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One-second forced espiratory volumes (FEV..) were measured for 12,500 men in
New York City who were included in a survey of respiratory disease symptoms among
postmen and transit workers. The study design and data on prevalence of symptoms
were given in an earlier report. Study of ventilatory function test results showed
distinetive patterns with respect to age, smoking habits, and respiratory disease
symptoms. One-second forced expiratory volumes decreased 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;
variations in patterns of the decline with age, as well as differences in age-specific
mean FEV; values, were evident among groups of men reporting different symptoms
of respiratory discase.

This second report of the New York City survey of respiratory discase among
postal and transit workers presents the findings on ventilatory function test mea-
surements. The Dbasic design of the survey and the findings with respect to
prevalence of respiratory symptoms were presented by Densen et al. in 1967, and
an earlier report (Densen et al., 1962) described the preliminary organization for
the study.

Interviews of survey participants representing 87.4% of available postmen and
51.3% of defined transit workers, were conducted over the period November 1961
through August 1963. The numbers of men interviewed in the two industry
groups are shown in Table I which includes eligibility criteria. In the transit
worker group, where payroll titles as of a particular date (Feb. 10, 1962) deter-
mined eligibility, 427 “additional interviews™ were carried out with men who had
acquired the specified job titles between the date of definition and the date of
interview. For convenience, the total transit population thus obtained has been
labeled the “interviewed” population, while the smaller total of men interviewed
who were on the payroll Feb. 10, 1862, is called the “defined” population. Analysis
of interview data showed that prevalence rates were verv ncarly the same for

' This study was made possible by USPHS Grant OH-00013.

* Present address: Harvard University Center for Community Health and Medical Care.
25 Shattuck Street, Boston, Mass. 02115, Address requests for reprints to Ellen W. Jones.
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278 DENSEN, JONES, BASS, BREUER, AND REED

TABLE T
Nuvegrs or Postal anp Transit WORKERS SURVEYED FOR PREVALENCE or CHRONIC
YESPIRATORY DI1sEASE, NEW YORK City, NOVEMBER 1961-Avcust 1963

Postal Transit
workers workers
Total in survey group® 6,077 8,440
Interviewed 5,313 6,864
Not interviewed 764 1,576
Additional interviews® — 427
Total number interviewed 5,313 7,291

« Post office: Total defined as carriers and chauffeurs on the employment rosters of the respective
stations and available for study on the survey dates in the respective stations, including men off
sick or refusing interview, and those missed for other reasons: excludes men on annual or compensa-
tory leave or on temporary assignment elsewhere. Transit: Total defined as all in payroll titles of
motorman, surface lines operator, and surface lines dispatcher as of Feh. 10, 1962,

¥ Number (in transit group) represents men in specified occupational categories at time of inter-
view but who were newly emploved (or acquired the title) after Feh. 10, 1962.

these two total populations, and the first report included all men interviewed.
It has not been practical, however, 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, thercfore, is based on the
defined population only. In all tables, small numbers of postal and transit
workers, for whom information on specified parameters was incomplete, have
been excluded.

METHODS AND PROCEDURES

The measurement of pulmonary function obtained with the McKesson Vitalor
was the l-second forced expiratory volume (FEV,,) 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 discase, 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 proper
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) consistently 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 produce
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maximum fHlow 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
whose 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 “satistactory.” Since inclusion of these tests
in the final survey results does not affect the distributions with respect to age and
FEV,., or symptom prevalence and FEV,,, dclayed production of maximum
flow was not used as a cause for rejection of Vitalor tracings.

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

Survey Group, Race and Age

Major 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 the age-race~specific mean volumes are
similav 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. 1). The absolute values for white postmen range from

TABLE II
Mean 1-8MEcoxp Forcep Exeiratory Vornumes (FEV) 7 vor Posrtarn axp
TransiT WORKERs, BY RaCE AND Ack

Postal workers Transit workers

White Non-white White Non-white

Age in Number Mean Number Mean Number Mean Number Meuan

vears tested  FEV,, tested TEV,, tested TIFEV,, tested FEV,,

All ages 4,089 3.27 1,198 3.06 5,271 310 1,042 312
<40, total 1,633 3.6 628 3.29 843 304 G913 3.30
<35 915 3 .68 424 33N 307 3.70 48K 3.39
3039 718 3.42 204 3.11 536 3.46 425 314
40~49 1,687 3.20 33 2.93 1,888 326 734 5304
A0--59 696 2 Re 190 2,68 2,004 291 268 2Nl
>60 73 251 16 2.46 036 2,57 27 253

» The amount of air (in liters) which, after a maximal inspiration, is forcibly expelled in 1 second.
The test result recorded for each man tested was the maximum volume obtained on either of two
(or more) expirations.

