of 
interview. For convenience, the total transit population thns obtained has bee11 
labeled the "interviewed" population, while the smaller total of men interviewed 
who were on the payroll Feb. 10, 1962, is called the ''deRnc<l" population. Analysis 
of int<·rview data showed that prevalence rates were very nearly the same for 

'This study was made possiblt> by USPHS Grant 011-0001:3. 
'Present address: Harvard University Center for Community Health and Medical Can,. 

2.5 ShattnC'k Stn·t>t. Boston, !\lass. 021 J.5. Address re(j\l('Sts for reprints to Ellt'n \V. JonPs. 
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TABLE T 

::-,; l'11BERS m' PORTA!. ANl.l TRANSlT \VoRKERR 8l'RVEYJsl) FOR PREVA!,ENCE o�· CHRONU: 
HESPIRA'I'ORY D1REAc\E, NEW YoRK C1TY, NovEMJrnR l!l61-Ar«F>''I' Hl63 

Total in �mvey group" 
Interviewed 
Not interviewed 

Additional interviewsb 

Total number interviewed 

P,mlal 
workers 

6,077 
i\,:rn1 

7114 

,,,:n:J 

TranHit 
workers 

8,440 
6,864 
1,.->76 

427 

7,ZHJ 

a Post office: Total defined as carriers and chauffenrs on the employment rnsters of the respective 
Htations and available for �tndy on the survey dates in the respective stations, including men off 
sick or refusing interview, and those missed for other reaRons: exrludes men on annnalortompem<a­
tory leave or on temporary assignment elsewhere. Trarn1it,: Total defined as all in payroll titles of 
motorman, surface line,-, operator, and smface lines dispatcher as of Feb. l ll, 1962. 

6 Number (in transit group) represents men in specified occupational ('ategories at time of inter­
view hut who were newlr employed (or acquired the tit.le) after Feh. 10, 1962. 

these two total populations, and the first report included all men interviewed. 
It has not been practical, hmvever, to repeat earlier tabulations of pulmonary 
function test data on the "defined" group in order to include the additional men; 
much of the material on transit workers in this report, therefore, is based on the 
defined population only. In all tables, small numbers of postal and transit 
workers, for \vhom information on specified parameters was incomplete, have 
been excluded. 

\1ETHODS AND PROCEDURES 

The measurement of pulmonary function obtained with the McKesson Vitalor 
was the 1-second forced expiratory volume (FEY"") defined as the volume of air 
which, after maximal inspiration, is forcibly expelled in 1 second. For each 
participant, an attempt was made to get two "successful" tests after one practice 
trial. Since low volumes could be the result of either insufficient effort on the part 
of the test subject or obstructive lung disease, the decision as to adequacy of 
performance was made by the technician at the time of the test, when he could 
assess by direct observation the participant's effort and adherence to propff 
technique. Visible lack of effort resulted in a request for additional expirations. 

The test result recorded for study purposes was the maximum volume obtained, 
regardless of sequence of attempts. This procedure is at variance with procedures 
used by some other investigators. Ferris and Anderson ( 1962) used the average 
of the last three of five test values and Holland et al. ( 1965) c.:onsistently recorded 
the value read from the second test after one practice trial without the machine. 
Study of samples from this survey, however, showed very little difference in 
findings derived from these different methods of handling the data. The slight 
variation upward or downward which comes from use of maximum test results or 
averaged test results is not of an order of magnitude to affect the interpretation 
of findings. This is in line with Bates' ( 1962) conclusions. 

Error in test results which could arise from failure of the participant to producl· 
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maximum flow at the start of the expiration" was investigated in detail for the 
first 1,198 tests completed in the survey ( Soland, 1962 mss.). Men in this group 
,vhosc tests were tentatively classified as "unsatisfactory" ( on the basis of curve 
readings) were found to be distributed on age and symptom prevalence similarly 
to those men whose tests were labeled "satisfactory." Since inclusion of these tests 
in thP final survPy results does not affect the distributions with respect to age and 
FEV,.,,, or symptom prevalence and FEV1 .,,, delayed production of maximum 
flow was not used as a cause for rejection of Vitalor tracings. 

HESLTLTS 

Results of ventilatory function tests are presented for each industry group by 
race, age, smoking pattern and sitting height measurements. For the sah of 
brevity, detailed findings on FEV ,.,, values and symptom prevalence are given 
only for the transit worker population; in general, findings with regard to these 
relationships were similar for postal and transit workers. 

Survey Group, Race and Age 

:\fajor findings of the analysis of FEV,.,, values by survey group, race, and age 
are that mean volumes decrease with age among both white and non-white men 
in the postal and transit groups, that tht:> age-race-specific mt>an volumes are 
similar for the two industry groups, but that volumes differ slightly for white 
and non-white men both as to absolute levels and as to rate of decrease with 
age ( Table II and Fig. I). The absolute values for white postmen range from 

'L\BLE II 

.:\IE.IN J.:.;i;<"O:SD Fom:BP EXPIRATORY Vor,l'.MB;-; (FEV, ,,J" FOil Pos'l'AL .\'>I> 
T1<,1x,-1T \VoRKEH.:s, BY HA('E A!'!ll Arn,: 

.\ge in 
years 

---� -- ·--· -· 
A II ages 

<40. total 
<:l,i 
:i:-,-:m 

40-4!! 
."iO- ii!J 

::::,60 

White 
··-·- -----

:'-iumher .:\lean 
t.ested FEV,0 

-1,mm ., 
'27 •) 

1,6:tl ;) ,i6 
\)J."i :{ 6X 
71X :J .43 

1,687 :>,.:W 
69() :2 S6 

7:l :2 ."il 

:\1011-white 
-------

l\' nm her 
tested 

l,WX 

6'!.X 
4'!.4 
'!.04 
:J:J4 
l!JO 
46 

-··- ----

:\Iea11 
FEV,.,, 

:; 06 

:l.'!.\J 
:1.:1s 
., 
,) II 

2. !l:l 
'!. 6S 
:2 .46 

Trn11,i I workers 

\Hite 
·------------

Xumlwr }lea11 
tested FEV,n 

;j ,'271 :i. JO 

x4:1 :\' ,,4 
:J07 :; 70 
."i:36 :l.4(l 

1,,'lkk ., :ZH •) 

'2,004 •) \JI 
.-,:36 •) --

- ',)/ 

Kon-whit.e 
·---------- -

:".'umber Mean 
tested FEV,.11 

·-- -------·-·-----

l ,H-l'!. ., I'!. •) 

\ll::l ::.:m 

4SR :l :m 
4•)C �·' :i l\l 

7:l4 ., 
04 •) 

:26S •) SI 
·)-�, '2 .. -,;; 

"The amount, of air (in liters) which, after a maximal in�piration, is foreihl_v expelled in l Kecoml. 
The test. re�ult recorded for ead1 man tested was the nrnximnrn volume obtained on either of two 
(or more) expirntions. 

" If the maximum flow rate (volume/time) does not oceur at the beginning of the expiration, 
an ''S-shaped" curve is produced, leading to uncertainty as to starting point on the time axis. 
If time is calculated from the actual start of the expiration, the FEV, u reading will be lower 
than it would be if time were eakulated from a point obtained hy projecting the maximum 
slope back to the horizontal axis. 



