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Chronic Respiratory Disease in 
Hemp Workers* 

AREND BOUHUYS, M.D.7 PH.D.,t ANTONIO BARBERO, M.D., J 
RICHARD S. F. SCHILLING, M.D., D.SC.,§ and KAREL P. VAN DE WOESTIJNE,M.D.,# WITH THE 
TECHNICAL ASSISTANCE OF S. KALAVSKY, G. KANE, M. TOREN and J. VAN WAYENBURG** 

Ntw Haven, Connecticut 

Respiratory symptoms, smoking habits and ventilatory capacity (FEVi.o) were 
studied in 216 active and retired hemp workers (22.8 per cent of a defined population) 

- and 235 control subjects (farmers, and men from other industries), in andncar Callosa 
de Scgura, Spain, formerly a center of soft hemp (Cannabis sariva) processing. The 
twenty to forty-nine year old hemp workers did not differ from control subjects in that 
age group. The fifty to sixty-nine year old hemp workers had an extremely high preva­
lence of chronic cough and phlegm, dyspnea and irreversible pulmonary function loss, 
compared to control subjects of the same age group. About two thirds of these men 
had a one second forced expiratory volume (FEVt.0) of less than 80 per cent of the 
expected value; 18.5 per cent were severely disabled by ventilatory insufficiency, with 
an FEVi.t of 1.00 L. or less. Of the fifty to sixty-nine year old workers, 91 per cent had 
a history of Monday dyspnea while at work in hemp. Most men without such a 
history ("nonrcactors") had a normal FEVi.o and few symptoms even after a lifetime 
of exposure to dust. 

The chronic and disabling respiratory disease of hemp workers cannot be explained 
by smoking habits and is attributed to heavy and prolonged exposure to hemp dustT 
Apparently byttfnoVi, a disease caused by exposure to hemp and other textile (cot­
ton, fiax) dusts, progresses from acute, short-lasting effects of dust exposure (Monday 
dyspnea) to chronic and permanent lung damage. In view of this progression and the 
known causal agent, we prefer to diagnose byssinosis, grade •>, rather than unspecified 
chronic bronchitis ua these older hemp workers. Inclusion of retired workers was essen­
tial to determine the extent of the problem in Callosa, since the active hemp workers 
were a self-selected group with less disease. 

INHALATION of dust produced during proces­
sing o£ soft hemp fibers (Cannabis sativa) 

causes acute symptoms of byssinosis in workers 
engaged in manual bat t ing and hackling of 
hemp. Previous studies [7,2] also showed a high 
prevalence of chronic respiratory symptoms a n d 
irreversible pulmonary function loss among 
small groups of older retired workers. 

Artificial fibers are now replacing soft hemp 
in most of its applications, and the industry is 
disappearing, at least in Europe. Further study 
of hemp byssinosis seemed worthwhile mainly 
because of its possible importance to the knowl­
edge of cotton workers' byssinosis, which is still 
widely prevalent in many countries [3t4y8]. 

T h e hemp trade in Callosa de Segura, Spain, 
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employed about 3,000 persons in 1947* Although 
the trade is now of minor, and still decreasing 
importance, the town offered a. unique oppor­
tunity to study the development of chronic lung 
d h r a v among men who h a d been exposed to 
hemp dust for many years. 

SUBJECTS AND METHODS 

Tltis study was conducted in Callosa de Segura* 
Spain, during June-August 1967. The working con­
ditions in the Callosa hemp industry have been 
described previously [7], The methods used were 
similar to those described before [2]. The question­
naire on respiratory symptoms was adapted for coding 
on punch cards to facilitate data processing by an 
IBM 1130 computer, to obtain average values, corre­
lation coefficients, analysis of co-variance and x* t c s ts 
according to standard statistical methods [5]. 

Definitions. As in the previous study [2] respiratory 
symptoms were denned as follows: 

Persistent cough and/or phlegm: cough or 
phlegm production on most days for at least 
three months each year. 

Dyspnea grade 2-f-: shortness of breath when 
hurrying on the level, or worse. 

Dyspnea grade 4: shortness of breath when 
walking at own pace on the level. 

Dyspnea grade 5: shortness of breath when 
< 'dressing in the morning. 