" If the maximum flow rate (volume/time) does not occur 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,, reading will be lower
than it would be if time were calculated from a point obtained by projecting the maximum
slope back to the horizontal axis.
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F1c. 1. Mean 1-second forced expiratory volumes (FEVi.,) 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 ycars, 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 be
associated with increased numbers of cigarettes smoked per day. A relationship
between amounts smoked and forced expiratory volumes appears to be clear-cut
also, as shown in Table IV and Fig. 2. In Table IV average onc-second FEV,
values are shown for white and non-white men grouped by age and smoking
category (the numbers of men tested in each category are given in Table 111).
Data are given only for nonsmokers (men who never smoked), those presently
smoking cigarettes and no other form of tobacco, and thosec 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 age
groups, between average FEV, , values of nonsmokers and average FEV, , values
of heavy cigarette smokers, with the larger volumes obtained by nonsmokers. Test
values for light cigarctte smokers (fewer than 15 cigarettes per day) are very
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TABLE IV
MEgaN 1-SeEcexp ForceEp ExpiraTory VoLumes (FEV,,) vor PosTaL AND TRanNsiT WORKERS .\CCORDING TO
SMOKING CATEGORY AND AMOUNT SMOKED, BY RACE AND AGE

Mean FEV,

Postal workers Transit workers
Cigarettes Cigars and/or Cigarettes Cigars and/or
only® (gm) pipes only (gm) only? (gm) pipes only (gm)

Qace and - — - —

age Nonsmokers <15 15-24 254+ <15 15-2¢4 254+ Nousmokers <15 13-24 254+ <15 15-24 254
White

Total number in group 696 305 861 847 221 116 173 656 434 1,393 840 260 178 165

All ages 3.4 3.4 3.3 3.2 3.3 3.1 3.2 3.3 3.2 3.0 2.9 3.2 3.0 3.1

<35 3.7 3.6 3.7 3.6 3.7 3.3 3.9 3.7 3.8 3.7 3.0 (3.8 2.1y (3.0

35-39 3.3 3.6 3.3 3.3 3.5 3.6 3.7 3.6 3.0 3.4 3.4 3.7 3.0 (3.9

40-49 3.3 3.3 3.1 3.1 3.3 3.2 3.3 3.4 3.3 3.2 5.1 3.4 3.3 3.4

H0-39 3.0 2.9 2.7 2.8 2.9 2.8 3.0 3.2 2.9 2.8 2.6 3.2 3.0 3.0

260 2.7 (2.3) 2.4 (2.2) (2.4) (2.8) (2.6 2.8 2.6 2.4 2.3 2.9 2.5 2.7
Non-white

Total number in group 206 226 322 109 54 34 22 346 358 501 117 9 10 22

All ages 3.2 3.1 Bl 3.0 2.9 2.8 2.7 3.2 3.2 3.1 3.0 3.1 3.0 3.2

<3H 3.4 3.4 3.4 3.2 3.4 (3.5 2.9 3.3 3.4 3.4 3.2 3.1 (3.1 —

3339 3.2 3.1 3.1 3.1 (3.0 (2.9 3D 3.2 5.2 D2 31 3.3 (3.3 3.6

40-49 3.0 2.9 2.9 3.0 2.9 2.7 (2.8 3.1 3.1 2.0 3.0 3.2 5.1 3.1

30-39 2.8 2.7 2.6 2.4 30 26 (2.6) 2.8 28 27 297 3.0 27 3L

>60 2.5 (2.4) (2.5) (2.4) (2.2) (3.00 (2.3) (2.4) 2.9 2.1 -— (2.2) (2.6) —

Figures in parentheses represent average ¥V, o values based on fewer than 10 men teste.d in the specified categories.
« Since 1 gm of tobacco i1s the same as 1 cigarette, these amounts refer to fewer than 15 cigarettes per day, 15-24 cigarettes per day, and 25 or more
vigarettes per day, respectively.

aIdd NV “MANANT ‘Ssvd ‘SANOl ‘NASNHA
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IFic. 22 Mean l-second forced expiratory volumes (FEV, ) by age, for nonsmokers, and for
cigarette smokers, according to amount smoked per day: white transit workers,

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

FEV, ., valucs 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 cigarette smokers.

It is particularly interesting to note that the decline ot FEV,,, values with
age, and the slight difference in averages for white and non-white men, noted in
Table IT and Fig. 1, are still apparent regardless of smoking category and amount
smoked. Within cach of the specified smoking categorics. the decrease in test
volumes with age is evident; and within almost all of the age-smoking category-
specific groups. the average volume for white men is greater than that for non-
whitc.

The rate of decrease in FEV,, values over the age span is slightly greater for
smokers than for nonsmokers in both industrial groups and appears to be some-
what greater for heavy smokers than for nonsmokers and light smokers, Among
white transit workers the decrease in mean volume hetween the voungest (under
35 vears) and the oldest (60 vears and over) age groups was 0.9 liters, or 24%, for
nonsmokers, 1.3 liters, or 35%, for moderately heavy smokers (15-24 gm per day)
and 1.2 liters, or 34%. for heavy (25 gm or more per day) cigarette smokers, Age-
specific mean test volumes for these groups of white transit workers are shown
in Fig. 2.