280 DENSEN, JONES, BASS, BREUER, AND REED 

4.5 +--+---+- -l--+---!----+----1--.1----l---l----l 
-.-Postal Workers-white 

4.0 +--+---+--!--+--+- - - Postal Workers non-white 
- -Transit Workers -white 

� · · · ·  Transit Workers non-white 
3 .5 +--+-�.--.C.:::,"�>j;· �?-<�-�-�-�+-�---. +�-..... ---1--+---+--+---+--+---l 

o 3.0-f--+----t-.:o.+-�+-c:-� . .  c-.. .. -4"" ... ....,.::-+-�--+--+----+---+-----l 
> ···· · - . � 
UJ ... .. ...  -�- - - - - -�' �  LL. ... .. f.:.·�' 
C 2 .5 +--+---+--l--+---!----+----1-'-""'<-----l---l----l 
"' 
<I) 

2 

2.0+--+--+--+--+---,--+---+--!--+--+-___, 
30 40 50 60 70 

Age 

Frc. l. Mean I -second forced expiratory volumes ( FEV, , )  for postal and transit workers, 
by race and age. 

3.68 liters for those under 35 years of age to 2.51 liters in the age group 60 and 
over; for white transit workers, the range is from 3.70 for those under 35 to 2.57 
in the oldest age group. The comparable ranges for non-white men are 3.38 to 
2.46 for postmen and 3.39 to 2.53 for transit workers. 

The white vs. non-white differences arc evident in Fig. 1, where the mean 
forced expiratory volumes are plotted on a logarithmic scale. Throughout the 
range of ages under 60 years, volumes are greater for white men than for non­
white men. Age-specific means decrease at a greater rate for white men than for 
non-white men, however, so that race differences observed in the group under 35 
years have almost disappeared in the oldest group, 60 years of age or more. 

Smoking Patterns 

Of the many variables with which ventilatory lung function may be associated. 
smoking exposures are of particular interest because of the effect of smoking 
habits on respiratory disease symptom prevalence. In the earlier report from this 
study ( Densen et al., 1967 ) ,  excessive prevalence of symptoms was shown to he 
associated with increased numbers of cigarettes smoked per day. A relationship 
hetween amounts smoked and forced expiratory volumes appears to he clear-cut 
also, as shown in Table IV and Fig. 2. In Table JV average one-second FEV1 .,, 

values are shown for white and non-,vhite men grouped by age and smoking 
category ( the numbers of men tested in each category are given in Table III ) .  
Data are given only for nonsmokers ( men who never smoked ) ,  those presently 
smoking cigarettes and no other form of tobacco, and those smoking pipes and/ or 
cigars to the exclusion of cigarettes. The groups of smokers are again subdivided 
according to the usual quantities smoked per day. In both Post Office and Transit 
groups, and in both races, there is evidence of a consistent difference, in all agt· 
groups, between average FEV, ..., values of nonsmokers and average FEV1 .0 values 
of heavy cigarette smokers, with the larger volumes obtained by nonsmokers. Test 
values for light cigarette smokers ( fewer than 15 cigarettes per day ) are very 
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TABLE IV 
MEAN 1-:--Ecmm FORCED EXPIRATORY VOLFMES (FEV1 .0) �'OR POSTAL AND TRANSIT WORKERS AccORD [NG TO 

SMOKING CATEGORY AND A1I0uNT SMOKED, BY RACE AND AGE 

!{ace and 
age 

Whit e  
Total numlwr i n  gro11µ 

All ages 
< :t-, 
::.t)-:3�J 
40-4\l 
,'i0-.3!1 
:2'.60 

Xon-white 
Tota{ 1111mlwr in yr011p 

.\ll rtges 
< :1,, 
3,"i--3\J 
40-49 
,j()-,j\j 

:2'.60 

Postal workers 
------ - ---

:\' onsmokers 

696 

3 . 4  
3 . 7  
3 , ;) 
. ,  . ,  
,::> . U  

:3 0 
2 . 7  

.'806 

•_) •) " - -
3 . 4  
3 2 
3 . 0  
2 . 8  
2 -_.") 

Cigarettes 
onlya (gm) 

< l."'i 

;305 

3.4 

:3 . ti 
;3 6 
') ') 
,) ,_) 

2 9 
(2 3 )  

226 

:3 . 1 
:l . 4  
:3 . 1  
2 . n  
2 . 7  

(2 4)  

1 .5-24 

861 

:3 . 3 
3 . 7  
;,; 3 
:3 . 1 
2 7 

(2 4) 

d22 

::L l 
3 .4 
:3 1 
2 9 
2 6 

(2 5)  

2ti+ 

81, , 

') •) ,, -

3 6 
3 . . .:, 

;) 1 

2 8 
(2 21 

10.'i 

3 . 0  
3 . 2  
;3. 1 
:3 () 
2 . 4  

(2 4) 

Mean FEV, .u 
- -�- - ---- · -- -�--

Cigars an<l/or 
p ipes only (gm) 

--- - ---

-

< L"'i l."i-24 2,i +  X onsmokers 

221 1 1 (] 

:3 3 :3 1 
;3 _ 7 I ;3 3 )  
3 fi 3 . 6  
:J 3 ;3 2 
2.H '2 . 8  

( 2  4 )  (2 8) 

64 .-i.'I 

2 . \) 2 8 
(:3 4 )  ( :-l  ,) I 
r n .  OJ (2  9)  
2 . 9  2 . 7  
::1 0 2 . \:i  

( 2  2 1 ( 3  0 1  

1 7J 

3 2 
3 9 
:3 _ 7 
•") q 
,) . 0 

3 . 0  
(2 . 6) 

22 

2 7 
(2 \J i 
( ::I 3 1  
(2 . 8 )  
( 2  6 )  
(2 . 3 ) 

656 

') ' l  ., .:, 

:i . 7 
;3 . 6 
;3 4 
::L 2 
2 . 8  

346 

') •) 
,) -

., -
,_) ,) 

:{ 2 
::1 1 
2 . 8  

( 2  4) 

-- � -

Transi t workers 

Cigaret tes 
onl:--" ( gm )  

< l,"'i 

I ' / 
,-;D-f 

< )  ' )  ., -

3 8 
., -
,) ,) 

., ') 
,) (J 

2 \J 
2 6 

,-J5S 

:l . 2 
3 4 
'l ') ,, -

:{ I 
2 8 
(2 9 )  

Li-24 

1 ,.-,.'1.j 

:3 l) 

:L 7 

:3 4 
;) 2 
2 8 
2 4 

:i70 

:i . 1 

;1 _ 4  
q ') 
, > ,  .... 

2 fl 
2 7 

(2 1 1  

2i:i+ 

8.40 

2 H 
. ,  -
,) . , )  

:J "± 
;) 1 

2 \:i 
2 :i 

1 1 ,  

:l . O  
•_) •) 
,_} , ...,  

::1. 1 
:i ( I  

2 7 

Figures in parenthe,es represent average FEV1 .o values based on fewer than 1 0  men teste . !  in the specified categories. 

Cigars a1 Jd/ur 
pipes only (gm ) 

- ---

< L'i 

260 

' ) •) ., -

( :3 8 1  
:\ 7 
:; 4-
') •) 
,) -

2 . n  

.'11 

;:� l 
1 :l I i  
;.� ;) 
') • )  " -
::1 . 0  

( 2  2 1  

Li-24 

1 78 

:i () 
( 4  I I 
., -
,_) , ) 

' )  • ) 
,) d 

:3 () 
2 .) 

iO 

;; I )  

1 :J 4 )  
( ;) :J ) 
;j 1 

2 7 

1 2  6 1  

25+ 

1 65 

:3 1 
1 ::i ,i i 
( :-l !) I 
;; 4 
:i 0 
2 7 

l2 

q •) ·> -

I :l l> I 
;) 1 

( :) 1 1  

" ;:lill(:e 1 gm of tobacco is the same as l cigarette, these amounts refer t o  fewer than J ,j cigarettes per day, 1 .,-24 eigarettes per da�·, and 2.i or more 
eigarel les per day, respectively. 