Past illness from chronic bronchitis: history 
of chest illness with increased sputum produc­
tion'within the last two years, or history of 
chronic chest trouble diagnosed as chronic 
bronchitis by a physician. 

Byssinosis grades: 0.5 =» occasional chest 
tightness on Mondays; 1 = chest tightness or 
difficulty in breathing or both on every Monday 
at work; JZ » chest tightness or difficulty in 
breathing or both during work on Mondays 
and other working days. In retired workers, the 
byssinosis grade was based on the history of 
symptoms when last at work in hemp. 

Observer Variation. Altogether, six interviewers took 
part in the study, but two of them saw fewer than 
twenty persons each. The prevalence of symptoms 
recorded by the other four interviewers, in the age 
group fifty to sixty-nine years old, did not differ 
significantly. 

Pulmonary Function. The one second forced expira­
tory volume (FEVi.o) was measured in all subjects 
with direct reading spirometers with transistorized 
timers (Poulton & Co., Barry, Glamorgan, U.K.). 
The mean of the two highest of five measurements 
was used as the result. This was compared to the 
expected FEVI#0 value according to the V.A. nomo­
gram [6*], using age at nearest birthday and standing 

T A I L S Z 

CATEGORIES O F H £ U P WORKERS 

S u m s Retired Active Disabled Total 

Affe (yr.) 20-49 50-6? 20-49 « W 9 20-49 50-69 
Batten (no.) 222 103 5 2 0 9 341 
Hackkra (no.) 450 131 14 7 0 6 60S 
Spinners (DO.) 250 44 19 7 1 2 353 
Othe»(D0.) 0 1 6 3 0 0 10 
Total (no.) 952 279 44 19 t 17 1,312 

Ncm-: Retired »• No longer employed in the soft hemp industry on 
June 20," 1967. Active » Employed in the soft hemp indus:ry on June 
20, 1967. Disabled — Men awarded a pension for disability actributed 
to occupational exposure to hemp dust. 

height (without shoes). If the measured value was less 
than 80 per cent of the expected value, the FEVi.o 
measurement was repeated fifteen to twenty minutes 
after inhalation of an isoproterenol-phenylephrine 
mixture from a pocket nebulizer (Duo-Medihaler*). 

Procedure. Since our first study in 1965, the hemp 
industry in Callosa had contracted further. Several 
small plants (including plant A on which we reported 
previously [2]) had been closed. A large percentage 
of the younger male working population is regularly 
employed in the car industry or in agriculture, else­
where in Spain, in France and in other Western 
European countries. 

For selection of subjects we used a list of 1,312 men 
now or previously employed in the Callosa hemp 
industry (Table i). We decided to limit our study to 
those who arc or were manual batters or hacklers, 
since these are the workers most affected by byssinosis 
[2]. The large majority of these men had transferred 
to types of employment other than hemp work and 
these are classified as "retired" in Table i. 

Two samples, A and B, of 100 names (twenty in 
each age decade from twenty to sixty-nine years) 
were drawn at random from the main list. Thus, 40 
per cent of the men in samples A and B were fifty to 
sixty-nine years old. This.overrepresentation of older 
men in the samples (compare with Table i) was inten­
tional. We did not want to study the "average" hemp 
worker, but we wanted to follow the evolution of dis­
ease by comparing men in each age decade with con­
trol subjects in the same age group. All men in sam-

TABLE II 
COMPOSITION OF TWO SEPARATE RANDOM SAMPLJTS 

OP HEMP WORKERS 

Sample 

A f t Group (yr.) 

20-39 40-59 60-69 

Total No. No. Total 
No. No. Ab- Refu- No. in 
Seen Deaths sent* sals Sample 

A 
B 

Total 

24 
19 
43 

28 
30 
58 

17 
16 
33 

69 
65 

134 

5 
4 
9t 

23 
27 
50 

3 
4 
7 

100 
100 
200 

• Includes men who could not be located or who resided elsewhere 
at the time or study. 

t One of byssinosis and four of other lung diseases. 
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528 Chronic Respiratory Disease ii_ Hemp Workers—Boulwys et a!. 

pics A and B were either seen and studied, or the 
reason for their absence (mainly death or departure 
from town) was investigated. Home visits were made 
to reluctant men; refusals were few (Table n). 