Sitting Height and Age

Since the 1-second forced expiratory volume is dependent to some extent on
the total lung capacity, some measurement related to chest size has been con-
sidered important for comparison of FEV, ,, values among population groups. In
this. as in several other field studies, the measurement of sitting height has been
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TABLE V
REGRESsION Bouarions orF FEV,e ox Ace axp Sirring Hergut, anp MeaN VALUES

FOR SeeciFiEp Cimours or Posrtan

Transit WoRkERS, BY RACE

AND

A
H

Regression equation
= age in yewrs

= sitting height in inches

|“1‘:\>1 0
FEV, .,

FEV,, =

FEV,.,

FEV,,
FEV..,

TV, ,
I DA

FEVL,
FEV 4

FEV: .,
]"EV. 0

l“E\vLo =

FEV,,

rEv, ,
FEV, 4

FEV,, =

FEV, o

FEV.,
A

IFEV,
FEV..

FE\’;Q

Number Mean  Mean Meun
Population of age  sitt, ht. FEV,
group men (yr.) (in.) (I
TOTAL
White
Postal 4,088 41.3 345 3.27
Transit 5,016 49.0 REI 3.09
Nonwhite
Postal 1,194 39.5 4.6 306
Transit 1,690 41.7 4.7 3.09
ASYMPTOMATIC
White
Postal 1,063 41 .4 34.8 3.5
Transit 1,549 50.3 35.1 317
Non-white
Postal 311 40.1 34.5 308
Transit 500 41.0 34.7 318
NON-SMOKERS
White
Postal 685 41.0 34.7 3.37
Transit 620 487 35.1 3.29
Non-white
Postal 204 3% .6 34.6 3.16
Transit 208 40.8 34,7 318
CIGARETTE SMOKERS?
White
Postal 2,340 40.0 34.9 3.26
Transit 2,041 480 3.2 3.01
Non-white
Postal 768 3R.3 34 6 3.08
Transit 1,041 41 0 34.6 307
<25 gm/day
White
Postal 1,292 39.9 34.8 3.30
Transit 1,929 48 .2 3.1 3.05
Nou-white
Postal 199 379 % 309
Transit 891 40.9 34.6 308
>25 gm/day
White
Postal 1,038 40 .8 35.0 321
Transit 1,011 47 .6 3h.2 2.04
Not-white
Postal 161 40.0 34 8 3.03
Transit. 149 41.8 4.8 3.00

I‘VEVLU

— —

—_—

(&)

——

—

0345
L9953

441)
L0083

2092
.6443

0000
1719

1861
5770

2647
1320

.8196
4087

3760
3841

9610
2428

1208
4035

1308
6636

X770
0217

0297(A) + .0995(H)
L0338(A) + .0781(H)
0262(A) + . 1314(H)
0245(A) + . 1185 (H:

L0269(A) + .0934(1D)
L0333 (A) + -0628(H)
O239(A) + . 123001
0218(A) + - 1124(H)
L0249(A) + . 0922(H)
L0281(A) -+ 0879(H)
L0235(A) + - 1098(ED
L0255(A) + 153110
L0325(A) + . 107T1(H)
0373(A) + 0965 (H)
L0288(A) + . 1376(tD
J0288(A) + 1116(HD)
0309(A) + . 1021(H)
0377(A) + . 1030(H)
L0296(A) + . 1545(1D)
J0206(A) + L 1122(HD
0342(A) + . a8
037:3(3) + .0868(H)
0230(A) 4+ .0895(LD)

0224(A) 4 1126(1D

@ Asymptomatic men are those men who replied negatively to all questions about respiratory
symptoms and recent history of chest illness (questionnaire items 1-21),
* Includes men smoking cigarettes plus other forms of tobaceo. Included in the totals of these
smokers are men for whom amounts were not reported.

284
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used as an index of lung size, as recommended for conduct of respiratory discase
prevalence studies by the British Mcdical Research Council (1960). Accordingly,
cach study participant was scated on a flat-topped stool against a wall and his
length from seat to top of head measured against a standard mounted on the
wall, Measurements were recorded to the next lowest quarter inch.

From the regression equation of I-second forced expiratory volumes on sitting
height and age (Table V), the average increase in FEV, , with increasing sitting
height and the average decrcase in FEV, , with age can be seen as similar for
postal and transit workers. For example, in the white postal group, the decrease
in FEV,, values was about 30 cc per year of age, or 150 cc (815 liters) for 5
vears of age. Among white transit workers, the decrease was about 34 cc per vear,
or 170 cc (0.17 liters) for every 5 vears of age. In comparing the cocfficients of
the regression equation, it should be remembered that the age distributions of
postal and transit workers differed, so that the transit age span on which the
regression was calculated covers an older range thau docs the postal age span.
This difference is reflected in the mean ages, which are also shown in Table V.

The increase in FEV, ,, values with cach inch of sitting height was about 100 c¢¢
(0.10 liters) for white postal employees and about 78 ¢e (0.08 liters) for white
transit workers. For non-white men in both industrics, the slope of the regression
of FEV,, on stem length was steeper; FEV, o values increased by 131 ce with
cach inch of sitting height of non-white postmen, and by 119 ce for cach inch of
sitting height of non-white transit workers.

Within cach of the four race-industry subgroups. mean sitting heights, and also
mean ages, were very similar throughout the subcategories shown in Table V for
these groups: comparing race-industry subgroups with cach other, white transit
workers were consistently older. and with slightly longer sitting heights, than the
other three groups of men.