N, 
C/) 
l-0 

tj 

_z 

·_, 

�JJ 

> 
Jl 

tti 
::<j 
t"l 
C: 
t"l 
.:0 
> 
z 

::<j 
t"l 

0 



:FEV HESULTS IN A NEW YOHK CITY SURVEY 
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25+ gms/day 
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Age 

283 

Fie. 2. Mean 1-seeond foreed expiratory volumes ( FEV, o )  by age, for nonsmokers, and for 
eigarette smokers, aceon1ing to amount smoked per day: white transit workers. 

similar to those for nonsmokers; values for moderate cigarette smoh-rs ( 15-24 
per day ) in 12 out of 20 age-race-industry-specific categories under comparison 
are slightly lower than those for light smokers; and heavy cigarette smokers ( 25 
or more per clay ) have lower values than light smokers in 1 .5 of the 20 agc-race­
industry-specific groups. 

FEV, . , . values for cigar and pipe smokers appear to have no consistent rela­
tionship with amounts smoked, and are similar to the values for nonsmokers and 
light cigan°tte smokers. 

It is particularly interesting to not<' that thP decline of FEV 1 .,, values with 
age, and the slight difference in averages for white and non-white mm, noted in 
Table II and Fig. 1 ,  are still apparrnt regardless of smoking category and amount 
smoked. \Vithin each of the specifil,d smoking catcgori\'s. the decrease in test 
volumes with <lge is cvidl'nt; and within almost all of tlw age-smoking category­
specific groups, the average volume for white men is greater than that for non­
whi te. 

Tlw rate of decrease in FE\' i . 1 1  valm·s owr the age span is slightly greater for 
smokers than for nonsmoh•rs in both industrial groups and appears to he sonw­
what greater for !wavy smokt·rs than for nonsmokers and light smokers. Among 
whit<> transit \Vorkns the decrease in nw,rn volume lwtween the youngest ( under 
;35 years ) and the oldest ( 60 years and over ) age groups was 0.9 liters, or 24;{, for 
1 1onsmokers, L'3 liters, or ;3,5�., for rnotkratcly h eavy smokers ( J.5-24 gm per day ) 
and 1.2 liters, or :34� .  for heavy ( 2.5 gm or more p<T clay ) cigarc·tte smokers. A�c·­
speeific mean test volumes for tlwse groups of wh ite transit worh·rs are shown 
in Fig. 2. 

S ittin;.; J/eight and Age 

Since tlw 1-sceond forced expiratory volume is dependent to some ('Xtent on 
the total lung capacity, some measurement rdatcd to chest size has been con­
sidered important for comparison of FEV 1 . 1 1  values among population groups. In 
this. as in several other field studies, the measurement of sitting height has been 



TABLE V 
HEHRESSIO'.'; E\ll'.ATI O�S OF }'E\\ .o o:,.; Arn, A7'iD S!TT!NO HEHil-!T, AND ;\b;A:,.; VAT,UES 

OF TIIE PAR,UIETERS, l-'OR SPECIFIED C:nours OF' POSTAL ANI> 

TRANSIT \VoRKERS, BY R-1.cE 

Number '.\lean ;\lean }lean Hegression equation 
Population of age sitt. ht .  FEV 1 ." A = age in yearn 

group men (yr.) ( in . )  ( L I H "" �itting height in inches 

TOTAL 
White 

Postal 4 , 088 4 1  · "  ;34 . X  ;) . '27 FEV1 .o . o:Hii 0297 (A) + . 09!J,i ( H) 

Transit i\ OHi 49 . 0  :l,j 2 :l O!l FEV,,, . 9!Hi3 . O:J:38(A) + . 078l (H ., 

:\"onwhite 
Postal 1 ,  1H4 ;39 . :i :K 6 :i 06 FE\' 1 . 0  A,1 J J  . 0262(A) + . t :H4(11) 

Transit 1 , 6!)0 4 1 . 7 :34 . 7 :i . ()\) FE\'1 . , , . OOKl 024/i (A ) + 1 1 8/i (H i  

ASY�lPTOMATI(;« 
White 

Postal 1 , 06::l 4 1 .4 ;34 . s  ;3 ;34 FE\·, ." 1 . 2092 . 0269(A) + . <HJ::14 (1[) 

Transit 1 , .i4\J :iO ') 3/i . 1 ., 1 7  FEV, ,, 2 . 6443 . 03:3:3 (A) + 0628(H 1 •) ,) 

J:\ on-white 
Postal ::1 1 1  40 . 1 34 5 ;j . 08 FE\' 1 1, 2 . 0000 <l2::l(l(A) + . 1 2:lO(Il i 

Trnnsit /j()() 4 1 . 0 34 . 7  ::i '  11'1  FI�\' 1 .0 1 7 Hl 021 8(Al + 1 1 24 /H I  

1\'0X-SMOKE HS 
White 

Postal 68,i 4 1 . 0  34 . 7  3 . :!7 FEV1.u l .  186 1  - . 02,iO(A) + O!l22(H )  

Transit 620 48 7 3.5 . 1 :3 2n FE\',o 1 :mo . 0281 (A) + 087\J (H )  

Non-white 
Po�lal 204 :18 6 :34 . 6  :3 .  1 6  FE\'u, . 2647 02:3:\(A) + l(HJ8(Hi 

Transit 298 -10 . 8  :H. 7 ., 1 8  FEV, .n . U20 025.5(A) + ' 1 .'i>l l ( l l i  ,, 

CH t\.RETTl!! SMOKEHSh 

\Vhite 
Postal 2 , 340 40 . 0  :34 9 :3 26 FE\',o . 8 1\J6 . 082.'i(A) + . 107 l (H) 

Transit 2 ,·9-1 1 48 . 0  :1,i 2 a 01 FE\' 1 .0 4087 . (H78(A) + . O\l6fi (H i  

.:\'on-whit e  
Postal 768 as . ::1 :\4 6 :l . 08 FE\', n = ,i760 . 0288(Al + . t :H6(H) 

Trarrnit 1 , 04 1 4 1  (I :l4 . 6  :1 07 FE\. 1 .n = :3K41 - . 0288(A) + 1 1 1 6 (H I  

<2.-, gm/day 

Whi te 
Postal l , W2 :)B .  ;1 ;34 . 8  a :rn FE\', 11 96 10  - o:m9(AJ + . l 02 1 ( H) 

Transit 1 ,  92\J 48 . 2  :3,"> . 1 a .  o.i FE\' , " 2428 - n:n7(A) + . 1 0:lO(H)  

J\'011-white 
Post.al r;gl) ;:17 . \l 34 ,; ;3 0!) FE\',11 - 1  1208 - . 0296(A) + . l .i4,i ( lf )  

Trnnsit 891 40 . () 34 . 6  :{ m, l<'E\'1 11 = -103,i . 02!!6 (A) + . 1 1 22 ( 1 I l  

:2;:2:"> gm/day 
Whi t e  

Post.al 1 , 0:;s 40 s :3ii . 0 ::1 2 1  FEV1 .o :;.,08 03 12(A) + . l l :>8 ( 1 1 )  

Transit 1 , 0 1 1  47 f\ 3.� 2 2 !)4 FEV1 .o (\6:)6 - . o:n::1 (Al + . 0868 (H) 

\"01 1-white 
Pustal 16 1  40 . 0 :H 8 :1 . o:i FE\'c.o :,.;770 - 02:J\l(A) + . 0893 (H) 

Transit. 14H 4 1 . 8 ;34 8 :1 . ()() FEV1.0 = 02 l i  - 0224 (A) + . 1 126(H) 

" AsymptomntiC' men are t hose men who replied negat ively to all quest.inns about respiratory 
symptoms and recent history of chest illness (questionnaire i tems 1 21) .  

r Includes men smoking cigarettes plus other forms of tobacco. Inclnderl in the t.otals of these 
smokers are men for whom amounts were not report ed. 