Ax control subjects we first used seventy-nine agri­
cultural workers from the same town (group C). These 
were, in part, volunteer subjects who were invited to 
participate when they happened to visit the trade 
onion office. Others were selected at random from a 
list of men employed in fanning. Since several of these 
men bad worked with hemp at some time, mostly in 
the field, other control groups were studied as well. 
These were (1) a group of thirty-eight agricultural 
workers seen in another village, Rafal, in 1965, de­
scribed previously (group D, [2]); (2) 168 workers in a 
marble-cutting factory (group E) and a shoe factory 
(group F) in a third town, Monovar. In groups E 
and F, the total male population between twenty and 
sixty-nine years of age, at work on the day of study, 
was studied. 

Previous experience led us to expect to find many 
disabled older men among the hemp workers. We 
therefore also solicited participation of active or 
retired batters or hacklers aged fifty to sixty-nine 
years not included in the two random samples, with­

out random selection. In this way a total of 146 of the 
258 men (51.8 per cent) in this age and job category 
were seen, compared to seventy of 691 (10.1 percent) 
in the age group twenty to forty-nine years." 

RESULTS 

Respiratory Symptoms. T h e average prevalence 
of symptoms and the smoking habits among all 
men seen are summarized in Tabic in. Of the 
200 men in the two random samples of hemp 
workers 33 per cent were not seen, mostly be­
cause of death or absence from town (Table n) . 
Of the 141 men in the samples who resided 
permanently or temporarily in or nearby Gallosa 
at the time of study, 95 per cent were seen. 

The men in the random samples A and B did 
not differ with regard to the high prevalence of 
respiratory symptoms. Since the age distribu­
tions within these two samples were also similar 
(Table n) , the two groups were pooled for com­
parison with the control subjects. Among the 
control groups, the farm workers in Callosa de 
Segura (group G) had a significantly higher 

TA*U& in 
CHROMIC RESPIRATORY SYMPTOMS AND SMOKING HABITS AMONO HEMP WORKERS AND CONTROL SUBJECTS 

* 

Group 

C 
DJ . 
£ 
F 

A 
B 

C+D+E-f-F 
A-fB 

.No. 

79 
38 
92 
76 

* 

69 
65 

285 
134 

A«e 
(yr.) 

47.1 
40.4 
45.8 
43.3 

45.8 
47.4 

44.8 
46.5 

Persist­
ent 

Cough 
(%) 

33* 
11 

' 12 
13 

41$ 
43 

I9# 
42 

Persist­
ent 

Phlegm 
(%) 

38* 
13 
18 
20 

49$ 
52 

Dyspnea 

Grade 
2+ 
(%> 

Grades 
4-5 
(%) 

(7) Control Subjects 

45* 
18 
30 
28 

(2) Stmp 

51$ 
55 

«t 
3 
3 
3 

Workers 

22$ 
20 

Past Illness 
from 

Chronic 
Bronchitis 

(%) 

n$ 
0 
5 
7 

32 J 
46 

(4) Combined Hemp Withers and Controls 

t*§ 
51 

32/ 
54 

Si 
21 

7/ 
39 

Smoking Habits (gra./wk.) 

^o 
^(%) 

131 
13 
25 
33 

* 

*~26t 
17 

22$ 
22 

<50 
(%) 

n 
a 

18 
! • 

10$ 
18 

13$ 
14 

>50 
(%) 

62$ 
63 
47 
47 

46$ 
42 

54t 
44 

Ex 
(%) 

16$ 
8 
9 
4 

16$ 
20 

n 
18 

Qgar 
tad 
Pipe 
(%> 

1 
0 
1 
1 

2$ 
3 

1 
2 

NOTE: Groups A, B » randomly selected hemp workers in Gallosa de Segura; group G = farm workers in Gallosa 
de Segura; group-D •• farm workers in Rafal; group E — marble workers in Monovar; group F ~ shoe workers in 
Monovar, Significance (x*) tests for (1) arc for comparison within the control groups (C-f-E-J-F). Significance tests 
for (2) are for comparison of hemp worker groups A and B. Significance tests for (3 J arc for comparison of all hemp 
workers with all control subjects, 

* p < 0.01. 
t p < 0.05. 
$ Not significant. 
{ Smoking habits not recorded in three subjects (8 per cent). This group not included in x2 test because of too small 

expected prevalences. 
# p < 0.005. 
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prevalence of most chronic respiratory symp­
toms; this group also included fewer nonsmokers. 
Group D was omitted from this comparison 
within the control groups since their numbers 
.in most .categories were too small. 