In Table VI. the regression cquations of Table Voare used for caleulating

TABLIL VI
RranpaArDIZED 1-REcoxp Forced Exrirarory Vorvues (FEV, O ror Seecisisp Postat
AxD Traxsrr Workers a1 Ace 45 axp Srrenixa Hietanr oy 35 INcnes

Standardized PIEV,

Posti] workers Transit. workers
Population group White Non-white White Non-white
Total 3OIN 29N 321 RN
Asvmptomaties B 303 REnE! B 4
Nonsmokers 329 305 RISt REEITN
Cigaretle smokers, fotal Sl 2 04 KN 249
<25 gm/dayv HE! 295 B 300
=20 gm/duay 306 293 302 205

S Caleulated from the regression equations in Table V.

©Asymptomatic men arve tho=e men who replied negatively 1o all questions about vespiratory
syinptoms and recent history of chest illness (MRC questionnaire items 1 21,

< Tucludes men smoking cigavettes plus other forms of tobacco; etuded iy the totals of these
<nzokers are men for whom amounts of {obaceo were not specified.
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expected FEV,, values for specified subgroups of the 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 FEV, , 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 l-second forced expiratory

TABLE VII
Meax -Becoxnp Foreen Expiratory Vorumes (FEVi,) ror WHITE Traxsit WORKERS
ACCORDING TO SPECIFIED SYMPTOMS AND AGE

Age group

All

Symptom? ages <10 40-144 45-49 HO-54  H-H9  >60
Total number in group 5016 106 Tos 1,030 894 D62 522
Average FEV 4 of group 3.0 3.5 3.4 3.2 3.0 28 246
Cough, aM (1) 2.8 3.4 3.2 2.9 27 2.5 2.3
Cough, day/night (3) 29 34 3.2 3.0 2.8 2.6 2.4
Persistent cough (5) 29 34 3.2 3.0 2.8 2.6 2.3
Phlegm, am (65 2.9 3.4 3.2 3.0 2.8 2.6 2.4
Phlegm, day/night (8) 3.0 3.5 3.3 3.1 2. 2.6 2.4
Persistent phlegm (10) 3.0 3.4 3.2 3.0 2.9 26 2.4
Exacerbations (12), ¢ 29 3.4 3.2 300027 26 2.4
Byspuea 2+ (14a) 29 3.4 3.2 29 28 26 23
Wheezing (15) 29 34 3.2 3.0 28 2.6 2.3
Wheezing with colds (15a) 2.9 3.4 3.2 3.0 28 2.5 2.3
Wheezing apart from colds (§3h) 28 34 3.1 29 27 25 2.2
Persistent. wheezing (15¢) 26 3.2 2.8 2.8 2.6 2.5 2
Weather affects chest (17) 2.8 3.5 3.1 2.9 2.7 2.5 22
Weather causes dyspnea (171) 26 3.4 3.0 2.7 2.4 2.4 201
Nassal catarrh (18) 3.0 3.4 3.3 3129 27 25
Persistent nasal catarrh (20) 3.0 3.5 3.3 i 3.0 2.7 24
Chest illnessex past 13 vears (21) 3.0 34 33 3.0 249 2.7 2.4
Asthma (22) 26 3.0 3.0 2.9 2.6 2.3 1.8
Hay fever (233) 3.1 305 3 4 a4 31 29 25
Peruistent cough and phlegm (5, 10} 2.8 3.3 3.t 2.9 27 2.5 2.2
Persistent cough and phlegm, 2.7 3.4 3.0 2.9 2.5 2.3 2.2

exacerbations (5, 10, 12b,¢)
Persistent. cough and phlegm, dyspnea 27 34 30 27 26 2.3 2.1
24 (5, 10, 14a)

Asymptomatic 3.2 3.7 3.5 3.3 4 3.0 27

¢ Numbers following symptoms are questionnaire item numbers,
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TABLE VIII
MEaN 1-SEcoxp ForceEp ExpiraTorY VOLUMES (FEVis) FOR NONWHITE TRANSIT
WORKERS ACCORDING TO SPECIFIED SYMPTOMS AND AGE