284 
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usC'd as an index of lung size, as recommended for conduc:t of respiratory disease 
prevalence studies by the British Medical Research Council ( 1960 ) .  Accordingly, 
each study participant was seated on a Hat-topped stool against a wall and his 
length from seat to top of head measured ,tgainst ,l standard mounted on th<' 
wall. Measurements were recorded to the next lowest quarter inch. 

From the rl'gression (•quation of 1-sec:ond forced expiratory volumes on sitting 
height and age ( Table V) , the average inereast' in FEV 1 .o with increasing s itting 
height and the average decrease in FEV ' -" with age can be S<'r'n as similar for 
postal and transit workers. For exampk,, in the white postal group, the decrt>ase 
in FEV1 . "  values was ahout ,'30 cc per year of age, or 150 cc ( 0.1,5 liters) for 5 
Yl',US of agt'. Among whilP transit workers, tlw decrease was ahout 3-! cc per year, 
or 170 cc ( 0.17 liters ) for every ,5 years of age. In comparing the coefficients of 
the regression equation, it should be remembered that the agt' distributions of 
postal and transit workers differed, so that tlw transit age span on which the 
n·gression was calculated covl·rs an older range thau does the postal age span. 
This difference is reHcctcd in the mean agl'S, which are also shown in Tahk V. 

The increase in FEV, , , values with each inch of sitting height was about 100 cc 
( Cl. IO liters) for whi te postal employees and about 78 ec ( 0.08 liters ) for \\'bite 
transit \vorkers. For non-white men in both industries, the slope of the rt•grl'ssion 
of FEV,. 1 1  on stem length was steeper; FEV,.,, values increased hy 1:3 1 cc \\'ith 
each inch of sitting height of non-whit(, postnwn, and hy 119 ce for caC'h inch of 
sitting height of non-white transit workers. 

\\'ithin each of t}w four rncl·-indnstry subgroups, t11C'an sitting heights, and also 
nwan ages, were \'(•ry similar throughout the snhl'atvgories shown in Tal ile V for 
tlws,! groups; comparing race-industry subgroups with each other, white transit 
" orkcrs were rnns istently older. and with slightly longer sitting !wights, than th(' 
otlwr three ,groups of nwn. 

[n Table VL the regression equations of Tah lc \' are uS('d for calculating 

TABLJi: \ ' I  
,'-'L\ 's lJ.\ lW I ZEI J l -1'E! 'O'\ I )  l·'oRn: 1 1  FXl'JR.l'l'ORY \ 'orx:m::s ( JIE\'1" 1  H>l( 1'1 'El ' I J.' lt; I > l 'os'l'.\ L 

A'\ ] )  TRA'\1' 1T \YoHKEH1' .IT A,a: -1.-• .  \ '\ !) :-,I JTT I '\ ( ,  I l 1mnn OF :;.-. h! ' Jn:)-1 

Po:-;t al workl't';"s 

l\ 1pllla ( iu11 !(l'O\l\ J \\'hi I P  \ < > 1 1-whi \ <' \\'h i \ ,.· \ on-whit " 

Tot :d . ,  J S  '2 \ 1 ,'i " '2 1  ' >  
( I,-, ,) ,) . .  

,\��·mptoma\ il 's1' : ) . :27 , ,  o:; ·• 
:;-1 1 '2  , )  , ,  , )  

'\ � n 1�1nok(�r;--; ,) '2\! . . I ) ., · >  : ��} . ,  I \S , )  , )  • )  

( 'igarPt.{!, smoker,,. I o t a !· , ,  1 1  • )  !1-1 :; 1 1  • )  ! ) ! I . ,  
< :!,-, !(m/da:,· · •  

1 ,1 • )  \):, 
" I ;, ., 00 . .  , )  . .  

:.!,-, gm/day . , on •) \ ) ; )  : ;  l l:.! , , !).-. , )  

, ,  Call'u l : t t  t'd frum t lw regrt;,,sio11 equat io 1 1 s  i n  T:d ,k \ ' .  
' ' .\sympl omat i<· meu lll'P 1 ltosP n1Pn who rPp]i1•cl m•gn t ivl'ly to  al l  qllt>, t io1 1� ahoul n•spiratory 

,yrnp\oms and ll'< 'e t t l  h is \orr of dwst i l ln('ss i :\1 1 ( ( '  q t lt's ( ionnain• i t Prns I :.! I · .  
l Hl'ill([p� l!\Pll snl()k in{!; t•igarPt \ E'S plus n1 hPr forms of \ohat·<·" ; i 1 1, ·h1d1•d i 1 1  l l t(' \ < ll als of t lH's<' 

, 1 1 : 1 1 k 1·1·s an• rn<·1 1 f o r  whom amo11n f ., of 1 o l ,a , · , ·q w<•J'P no1 spe<' ifiPd .  
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expected FEV1.0 values for specified subgroups of thP study population at a 
standard age and sitting height ( 45 years and 35 inches ) .  Although differences in 
these means are not great, the numerical advantage ( of relatively high test 
values ) is with the asymptomatics and nonsmokers, as compared with the 
cigarette smokers, particularly those smoking more than two packages of ciga­
rettes per day. Another feature of this summary table is the consistency with 
which FEVu , values for non-white men, in both postal and transit groups, remain 
slightly below those for white men. 

Symptom Prevalence, Ventilatory Function and Age 

The relationship between ventilatory function and symptoms of respiratory 
disease, in the transit worker study population, has been explored further in 
three ways. First, in Tables VII and VIII, average I-second forced expiratory 

TAHU: VII 

:\1EA:', 1-8ECO'.\D FORCEil EXPIRATORY VOT,\TMEK (F'EV1 .o) FOR vVHITE TRA:"ifi!T WoRKERS 
AccORlJ!NG TO SPECIFIED SY�!PTO:m; AND AGE 

Age group 

:\11 

Sympt om" ages < ·10 40--H 4,i-4\l ,iO-:i4 ,'i.i-,i!l � 60 

'l'olal n11mber in yro11p 
A 1 1erage FEV1 .o of group 

Cough, A:>! ( l )  
Cough, day /nigh\ ( :1 I 
PerKistent, <'<mgh (G I  
Phlegm, A\! (tj) 
Phlegm, day/night (8) 
Per�i:,;tent phlegm ( LOI  
Exacerbations ( 1 21 >, (') 
Dy:,;pnea 2+ ( 1 4a) 
\Vheezing ( Fi )  
Wheezing w i th  ('()JJ,-; ( J ."'ia) 
Wheezing ;1part from <'old,- ( J :ih) 
Persistent wheezing ( l!"icJ 
Weather affects chest ( 1 7) 
Weather cause� dysp11ea ( l ifl 
Na:sal catarrh ( rn)  
Persis I ent na,al catarrh (20) 
Chest illnesses past ::\ :,'earR (2 1 )  
. -bthma (22) 
Hay fever (2:) 1 
Pensistent !'ongh and phleii;m ( .\ 10) 
Persist ent <'ong;h a 1 1d phlegm, 

cx:w.erhations ( ii, 10, 12b, c l  
PersiK l ent congh and phlegm, dppnea 

2+ (.i, 1(), 14a I 
Asymptomai ic 

ii,(J16 
,1 1 

2 . 8  
2 \) 
2 \i 
2 H 
;J () 

;1 ' () 

2 !i 
2 . !l 
2 . !l 
:Ui 
2 . 8  
2 . 6  
Lil 
2 6 
:i (I 
,) 0 
:u1 
2 6 
:l I 
2 S 
2 . 7  

'2 . 7  

,Ofl 

•J . , ) 

:J 4 
:J , 0  
., -
,) , )  

: i  4 

:l . 7 

,) ( )  

:{ ' ,, 

'' Numbers following Kymptoms are questionnaire item numbers. 