%* tests revealed.no significant differences be­
tween hemp workers and control subjects with 
regard to smoking habits. However, the hemp 
workers had significantly more respiratory symp­
toms and dyspnea. One fifth of the hemp work-
exssaid they were short of breath at rest or dur­
ing slight exertion (dyspnea grades 4 and 5), 
whereas only 5 per cent of the control subjects 
were similarly disabled. These dyspnea grades 
refer to shortness of breath in the absence of 
dust exposure. 

Hemp workers and control subjects at different ages: 
The increased prevalence of respiratory symp­
toms among hemp workers occurs primarily 

among the older men (Tables iv and v) . For men 
aged twenty to forty-nine years the prevalence 
of symptoms does not differ significantly between 
hemp workers and controb (Table iv), although 
there is a trend towards more symptoms among 
the forty to forty-nine year old hemp workers. 
Smoking habits, likewise, do not differ between 
hemp workers and controls up to age forty-nine. 

Among the men aged fifty to sixty*nine years, 
the prevalence of symptoms and the smoking 
habits among the randomly selected hemp work­
ers (A and B) are compared with those among 
the hemp workers who were not thus selected 
(G and H; Table iv). No significant differences 
existed between these two groups. Within the 
various control groups the prevalence of symp­
toms and the smoking habits were also similar. 
Therefore, the results in all hemp workers aged 
fifty to sixty-nine years were pooled and com-

TABLE zv 
CHRONIC RESPIRATORY SYMPTOMS AND SUCKING HABITS AMONG HEMP WORKERS AND 

CONTROL SUBJECTS AT DIFFERENT ACES 

• 
* 

Group* 

.»• 

Controls. 
Hemp workers 

+ 

Controls 
Hemp workers' 

Hrmp workers 
<A+B) 

Hemp workers 
(G-f-H) 

Controls , 
All hemp workers 

( A + B + G + H ) 

No. 

75 
43 

-

83 
27 

64 

82 

99 
146 

Average 
Age 

Cyr.) 

32.7 
29.8 

43.9 
43.1 

59.2 

60.0 

57.3 
59.6 

Persist­
ent 

Cough 
(%) 

21 f 
14 

12t 
26 

67t 

72 

2 6 ! 
70 

Persist- -
ent 

Phlegm 
(%) 

Dysp 

Grade 
2-b 
(%) 

Age 20-39 Years 

24f 
16 

m 
21 

Age 40-40 Years 

lBf 
33 

27f 
41 

Age 50-69 Years 

ait 

70 

311 

84 

Age $)-69 Years 

31 § 
75 

55 § 
83 

nea 

Grades 
4-5 
(%) 

n 
2 

st 
4 

41 f 

34 

HI 
37 

Past 
Illness 
from 

Chronic 
Bronchitis 

' ( % ) 

+? 

3* 
12 

iot 
26 

611 

62 

9{ 
62 

Smoking Habits 

0 
(%) 

27f 
23 

.27f 
19 

m 
20 

18f 
16 

<50 
(%) 

l i t 
9 

281 
19 

16t 

22 

58 
19 

>50 
(%) 

S7f 
49 

39 f 
56 

36 f 

30 

60§ 
33 

(gra./wk.) 

Ex 
(%) 

5t 
14 

7f 
7 

31 f 

22 

14J 
26 

Cigar 
and 
Pipe 
( « ) 

0 
0 

0 
0 

5 

6 

3 
5 

* Hemp workers (A-f*B): persons included in random samples A and B. Hemp workers (G+H): persons who were 
not randomly selected; Bfty to fifty-nine years (G) and sixty to sixty-nine years old (H). Tests of significance (x1) were 
performed for comparison of controls and all hemp workers within each age group, and of hemp workers A + B versus 
G-f*H- Other significance tests: Past illness from chronic bronchitis in twenty to forty-nine year old hemp workers 
versus controb not significant; cough, phlegm, dyspnea 2 + and smoking habits within fifty to sbcty-nine year old 
controls (groups C, E and F), all not significant. 