Age group

All

Symptom* ages <40 4044 45-49 S0-54 5549 >60

Tolal number in group 1690 648 404 2497 188 i 26
Average FEV g in group 31 4.3 3.1 3.0 2.8 2.8 25
Cough, am (1) 20 3.2 5.0 27 26 26 2.0
Congh, day/night (9 5.0 3.2 3.0 2.9 2.7 26 (2.4
Persistent cough (.3) 50 3.1 3.0 2.9 2.6 26 2.2)
Phlegm, am (6) 3.0 3.3 3.0 29 2.7 26 2.2
Phlegm, day/night (8 51033 3.0 3.1 2.7 25 23
Persistent phlegm (100 31 3.3 3.1 3.0 2.7 2.0 (2.5)
Exacerbations (12b,c¢) 3.0 3.2 209 3.0 28 2.8  (1.h
Dyspnea 24 (14a) 3.0 3.2 29 2.9 2.7 2.8 (2.
Wheezing (15) 0 3.2 29 2.9 2.7 2.6 2.4
Wheezing with colds (15a) 30 3.1 3.0 2.9 2.7 2.7 2.3
Wheezing apart from colds (15h) 27 3.2 28 2.7 2N 2.5 (2.5
Persis{ent, wheezing (15¢) 29 31 2.6 29 28 2.5 2.0
Weather affects chest (17) 28 31 27 2.8 2.7 (2.5 (2.2
Weather causes dyspnea (17f) 2.8 3.1 2.8 28 2.9 (2.7 (2.h
Nasal catarrh (18) 3.1 33 3.0 3.0 2.8 2.6 @2.®
Persistent nasal catarrh (20) 31 33 3.1 3.1 28 2.7 (2.2
Chest illnesses past. 3 years (21 A0 32 29 3.0 2.8 (2., (2.2
Asthma (22) 28 32 27 22 243 2.6 (2%
Hay fever (233 3.1 3.3 29 3.0 2.8 2.9 2.4
Persistent. cough and phlegm (5, 1th 3.0 32 3.0 3.0 2.6 (2.0 (2.2)
Persistent cotigh and phlegm, 3.0 3.3 204 3.2 2.8 26 (1D

exarerbations (5, 10, 12h,¢
Persistent cough and phlegm, dy=spnea 249 50020 Y} 26 (248 (1D
24 (5, 10, 14

3.2 33 3.2 31 2.9 2.9 27

Asymptomatie 3.

“ Numbers following symptoms are quiestionnaire item numbers. Figures in parent heses represent
mean FEV, ., values based on fewer than 10 men.

volumes are shown according to age-group for men who reported having specified
svmptoms. Sccond, in Tables IX and X, the prevalence of symptoms is shown for
men in specified FEV, , categories; and third, in Tables XI and XII. symptom
prevalence data are given for men with FEV,, values described in terms of
deviations from group means. Each of these wayvs of looking at the data has
pertinence for identification of individuals at risk of chronic respiratory disability,
since 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 expiratory volumes, in almost all of the age categories
shown, are those who reported having asthma. Low volumes arc also seen for
groups reporting wheezing, dyspnea caused by weather conditions, and persistent
cough and phlegm in combination with other symptoms. In fact, age-specific
FEV, , values are below the averages for this study population for groups of men
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TABLE IX
PREVALENCE OF RESPIRATORY SYMPTOMS AMONG Trassit WoORKERs Adks 40-4Y
BY RacE anp FEV,, Group

IV, ,

White Non-white
25~ 3.0~ 2.0 3.0~

Symptom® <25 29 34 235 <25 29 34 285
Total number in greup 124 266 683 654 80 203 251 148
Cough, am (1) T2 235 Is0 112 175 143 116 9.5
Cough, day/night. (33) 372 0243 209 145 275 278 24.3 20.9
Peisistent cough (5) 357 232 193 119 213 139 16.3 14.2
Phlegm, am (6) 41,1 281 228 1.2 238 274 215 19.6
Phlegm, day/night (%) AR0020.6 256 20103 288 265 303 26.4
Persistent phlegm, (10) 37.2 0 238 2005 151 200 184 20.7 20.3
Exacerbations (12b,¢) 93 85 86 50 100 1.2 92 54
Dyspnea 24 (14a) 395 234 2006 133 2.3 193 175 11.5
Wheezing (15) 40.3 325 266 17.9 48.8 36.3 205 19.6
Wheezing whit colds (15Ha) 340273 231 I8T 308 32,7 283 189
Wheezing apart from colds (15h) 202 142 91 55 140 112 76 14
Persistent wheezing (15¢) 147 441 2% 1.8 50 49 1.2 1.4
Weather affects chest (17) 200 0y 66 14 138 76 40 34
Weather causes dyspnew (17f) 13.2 4.4 20 1.2 Ho 13 28 07
Nasal catmrh (18) 390 238 280 289 30,0 251 251 223
Persistent. nasal catarrth (20) 200 13,7 158 142 jts 112 155 115
Chest illnesses past, 3 vears (21D 240 208 1S.0 150 263 17.0 195 135
Asthma (222) 70 2.7 23 11 1. 10 12 1.4
Hay fever (2:3) s 68 59 70 100 K81 56 H 4
Persistent cough and phlegm (5, 1 302 156 120 64 150 90 108 10,1
Persistent cough and phlegm, and 6 2 2787 06 25 31 20 27

exacerbations (3, 10, 2h¢)

Persistent cough and phlegm, and 18 6 | (] 17 T2 T 4N 14

dyspnea 24 (5, 10, 14a)

“ Numbers following symptoms are questionnaire item numbers,

reporting any of the specified symptoms with a single exception: men who said
they had hay fever have FEV, , 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.
cvery age-specific FEV,, value is higher than the corresponding mean for the
whole group.

fven in the asymptomatic group, where absolute mean values are high, the
expiratory volumes decline with age. The decrcase with age eccurs in all symp-
tom categories, but is mor¢ 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 are also characterized by greater decrease with age than is
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TABLE X
PREVALENCE OF RESPIRATORY Symproms aMoNG Traxsre WORKERs AGEs 50-50
BY Race ano PEV, Grouy