1 ,03/1 
,) . 2  

2 !) 
::, . o  
:i () 
;3 () 
:u 
:i . n 
:i l 
2 . !l 
>J O 
:l . O  
'.Ul 
:cl . X  

2 !J 
2 . 7  
. ,  I 
:L I 
:L I 
2 .  !I 
,) ,) 

2 H 
2 !l 

2 7 

') ') 
,) •) 

2 . 7  
2 . S  
2 . 8  
2 . 8  
2 l) 
2 . \1 
2 . 7  
2 . 8  
2 . 8  
2 _ :,;  
2 . 7  
2 6 
2 . 7  
2 . 4  
2 !) 
:; . o  
2 . !i 
2 . li 
; � . I 
2 7 
� , )  

2 , 6  

:_\ , I 

!/62 
:! . 8  

2 ' ;j 
:.! . 6  
2 6 
2 . 6  
2 6 
2 6 
2 6 
2 . 6  
2 {l 
2 ;; 
� . t) 
2 :l 
2 . !i 
2 . 4  
2 . 7  
2 . 7  
2 . 7  
2 '  :J 
2 . fi 

522 
2 . 6  

2 4 

2 . 4  
2 . 4  
2 . 4  
2 . 4  
2 . ::\ 

2 . :l 
2 . 2  
2 .  I 
:.u 
2 I 
'}. t1 
2 4 
2 . 4  
l .  s 

2 . 2  
2 2 

2 .  I 

2 7 
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TABLE \'III  

M E A N  1-SEco:s.v FoRcEv EXPIRATORY You;ME� ( FEV1.0l FOR XoNWH ITE TRA:S.:-\lT 

\YoRKERf< AccoRm:s.r; TO 8PEc1Fn:v SY1fPTow, ,\:S. D  Arm 

\ll 

i'.lympt01n'' age, 
��----�--

Total number in yroup l /i.'10 

A i•erage FEV1.o in group .-/ I 

Cough, AM ( 11 :2 !I 

Congh, day /night ( :>I :ui 
l'er�istent cough (.,) 

., () ,) 

Phlegm, AM (6) : \ . 0  
Phlegm, day /night ( S J  . ,  

,) 

Per�istent phlPgm / 10) . , I ,) 

Exaeerhation, ( l :ll>,c · )  . ,  ( )  , )  

Dyspnea 2+ / 14al . ,  ( )  ,) 

Wheezing ( Vi )  . ,  ( )  . . 

WhePzing with cold, ( 15a) . ,  
( )  , )  

Wheezing apart from coldR ( l .i\ , J  :l 7 
l'ersi,tent wheezing ( 15c) :.Ul 

Weather affert, chest ( 17) :l . i'\  

Weather causes dyspnea ( 1 7f )  2 . X  
N asal <'atarrh ( 1 8 1  . ,  

, )  

Persistent nasal r·a t 1,rrh /:JO) ., 
,) l 

( '.hes( il lnes�t"s past, ;; years ( 2 1  I ., ( )  , J  

Asthma (22 )  :2 s 

Hay fever (2: l J  . ,  1 , )  

Persistent <'ollgh and phlegm (;i, 1 1 1 1  . ,  
() •) 

J',•rsist en t <·rn 1gh and phlegm, . , 
( )  , )  

t>X,H't"rlmt io11, ( :), 10, l:!b,(· \ 

l'er,i,tent cough nud phleg:m, d�·sp11ea •) !J 
:J+ I .\ 1 0, 1411 1 

A .,ympt omat i 1 ·  .. 
•) 

.\gp group 

<40 40-44 
. -----·  

li.'18 

, ;  .1 

:J :2 
., 
,) :l 
., ,, . 

;{ 
., 
.. 

•) 
,) ;{ 
. ,  ., 
, )  ,) 

•) 
, )  

•) 

., •) 

.. 

:1 :l 
;) . 1 
•) •) •) . ...  
., 
• }  

., l ,) 

;; I 

::Ul 
., ,, 
,) ,) 

., 2 , )  

:l :z 
. ,  . ,  
, )  . . 

: ;  • )  

•) ., , , · •  

: ;  l 

· •  
, )  . ,  

-----

:�0/j 

,) . 1 

:; o 
') ,, () 

:i . o  

;{ 0 
:1 . 0 
., 
,) 1 
2 . n  
:? \) 
:l . \l 
; \ , () 
:? . S  

·2 (\ 

:? 7 

•) :-,; 
. ,  

() ,) 

., 1 
2 . n  
•)  7 
:! 9 
:u> 

2 ! I  

• )  ! I  

. ,  :! , )  

4,-1-4\) .-,o-,'i4 
- --- ------

.?HI 18/i 

.) () 2 . :i  

•) 7 ( :2 6) 

:l !) :l . 7  
:? \J :l (j 
:l \) •) -- .  I 
. ,  •) -
, ) . - .  I 

. ,  0 •) -., - ·  I 

:: . o  :l s 
:l \l 2 7 
:l \ I  :l . 7  
:? . n  • )  7 
:? 7 :? s 
::: \) :? s 
2 s '2 .  7 
:! s :Ul 

:u1 :? s 
., 1 2 s ,) 

:L O :J . S  
• ) •) :! :J 
. , ( I  :! k • >  

. ,  u :l {\ ,) 

·> •) •) I'\ ,) 

• ) ! l  • )  ti 

• )  ! I  

.-,.-,-,-,!I ::C, t\( ) 

t'"8 :!fi 

2 . 8  2 f, 

( :2  ti) (:2 O I  
:l (j (:l 4) 
:l (j ( :l . :l l  
:l 6 (:l :?) 
:l . , ) 1 2  :) ) 
•) -.... .  , )  1 2  .-, I 

2 . S  ( I  l l  
:l s ( :l :l l 
2 li :l 4 
• )  7 (:l : \ ) 

( :2  ,) ) (:? :", ) 

( :.Li 1 (2 (l) 
( :l  ,l ) (:2 . 2 1  
(2 7 1  ( :l l l  
( :!  ti) ( :!  ;� ) 
( 2  7 )  ( :l  :! )  

( :J  m I :!  2) 
(:Z ti l ( :l ;J I 
( :l  !l l ( :! 4 1  
( 2  . .  -, 1 ( :l  2 )  
( 2  fi l ( l  I )  

( :!  -t i i i  l l  

•) !l :! 7 

. , :\ umber, following symptoms are ques1ion1111ire i tem 1 1 1 1mhers. Figure, i n  parPn1 heses r<"prPsent 
mPan FEV1" values h11sed on fewer than 10  men . 

volumes art' shown according to age-group for men who reported having specified 
svmptoms. Second, in Tables IX and X, the prevalence of symptoms is shown for 
men in specified FEY 1 .0 categories; and third, in Tables XI and XII, symptom 
prevalence data arc given for men with FEV 1 . "  values described in terms of 
deviations from group means. Each of these ways of looking at the data has 
pertinence for identification of individuals at risk of chronic respiratory disability, 
sinc:t· they relate to the sensitivity and specificity of the measures employed. 