f Not significant. 
% Not tested because of too low expected prevalences, 
| p < 0.005. . . 
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TABLE v 
SUOXZNO HAMTS AND MSJXRATOR.Y SYMPTOMS AMONG- MEN ACED FIFTY TO SlXTY-NttfE YEAJtS 

Group 

"(1) Controls 

(2) Hemp workers 

(3) Controls 

(4) Hemp workers 

(5) Controls 

(6) Hemp workers 

Nb-

20 

52 

52 

47 

14 

38 

Average 
Age 
(yrO 

Persistent 
Cough 

Persistent Dyspnea, (%) 
Phlegm — ^ _ — — _ _ _ _ 

(%) Grade 2-f- Grade 4-5 

iVon- and Light Smokers ( <5Q &n.fwstk) 

56.3 

5&.0 

10 

69 

15 
* 

63 

MHttrtlt and Hnay Smokers ( >50 gm.fweck) 

57.7 

58.9 

57.6 

61.2 

31 
* 

66 

Ex-Smokers 
36 
X 

79 

37 
* 
74 

36 
* 

87 

35 
* 
81 

63 
t 

81 

71 
t 

87 

10 
f 
34 

. 

10 
t 

30 

14 

t 
45 

Past Illness 
from Chronic 

Bronchitis 
(%) 

15 
* 
63 

10 
• 

51 

21 
* 

79 

None: Controls: groups C, E, and F (described in text). Pipe and cigar smokers excluded from ail groups. There 
were no significant differences between controls (1), (3). and (5), or between hemp workers (2), (4) and (6) (x* test). 
Significance of differences between controls and hemp workers in each smoking category. 

*p < 0.005. 
f Not significant, 
tp <o.oi. 

pared with those in the combined control groups. 
This comparison shows a highly significant 
difference with respect to all symptoms, as well 
at significant differences in smoking habits. All 
rtspiratory^symptoms are more prevalent among 
the hemp workers; 37 per cent of these men said 
they were short of breath during slight exertion. 
Fewer of them were heavy smokers, and 26 per 
cent had stopped smoking cigarettes, many on 
doctor's orders or because they thought that 
smoking Increased their symptoms. The men 
fifty to sixty-nine years of age are compared with 
respect to occupation and smoking history in 
Table v. The x2 test showed no significant differ­
ences among the hemp workers in the three 

TAIUS VI 
KSTOKY OF SYMPTOMS ON MONDAY 

AMONG HEMP WORKERS 

Age Group 

20-49 
50-69 
Total 

Negative 

No. % 

15 
13 
23 

21 
9 

13 

Poiitii 

No. 

55 
133 
188 

/c 

% 

79 
9t 
87 

Total 

(No.) 

70 
146 
216 

NOTE: X1 test: 5.45; p < 0.05. 

smoking categories for the prevalence of per­
sistent cough and phlegm, past illness from 
chronic bronchitis and dyspnea. When the hemp 
workers are compared with the controls within 
each category of smoking, the prevalence of 
most symptoms is significantly higher among 
the hemp workers. Although smoking habits do 
not seem to affect the prevalence of symptoms 
among the hemp workers, such an effect seems 
to be present among the controls. The heavier 
smoking control subjects and the ex-smokers 
have more symptoms than the control subjects 
who do not smoke or smoke less. However, the e£ 
difference is not statistically significant. 

Byssznosis: history of symptoms on Monday (Table 
rr)„ In all men seen inquiries were made about 
the occurrence of such symptoms as chest tight­
ness or breathing difficulty on Mondays or on 
any other workdays. None of the controls had 
such symptoms. Since most hemp workers (90 
per cent) in the random samples A and B and 
in groups G and H were no longer active in the 
trade, most answers referred to symptoms ex­
perienced in the past. Of all the hemp workers 
87 per cent admitted to having had dyspnea on 
Mondays while at work. This percentage was 
significandy higher among the older men. The 
thirteen men aged fifty to sixty-nine years who 

• 
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TAILS vn 
USFXXATOKY SYMPTOMS AND BY5SXNGSXS IN ACTXVX 

BZKT WOJUCIKI IN 1965 AND 1967 

Data 

No, 
Age (yr.) 