]“]‘l\/vl,.
White Non-white
2.5~ 3.0- 2.5~ 3 .0-

Symptom® <205 29 34 230 LA 248 B4 235
T'otal number in group 302 A07 625 342 62 100 8! 21
Cough, AM 349 164 149 V.1 194 11.0 111 0.0
Clough, day/night (3) 30,9 174 157 120 339 200 2.2 238
Persistent, cough (5) 3L4 159 155 8.5 226 160 123 0.0
Phlegm, am (6) 324 219 179 123 200 120 198 9.5
Phlegm, day/night (8) 208 17.4 17.8 143 38.7 250 222 190
Persistent phlegm (10) 273 1536 179 108 200 150 13.6 143
tixacerbations (12b,¢) 12.0 79 4.2 a8 8.1 10,0 13.6 00
Dyspnea 24 (14a) 32,1 204 182 111 145 140 111 143
Wheezing (15) 3BT 218 179 114 410 270 235 23,
Wheezing with colds (15a) 201 184 150 9.0 41.9 260 21.0 238
Wheezing apart from colds (15D) 168 87 6.1 3.3 8.1 100 49 4.8
Persistent. wheezing (15¢) 9.7 34 30 23 3.2 6.0 37 4.8
Weather affects chest (17) 3.3 6.9 6.1 2.9 97 10,0 3.7 4.8
Weather causes dyspnea (17f) X2 28 19 09 3.2 3.0 25 438
Nasal catarrh (18) 278 23.8 208 184 25,8 26.0 222 190
Persistent nasal catarrh (20) 133 11.4 122 9.4 129 120 99 143
Chest illnesses past. ;3 years (21) 17.3 132 115 132 16,1 120 198 143
Asthma (22) 4.8 23 1.6 12 8.1 3.0 12 0.0
Hay fever (2:3) 6.1 .4 8K 0.6 81 RO 7.4 95
Persistent. cough and phlegm (5, 100 21.2 104 4.0 44 161 90 86 0.0
Persistent cough and phlegm, and a1 32 1 12 48 40 37 00

exacerbations (5, 10, 12b,e)
Persistent cough and phlegm, and 12 2 4.5 2.9 20 6 :
dvspnea 24 (5, 10, 14a)

oY)
S
re

LA 0.0

* Numbers following symptoms are guestionnaire item numbers.

shown by the whole study group; namecly, 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 lewer FEV, , values, and to exhibit a greater change in expired
volumes with increasing age, than do the groups reporting symptoms primarily
related to the nasal passages. These difterences are evident in Fig. 3, where age-
specific means are shown for svmptom categories which demonstrate the varia-
tion in patterns.

The relationships and patterns described above are less clearly marked for
non-white transit workers ( Table VIII) than they are for the white. It is interest-
ing to scc that the non-white men in this industry group have FEV,, valucs
which, again, are lower than those for the white workers, that show less variation
across the age range, and that also vary less within specific ages for men with



TABLE X1
PREVALENCE OF RESPIRATORY SYVMPTOM: AMONG WHITE TRANSIT WORKERS WITH SPECIFIED DEVIATIONS BETWEEN

OBSERVED axD EXpPECTED FEV,, VALUES

Symptom”

Number i each group

Cough, ax (1)

Cough, day/night (:3)

Persistent cough (3

Phlegm, anm (6)

Phlegm, day/night (S)

Persistent phlegm (10)

Exacerbations (12b,¢)

Dyspnea 2+ (14a)

Wheezing (1.5

Wheezing with colds (1.5a)

Wheezing apart from colds (15b)

Persistent wheezing (1ic)

Weather affects chest (§7)

Weather causes dyspnea (171)

Nasal catarrh (18)

Persistent nasal catarrh (20)

Chest illnesses past 3 yvears (21)

Asthma (22)

Hay fever (23)

Persistent cough and phlegm (5, 10}

Persistent cough and phlegm.
exacerbations (3, 10, 12h,e¢;

Persistent cough and phlegn,
dvspuea (5. 10, Ha

Deviation: observed I'EV, ; minus expected FEV, , (liters)

Ohserved values less than expected values

— 8 -
—1.0 —1.0
222 200
43.7 30 .7
40.1 33 4
383 31.7
450 328
383 30.7
36.9 254
17.1 10.7
16 .4 267
4549 36.6
41 .4 297
26,6 179
IND 11.0
239 134
16 .2 6.0
36 0 23
20 7 16 2
243 21.0
11.7 S a
4.1 76
30.6 20 7
10.8 38
10 X 110

* Numbers following symptoms are questionnaire item

numbers.