Looking first at the data for white transit workers ( in Table VII ) ,  the group 
of men with the lowest {0xpiratory volumes, in almost all of the age categories 
shown, are those who reported having asthma. Low volumes ar{' also sc'en for 
groups reporting wheezing, dyspnca caused by ,veather conditions, and persistent 
cough and phlegm in combination with other symptoms. In fact, age-specific 
FEV , " values are he low the averages for this study population for groups of men 
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T\BLE lX 
PR�;VALEN('E OF l l EKPIR.\TORY SY1IP'rO�IS A;\IO); ( ;  T1u:,,;,wr \\'c.mK1;rn:,; . .\.mis 40-4\l 

BY HAcE AND FEV1 .o GR01 :p  

FEV1 ,, 

\\' h i t P  '.\/011-white 

:! it- ' )  0- :! . .  )- :J .0-•) 

Symptorn" <:! ,) :Ul ;; . 4  > ') " ,j < :.! . ,i :! . 9  ;3 . 4  2:3 . .5 

'l'otal ,wmlu:r in group 12!1 :-lf/6 h'83 654 80 223 251 148 

Cough, AM ( 1 1  ;l7 :! :2>� . ;l I x  ll l l  :! 1 7  . .  14 . 3  1 1 . 6 9 . 5  
Cough, day/night ( :11 :n . :.l 24 •> :!O . 9 1 4  ii ,)- - 27 . 8  24 ;3 20 . 9  , )  _ , . , l  

Pe18istent cough ( : ii :l,) . 7 2:) . '2 1 \) ., 1 1  9 :! 1  :J 1:3 . 9 16. ::i 14 . 2  , )  

Phlegm, AM (6) 4 1  l 2H . l 22 8 16 . :!  2:i . x  27 . 4  2 1 . 5 1 9 . 6  
Phlegm, day/11igh1 (X I  :18 . 0 27 . H  2,i 6 21 . :3 :MU� :!6 . ii  :m . :1 26 . 4  
Persi8tent phlegm, (1()) ;)7 . 2  �::l . S  :!O . ,> ] ;j l 20 . 0  1 8  . 4  20 . 7  20 . 3  

Exacerbations ( l :!h,<') 11 . ::1 8 ;j 8 . li :i . () 10 .0  1 1 .  2 \) :! 5 . 4  
Dy�pnea 2 +  ( 14a) ;)\) ;j 2:i . 4  20 (l t :L :1 2<1 . :l 1 \1 . 8  1 7  .5 1 1 ..':i 
\\'heezi1112: ( 1;, I 40 . :l :-t.? ' ,) :.!6 (l 17 . !l 48.  8 ;3fj . :) 29 . 5  1 9 . 6  
Wb(•ezing whit colds ( J;:,a,1 M . I "27 . (> 2:1 I 1 :i .  7 4:1 . S  :3:! . 7 28 . :1 18 .9  
Wheezing apart from <'old, ( I iii ,  I 20 :! 14 2 \) I ;j :; l ,i . () 1 1  2 7 . 6  I 4 
Per,i:,;te11t wheezing ( J ;jc) 1 4  7 4 4 :2 X l . S  ,-, . 0  4 . \l 1 .  2 1 . 4 
Weather affech chest I 1 7 )  :.?O . \l 10 . H (j (\ 4 4 J:3 . 8 7 (j 4 ( )  :1 . 4  
We:t.t her ea11,es ily,pnea (171' 1  ] '·' •)  ,) . - 4 . 4  :.! ( )  1 .  :! ;j ( )  I ;3 2 S () 7 
;\' asal cat:ll'rh ( L'-; J  :H H 2:l . ), :.!,'-; I :.! l .  !l ;JO . O  :2:i . I 2.-) 1 22 . ;J 
Persi,1 enL mtcal 1·at :urh ( :21) )  :2•1 ( I  1 :; 7 1 .-) H 1 4  :! I l 

• >  1 1  :2 ] ;i , ;i  l l f> ,) 

Chest i l l 1 1e,sr, pact. ;.; years (:! I i  :24 ( I  :!ll s I S . 0  l ;i ( ) :.rn , )  17 . 0  l !l ;i I :l . ,-, 

.ht hma (:!21 7 I )  • )  -� . 1 :2 , ,  1 . 1  1 1 . : ; •l () I :2 1 . 4  
Hay fevPr 12:i 1 t )  s ti X .-, \l 7 I) 1 0  () S.  I ;j ti ;j 4 
Persis 1e1 1 1  <'ongh and phlegm ( ;i, 11 1 1  :;1 1 . 2  1.-, I i  I:! I )  li . 4  I ,-1 ( )  \ j  () 10 s 10 . I 
Persist ent m11gh mid phlegm, aud (i 2 ') -

- I , )  7 ( )  ti :.! ;j 2 ( )  2 . 7  
PX:H'erha 1 ions (_.i, 10, 1 :!h,<·) 

Persi�tent ,·ongh am! phlegm, und I S  ti 7 4 :, ( )  I i 7 , l  :2 7 4 . X  I " 

dyspnPa 2+ I ;i, 10,  I4al  

" X11ml ,ns followi11g s�•mp1 mns are q11e, t io1 1 1 1aire i t Pm nnrnlwrs. 

reporting any of the specified symptoms with a single l"xception : men who said 
they had hay fever have FEV 1 . 1 1  values which are similar to the total group aver­
ages and, at ages 45-54 years, arc the same as the FEV' ·" values of men who 
reported none of the listed symptoms. For this last group of asymptomatic men .  
every age-specific FEV 1 . 1 1  value is higher than the corresponding mean for tlw 
whole group. 

Even in the asymptomatic group, where absolute mean values are high, tlw 
expiratory volumes decline with age. The decrease with age occurs in all symp­
tom categories, but is more marked in some than in others. The greatest change 
pinpoints again the group with asthma, among which the average volume for men 
60 years of age and over ( 1.8 liters ) is 40% lower than the average volume ( ,'3 .0 
liters ) for men under 40. The other symptom groups in which age-specific mean 
values were low arc also characterized hy grl'atcr decrease with age than 1\ 
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'L\BU: X 

PREVALE'.'>;CE OF H.�]Rl' I RATORY 8YJ1,! P'ro�1s A �-!O'W TRA .'\Sl'I' \\'cmKER,; . .\, ;g,; 50-fi\) 
BY HAC1'i A '.'< ll FEV1 . o < l ROt : 1' 

FEV1 .o  

\Yhi te  Xon-whit.e 

2 .  :i - :: 0-

289 

8ymplolll" <2 .·, 2 !l :J 4 ;:,: :1 . :, <2 ,, 2 ll :J . 4  2: Li 

Total numnrr in gro11p 

(), ,ugh, AM 

,').')2 fi!l7' 62:i ,J,i:2 112 JOO 81 21 

Cough, day/night (8) 
Persistent, cough {;"i ) 
Phlegm, AM (6) 
Phlegm, day/night (81 
Persistent phlegm ( lOJ 
�;x:,cerbat.ions ( l:2b,e) 
Dyspnea 2 +  ( 1 4a l  
\Vheezing ( 1  :i )  
Wheezing with cold;; ( lSaJ 
Wheezing apart from colds ( J ."ib) 
Per,istent wheezing ( 1 .'ic) 
Weather affec:ts chest (17) 

W eat.her <'anses dy�pnea ( 17f) 
'-i nsal eat.arrh ( 18 )  
Persistent nasal cat,arrh (20) 
Chest illnesses past, :1 years (21) 
.\sthma (22 1 
Hay fever (,!:J I 
l'ernisten t .  cough and phlegm (!i, JO I 
l '('rsiste11t cough irnd phlegm, and 

Pxacprhations (,'i, 1 0, 12b,c) 
l 'Prsistent eough and ph!Pgm, and 

dyspnea 2+ (.i, 10, 14a) 

;;4 \) 
::10 . !l 
:n . 4  
:)2 . 4  
2!l . 8  
27 :i 
12 . 0 
32 . 1  
:\3 . 7 
W I  
r n  x 

9 , 7  
1;3 . ;1 
8 . 2  

27 . 8  
1 :J :l 
17 . 3 
4 . :--: 
t U  

2 1 . 2 
�) 

12 2 

l!l 4 1 4  9 
1 1  4 1 r) 7 
l ;i  . 9  1 .·) , :i 
2 1  \l 17 . H  
17 . 4  1 7 . 8  
l ii . 6  1 1  n 
7 9 4 . 2  

20 . 4  1 8 .  2 
2 1 . 8  1 7  , \l 
1 8 . 4  lii . O  
iU 6 1 
:) 4 :>, () 
6 .  9 6 1 
2 8 1 \j 

2:3 . 8 20 . 8  
1 1 . 4  j ') •) 

J :L 2  1 1  ,i 
2 :l 1 . G 
8 . 4  8 . 8  

1 0  4 H . O  
:1 2 I I 

\l , I  
l:Ul 
8 . 5  

1 2 .  ;3 
1 4 . :3  
1 0  8 
;i 8 

1 1  1 
J I  . 4  
! J . 0 
,) . , }  

2 ;>, 
:.Ul 
0 . \) 

1 8  . 4  
9 . 4. 

1 :-1 . 2 
I :2 
\) ' t) 
4 . 4  
I '2 

2 () 

" Numhprs following Bympt oms arP quest ionnaire i t l'm numbers. 

l !l . 4  
:):3 \) 
22 . 6  
2(1 . 0  
:rn . 7 
29 0 

11 .  l 
1 4  :; 
4 1 \l 
4 1 . n  

8 ,  1 
:l . 2 
\) 7 
3 . 2  

2G . 8  
1 2 . \l 
16 . 1 
8 .  1 
8 . 1  

16 I 
4 8 

ti i', 

1 1 .  0 1 1  I 
27 0 22 . 2  
1 G .  0 1 2  :3 
1 2  0 l !l . 8  
2Ji O 22 . 2  
1 5 . 0  1 :) 6  
1 0 . 0 I :3 .  6 
1 4 . 0 I 1 I 
27 ,0 2:3 ;, 
26 . 0 21 0 
10 . 0  ·UJ 
fi . O :i 7 

10 . 0  :-u 

;3 _ 0 2 ;i 
26 .0  22 . 2  
1 2  . 0  \l !) 
1 2  0 I ll 8 
:Ul l 2 
8 . 0  7 . 4  
\l O 8 . 6  
4 0 :1 7 

0 . 0  
2:3 . 8  

0 . 0  
H . 5  

Hl {) 
1 4 .  ;3 

() () 

14 . 8  
2::1 .  8 
2:3 8 
4 . 8  
4 . 8  
4 . 8  
4 . 8  

1\)()  
14 , :; 
14 :3 
0 , 0  
\) Ji 
0 . 0  
( )  ( )  

0 () 

shown by the whole study group; namely, the groups reporting wheezing, 
dyspnea caused by adverse weather, and persistent cough and phlegm in com­
bination with dyspnea. Generally speaking, the men with chest-related symptoms 
appear to have lmver FEV 1 .o values, and to exhibit a greater change in expir('d 
volumes with increasing age, than do the groups reporting symptoms primarily 
related to the nasal passag('s. These differences are evident in Fig. 3, where age­
specific means are shmvn for symptom categories \Vhich demonstrate the varia­
t ion in patterns. 

The relationships and patterns described above are less dearly marked for 
non-white transit workers ( Table VIII) than they are for the white. It is interest­
ing to sec that the non-white men in this industry group have FEV1 .0 values 
which, again, are lower than those' for the white worhrs, that show less variation 
across the au;e range, and that also vary less within specific ages for mt>n with 
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Fie. 3. Mean 1-second forced expiratory volumes ( FEV, ") for white transit workers in 
specified symptom categories, by age. 

specified symptoms, even those most directly related to the chest. In some of the 
subgroups shown, however, the numbers of non-white men tested are small. 

In Tables IX and X, the axes have been reversed in order to show symptom­
prevalence rates for men with specified forced expiratory volumes. Because of 
the strong correlation between age and lung-function test measurements, the data 
are given separately for two age-groups, 40-49 years, and 50-59 years. Among 
both white and non-white men in the younger age group, and among white men 
in the older group, the association between high prevalence of symptoms and 
low expiratory volumes, and, conversely, low symptom prevalence and relatively 
high expiratory volumes, is evident. The most marked gradients in symptom 
prevalence hC:'tween men with FEV, . n values under 2.5 liters and those with 
values of 3. ,5 liters or more occur in all three study groups among men reporting 
wheezing, asthma, adverse effects of weather, and persistent cough and phlegm, 
in combination with other symptoms. In general also, prevalence rates of other 
chest-related symptoms are two or three times as great among men with FEV 1 . " 

values under 2.5 liters as they are among men with values of 3.5 or more. For 
example, prevalence of cough reported by these men, whether in the morning, or 
during the day or night, or persistent at any time for three months of the year, 
is strongly associated with FEV1 .11 level. Moreowr, among the white men, the 
difference between prevalence of phlegm or shortness of breath for "low" and 
"high" FEV groups, is only slightly less than that observed for persistent cough. 

The relationship between symptom prevalence and forced expiratory volumes 
has been considered thus far with respect to race and age only. This is a practical 
and perhaps adequate way of characterizing large groups of people, since the 
effect on FEV 1.o of variations in sitting height is small compared with that of age. 
Even with the relatively large numbers of mm in the industrial groups of this 
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study it was not practical to snhlivide the study populations further into sub­
groups of sitting heights. Some otlwr technique was needed to summarize tht· 
data for each race-industry study group on the four criteria, ventilatory function, 
symptom prevalence, age, and sitting height. The method chosen was basically 
that of comparing each man's observed FEV u value with a standard, or 
"expected" value for "normal" men of his own race, age, and sitting height class, 
and noting the sizt' and the direction of the d ifference. Thus, deviations from 
normal FEV1 . o  values, preadjusted for age and sitting height, provide anotlwr 
indt'X for examining relationships between symptom prevalence and ventilatory 
function within each race subgroup. For Tables XI and XII, "expected'' values 
were obtained by inserting the specified ages and sitting heights in the regressiou 
t•quations for asymptomatic men of the appropriate race and industry group. 
Final classification of differences between "observed" and "expected" volumes 
was based on absolute differences between the two values. Differences could 
have been related to expected values in terms of percentages ( or multiples of 
standard error, etc. ) .  This would bring about a slight intergroup rearrangement 
of men, since any given deviation is of less importance, pcrcentagewise, for large 
volumes than it is for small. Since no more authority exists for equating percent­
age deviations \Vith clinical significance than for t'quating absolute differences 
with it, this is a moot point. 