h

Minimal
dif- Observed values greatex
ference than expected values
-5, =6, —.2, -3, —-.10 .2, .3 .5 .6 .8 .9
-7 — .4 +.1 4 7 1.0 >1.0
(0.5 1,013 1,13 425 HR7 219 &3
254 20.3 16.4 133 9.3 7.3 6.0
22.6 20.9 19.1 15.6 13.5 123 S.4
24 7 19 2 16.7 14.6 10.4 8.2 7.2
29 7 24 .8 20.0 183 14 4 14.2 12.0
28,2 2301 21.0 21.0 16.1 18.3 18.1
250 21.0 16 .2 181 3.1 12.8 15.7
Y K8 9.4 7.3 9.6 4 4 5.9 6.0
282 189.8 8.2 16 4 121 13.7 9.6
30,8 26 1 21 4 19.2 15.6 11.4 9.6
26 .5 221 17.8 16.5 14.0 10.5 7.2
13.8 9.3 7.5 6.3 3.1 3.2 2.4
2.0 3.7 2.6 2.5 2.3 0.9 1.2
1.4 6.2 6.1 6.2 1.6 3.2 3.6
5.0 2.4 2.1 2.1 1.5 1.4 0.0
277 25.6 23 6 250 19.2 19 2 181
14 S 138 35 149 99 96 9.6
18 6 16 & 15 4 12 4 15.0 12.8 15.7
35 1.3 20 1.3 0.6 1.8 00
8.1 6.6 7.8 6.9 63 11.0 8.4
16.4 13.6 9.0 2.3 33 4.1 6.0
4.1 3.5 2.4 1.2 0.9 1.8 1.2
76 56 58 19 19 27 12

063
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TABLE XII
PrEVALENCE OF RESPIRATORY NYMPTOMs AMONG NONWHITE TRANSIT WORKERS WITH SPECIFIED [DEVIATIONS BETWEEN
OBSERVED AND Expecren FEV,, VALUEs

Deviation: observed FEV(, minus expected FEV,  (liters)

Minimal
Dif- Observed values greater
Observed values less than expected values ference than expected values
-8 -9 =5, =6 —.2 —.3 ~1,0 2 3 5.6, .8 9

Symptom* <-1.0 —-1.0 -7 —.4 + 1 1 7 1.0 >1.0
Number in cach gronp 42 58 144 354 436 340 177 54 30
Cough, am (1) 38.1 121 13.6 201 0.8 9.1 9.0 v.3 6.7
Cough, day/night (3) 35.7 29 .3 30.7 26. 6 21.3 21 24 .3 11.1 20 .0
Persistent cough (3) 28 .6 22 4 17.1 15.0 12.2 3.5 14,1 7.4 3.3
Phlegm, aM (6) 33.3 24 1 191 21.8 9.3 17 4 203 4.8 20 0
Phlegm, day/uight (8 42.9 31.0 25.1 23.7 239 262 243 204 367
Persistent phlegm (10 26.2 22 4 15.6 19.5H 15.8 16 .5 186 4.8 167
Exacerbations (12b,¢) 14.3 S.6 11.6 8.5 9.2 9.4 6.8 7.4 53
Dyspnea 2+ (14a) 33.3 241 18.1 11.4 14.9 153 12 4 7.4 (SHn)
Wheezing (13) 45.2 43.1 42,7 31.9 203 247 19,2 13.0 20 .0
Wheezing with colds (15a) 429 37.9 39.7 30.2 25,2 2352 1.6 11.1 16.7
Wheezing apart from colds (15b) 14.3 121 9.0 8.8 7.3 4.7 2.3 1.9 3.9
Persistent. wheezing (15¢) 14.3 3.4 3.5 4.0 5.2 29 2.3 1.9 3.3
Weather affects chest (17) 14.3 12.1 8.5 6.2 4.1 3.0 4.5 0.0 3.3
Weather causes dyspnea (17f) 7.1 1.7 2.0 2.3 21 1.2 1.7 0.0 0.0
Nasal catarrh (18) 381 241 271 23 .2 2.2 22 232 31.5 33.3
Persistent nasal catarrh (20) 11.9 12.1 13.6 3.3 133 121 10.7 11.1 20.0
Chest illnesses past 3 years (21) 21 .4 15.5 21,1 167 15.4 15.0 13.0 4.8 20.0
Asthma (22) 19.0 12§ 3.5 4.5 3.0 (I 2.3 7.4 0.0
Hay fever (23) 14.3 S.6 5. D 8.8 7.1 6.5 6.2 111 13.3
Persistent cough and phlegm (3, 10) 16.7 19 0 95 9 0 78 S0 9y 6 74 3.5
Persistent cough and phlegm, 24 3.4 30 25 205 24 20N 37 00

exacerbations (3, 10, 12b,c)

Persistent cough and phlegm, 71 86 4.0 205 2.3 24 17 149 00

dypsnea 24 (3, 10, 14a)

“ Numbers following symptoms are questionnaire item numbers,

1FAAHAS ALID NHOA MIN ¥V NI SLTIASHY AdA



292 DENSEN, JONES, BASS, BREUER, AND REED

NN

—— Asymptomatic

4.0 | ---- Nasgl Catarrh
— —Persistent Cough and Phlegm
15 ~— | e Weather causes Dyspnea
— i - Asthma
o1
30 e
25

Mean FE Vio
N
<)