In the tables referred to, observed volumes less than expected are separated 
from those greater than expected by a group varying from the expected by no 
more than one-tenth of a liter and which is described as a minimal difference. 
This characterization is based on experience with the instrumentation and with 
observer variation in reading values from the graphs. 

In general, the picture presented by the data in Tables XI and XII is simi lar 
to that in the previous set; as the observed FEV t.o values drop away more and 
mon' from the expected, prevalence of symptoms increases. In fact, this tendency 
appt'ars to begin with the group of values with maximal differences a!Jove th<' 
expected and to continue across the range of deviations. These findings are 
of interest from the epidemiologic standpoint. The difference in prevalenc!' 
pvrcentages is not a dear-cut distinction between ·'sick" and "well" adults, hut 
one which becomes increasingly evident with dcereasing volume measurements. 
Along the scale of decreasing FEV1 . , ,  values, thne would he a critical point, 
sp<'cific for each age ( and size ) group, below which significant numbers of nwn 
would he found to have clinical symptoms of obstructive lung disease. vVlwtlwr 
those with relatively high FEV,, ,  values who nevertheless have clinical symptoms 
arc a group in the early' stages of the disease, also whether those with low value� 
and no symptoms arl' a group with some other type of disease•, would lw 
interesting quest ions to pursm'. 

DISCUSSI< ):,..; 

Lung function tests, performed as one of the procedures in this survl'Y of New 
York City postal and transit workers, provided basic descriptive data of the men 
as a total population and also revealed distinctive pattems with respect to smok­
ing and to rl'spiratory disease symptoms. To summarize th<'se findings : I -secoml 
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forced expiratory valunws decreased with age in all stndy groups; age-specific 
mean FEV 1 . , valut's were slightly higher for white than for non-white men, and 
these differences were maintained within comparable smoking categories and when 
the study groups were standardize d for sitting height measurements; the lowest 
values were found among cigarette smokers, especially the heavy smokers, and 
the highest volumes were those of nonsmokers or men without symptoms; and 
variations in patterns of the declint' with age, as wel l as differences in age­
specific mc;m FEV 1 . , .  values, were evident among: groups of ml'n reporting 
specified symptoms of respiratory disease. 

The decrease with age in forced expiratory volumes among all subcategories 
of the study groups is consistent with findings in other studies. In the New York 
City groups, however, the rate of decline appeared to be different for the white 
and non-white men. Although average volumes in the age group under 35 years 
wer(;' .300 cc· gre,.1tl'r for white than for the non-white, this race difference was 
diminished to only .SO cc in the age group 60 years of age and over. 

The data associating impaired ventilatm y function with heavy cigarette con­
sumption point again to the role of cigarette smoking in respiratory disease which 
was commented upon in the previous report of this survey dealing with respira­
tory disease symptoms ( Densen et al. , 1967 ) .  The possible role of other agents is 
less clear. This is partly because of the marked association between indices of 
disease and cigarette use and the fact that so many individuals in the study popu­
lation were cigarette users; even \Vith the large populations included in th is 
study, the numbers of nonsmokers in specific categories became very small when 
two or more additional variables were considered. 

In comparisons of lung-function tests and symptom prevalence, percentages of 
men with symptoms were greater for those with lowest FEV1 . n  values than for 
those with high values. It was not surprising to flnd strong associations between 
low FEV 1 . 1 ,  values and such symptoms as wheezing, shortness of breath, and ef­
fects of weather on chest symptoms since these symptoms. as the test itself, relate 
directly to impaired pulmonary ventilation. 

It is in the symptom categories of cough and phlegm that a curious phenom­
enon appears. In the previously reported analysis of symptom prevalence of 
these men ( Densen et al., 1967 ) ,  prevalence of cough and phlegm was found to 
increase with increasing numbers of cigan·ttes smoked daily but there was no 
marked age effect on prevalenc<' of these symptoms. On the other hand, FEV 1 , 1 ,  

values, also associated with both cigarette smoking and with these symptoms, are 
themselves affected by age. The fact that age as a variable appears to operate 
differently on symptom-prevalence data and on ventilatory-function-test meas­
urements may be one of the reasons that respiratory symptoms are reported in 
the absence of impaired function and, conversely, impaired function appears in 
the absence of symptoms. Other important factors in the relationship between 
function and occurrence of symptoms are the effects of smoking, per se, and the 
precision of the instruments of measurement. For interpreting data on pulmonary 

function tests and for determining standards it ,vould he important to know if 
smoking ( and, if so, at ,vhat level of consumption ) 10\vers forced expiratory 
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volumes without produc-ing symptoms. Olsen and Gilson ( 1960 ) have observed 
low FEY, . , ,  values among smokt'rs without evidence of chronic respiratory disease. 

Despite tlw nrnltiplidty of factors which hear on all of the parameters studied. 
it was ncvcrthdcss true that men in the New York City study with FEY1 . o  values 
und<'r 2 .. 5 l itns reported greater prevalence of symptoms of chronic respiratory 
dis(•asc than did men with Yalucs abm c that volum(', and tlw differences in 
prevalence W('JT particularly nrnrkt-·cl among wh ite men with FEY '" values under 
:2 .• 5 ancl those with valun of 3.,5 or more . Furthermore. when observed vain(', 
wen· compared ·with "e\pn'tcd" values ( h,tsed on rl'grcssion equations ) for each 
race-industry group. men " ith ohser\'cd \'alues exceeding expcct('d by more than 
l litn appearl'cl to be p,1rticularly syrnptom-fn:'( ' .  Consistent with these findings 
was tlw fact that average agc-spccifie FEV 1 . , ,  va lues for men with cough and 
phlegm wen• lmn'r than corrcspondin:c: \'alu('s for men \\'ithout the symptom . 
Pinpointing the ('\ad r('lationship hct\\T(·n progression of rl'spiratory symptoms 
and deterioration of , , c ·ntilatory function, and the role of age, race. smoking 
habits, and other environmental factors. 1 11ay depend on development of more 
scnsitivl' tvsting mechanisms, but will certainly clcpcncl on observations of large 
num bcrs of individuals with known characteristics over a pniod of years. 

To summarize tlw contrasting finding\ for white and nonwhite men in these 
study populations of postal workers and transit workers, symptom prevalence in 
gcnl'ral appeared to he hi :2;hcr among \\'h itc men and forced expiratory volumes 
\\'en• also slightly h igher for \vhitc m('n than for non-white mrn. Since i l  is llw 
pn·Yal<'nl'< ' of symptoms and low t('st results wh ich arc taken to he indicat ive of 
chronic respiratory disease this apparl'nt contradiction in findings suggests the 
possiliil ity that the data from tht·sc• two sources ma�, not have the sam(' signifi­
l',l11Cl ' for thl '  two racial groups. Consist(·nt with th<' findings on symptoms arc 
the mortality statistics which sho\\' that death rates frorn chronic bronch itis and 
l'mphYscrna in �cw York C i ty arc cons iderably higher for white m ales thau they 
ar(' for other male:-,. The possihil ity that differcnc(·s in vcntiLltory function 
nwasltr( 'lll('llts an· associated with anatomic differences in thl' two races, or that 
the d i fferential in pn·s('llCl' of symptoms is related to difkn·m'('S in s11sccptihi lity, 
ought to he ( •x,n1 1 inl'cl further. Discm n� of rl'al diff('n·m·('S hct\n•en the two 
groups could prnvick d w ·, to thl' pdthog: ·1 1(·, i s  of ch ronic r('sp iratorv disc:i� c · .  
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