15

+

30 35 40 45 50 55 60 65
Age

Frc. 3. Mean l-second forced expiratery volumes (FEV(.) for white transit workers in
specified symptem 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 whitc men
in the older group, the association betwcen high prevalence of symptoms and
low expiratory volumes, and, conversely, low symptom prevalence and relatively
high cxpiratory volumes, is evident. The most marked gradients in symptom
prevalence between men with FEV, , 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 gencral also, prevalence rates of other
chest-related symptoms are two or three times as great among men with FEV,
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 FEV,, level. Moreover, 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 cxpiratory 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,, of variations in sitting height is small compared with that of age.
Even with the relatively large numbers of men in the industrial groups of this
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study it was not practical to subdivide the study populations further into sub-
groups of sitting heights. Some other technigque was needed to summarize the
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,, value with a standard, or
“expected” value for “normal” men of his own race, age, and sitting height class,
and noting the size and the direction of the difference. Thus, deviations from
normal FEV,, values, preadjusted for age and sitting height, provide another
index 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 regression
equations 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. Bifferences 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, pereentagewise, for large
volumes than it is for small. Since no more authority exists for equating percent-
age deviations with clinical significance than for equating 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 onc-tenth of a liter and which is described as a minimal difference.
This characterization is based on experience with the instrumentation and with
obscrver variation in reading values from the graphs.

In general, the picturc presented by the data in Tables XI and XII is similar
to that in the previous set; as the observed FEV,, values drop away more and
more from the expected, prevalence of symptoms increases. In fact, this tendency
appears to begin with the group of values with maximal differences abeve the
expected and to continue across the range of deviations. These findings are
of interest from the epidemiologic standpoint. The difference in prevalence
pereentages is not a clear-cut distinction between “sick” and “well” adults, but
onc which becomes increasingly evident with decreasing volume measurements.
Along the scale of decreasing FEV, ., values, there would be a critical point,
specific for each age (and size) group, below which significant numbers of men
would be found to have clinical symptoms of obstructive lung disease. Whether
those with relatively high FEV, , values who nevertheless have clinical symptoms
arc a group in the carly stages of the disease. also whether those with low values
and no symptoms arc a group with some other tvpe of disease. would he
interesting questions to pursue,

DISCUSSION

Lung function tests, performed as onc of the procedures in this survey of New
York City postal and transit workers, provided basic descriptive data of the men
as a total population and also revealed distinctive patters with respect to smok-
ing and to respiratory disease symptoms. To summarize these findings: 1-second
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forced expiratory volumes decreased with age in all stndy groups; age-specific
mean FEV, , values werce slightly higher for white than for non-white men, and
these differences were maintained within comparable smoking categories and when
the study groups were standardizcd for sitting height measurements; the lowest
values were found among cigarette smokers, especially the heavy smokers, and
the highest volumces were those of nonsmokers or men without symptoms; and
variations in patterns of the decline with age, as well as differences in age-
specific mean FEV, . values, were evident among groups of men 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
were 300 ce greater for white than for the non-white, this race difference was
diminished to only 30 cc in the age group 60 years of age and over.

The data associating impaired ventilatory 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 with the large populations included in this
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 werce greater for those with lowest FEV, ,, values than for
those with high values. It was not surprising to find strong associations between
low FEV,, 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 (Wensen et al., 1967), prevalence of cough and phlegm was found to
increase with increasing numbers of cigarettes smoked daily but there was no
marked age effect on prevalence of these symptoms. On the other hand, FEV,.,
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 opcrate
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 would be important to know if
smoking (and, if so, at what level of consumption) lowers forced expiratory
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volumes without producing symptoms. Olsen and Gilson (1960) have obscrved
low FEV, ., values among smokers without evidence of chronic respiratory diseasc.

Despite the multiplicity of factors which bear on all of the parameters studied.
it was nevertheless true that men in the New York City study with FEV, , valuces
under 2.5 liters reported greater prevalence of symptoms ot chronic respiratory
discase than did men with values above that volume, and the differences in
prevalence were particularly marked among white men with FEV, , values under
2.5 and those with values of 3.5 or more. Furthermore, when observed values
were compared with “expected” values ((hased on regression equations) for each
race-industry group. men with observed values exceeding expected by more than
1 liter appeared to be particularly symptom-free. Consistent with these findings
was the fact that average age-specific FEV, . values for men with cough and
phlegm were lower than corresponding values for men without the symptom.
Pinpointing the exact relationship between progression of respiratory symptoms
and deterioration of ventilatory function. and the role of age. race. smoking
habits, and other environmental factors. may depend on development of more
sensitive testing mechanisms, but will certainly depend on observations of large
numbers of individuals with known characteristics over a period of years.

To summarize the contrasting findings for white and nonwhite men in these
study populations of postal workers and transit workers, symptom prevalence in
general appeared to be hizher among white men and forced expiratory volumes
were also slightly higher for white men than for non-white men. Since it is the
prevalence of symptoms and low test results which are taken to be indicative of
chronic respiratory discasc. this apparent contradiction in findings suggests the
possibility that the data from these two sources mayv not have the same signifi-
cance for the two racial groups. Consistent with the findings on symptoms arc
the mortality statistics which show that death rates from chronic bronchitis and
emphivsema in New York City are considerably higher for white males than they
arc tor other males. The possibility that differences in ventilatory  function
measurements are associated with anatomic differences in the two races, or that
the differential in presence of symptoms is related to differences in susceptibility,
ought to be examined further. Discovery ot real differences hetween the two
aroups could provide clues to the pathogenesis of chronie respiratory discase.
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