Mean 
Range 

Exposure (mean, yr.) 
Bysssnotis grade 

0 
05-1-2 

Persistent cough (%) 
Tersutent phlegm (%) 
Dyspnea grade 2 + (%) 

Weekend 
Mood ay 

Past illness from chronic bron-
chitU(%) 

Smoking 
gin. per week 

v % nommokers 

1965 

13 

45 
37-61 
28 

K»%) 
12(92%) 
38 
69 

46 
92 

46 

94 
38 

1967 

37 

4t 
18-61 
27 

13(35 % } • 
24(65%)* 
43* 
62* 

38* 
49f 

# 

13f 

103 
57* 

NOT*: 1965 data from Bouhuys et at [2], gm. 'per week 
noting » average for smokers only. Difference be­

tween 1965 and 1967 data: *Not significant (x* test); 
t p < 0 . 0 5 , 

had never had dyspnea on Mondays also bad 
fewer chronic respiratory symptoms than their 

..contemporaries with such symptoms in the past 
Random samples and labor migration. A large 

number of men from Callosa de Seguht have 
thejr permanent residence abroad or elsewhere 
in Spain. Absence from town, because of this 
labor migration, was the main reason why only 
67 per cent of all men in the random samples 
were seen. However, the 134 men from samples 
A and B whom we did see include forty-four 
men who stayed in Callosa temporarily, for 
holidays, but had their permanent residence 
elsewhere. These forty-four migrants had fewer 
respiratory symptoms than residents, at similar 
ages, but the migrants also had fewer years of 
exposure to hemp dust. When the migrants were 
compared with residents matched for duration 
of exposure and age, no difference was found 
between the two groups, both with respect to 
symptoms and to the prevalence of low FEVX., 
values.*1 

Family history of respiratory disease: A large 
number of hemp workers said that one or more 
relatives (parents, siblings or own children) had 
asthma, bronchitis or both. Among the 134 men 
in samples A and B, fifty-eight men (43 per cent) 
gave such a history. However, the majority of 
these affected relatives worked in hemp. When 

these were excluded, only nine men (7 per cent) 
gave a history of asthma or bronchitis among 
their relatives, probably not related to exposure 
to hemp dust. Thus, a predisposition towards the 
development of asthma or bronchitis may exist 
only in a small minority of the hemp workers. 

Active workers: We interviewed thirty-seven 
hemp batters and hacklers still active in the 
trade, fifteen of whom were included in sample 
A, B, G or H. These men work in several small 
hemp plants or in shops in their own home. 
The data in these men were compared to those 
obtained in active workers in 1965 (Table vn). 
The men active at present are slightly younger 
and thirty-five per cent have never experienced 
symptoms on Monday (versus 8 per cent in the 
1965 group). They have also had less .illness 
from chronic bronchitis, but the prevalence of 
other respiratory symptoms is similar for the two 

20 40 
AGE, y*ars 

himpworktrs, 

60 

&& controls 
Fie. 1. Bars: mean FEVLH adjusted for age (at average 
age shown, for each ten year group, within the bars) and 
for height (165 cm.). Hatched bars: hemp workers in 
samples A and B. Gray bars: hemp workers in groups 
G and H (see Table rv). Cross-hatched bars; control 
groups C, D, £ and F. lines: broken line, regression of 
FEVLt on age, height 165 cm, in control subjects; 
drawn line, similar for hemp workers. Regression equa­
tions: Controls: FEVj.. - -1.689 + 0.039( ±0.010; 
p » 0.95) X height (cm.) - 0.038( ± 0.006; p » 0.95) 
X age (years). Hemp workers: FEVi.#"« —2.938 
+ 0,05l(± 0.017; p ~ 0.95) X height (cm) - 0.059 
( ± 0.009; p - 0.95) X age (years). Terms in brackets 
are ranges of variation of each of the four coefficients for 
a probability of 0.95. That is, there is 5 per cent or less 
chance that the coefficients exceed this range. Difference 
between mean adjusted FEVLO for hemp workers and 
controls aged fifty to sixty-nine years: F » 38.04, 
p < 0.005. The similar differences for men aged twenty 
to forty-nine years are not significant. 
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groups. Among the men now active fewer have 
symptoms on Monday than their retired col­
leagues of the same age, seen in the present 
ttudy. However, the numbers in each group are 
too small for detailed analysis. 

Pulmonary Function. An analysis of co-vari­
ance for FEVLO as a function of age and standing 
height was made for the total material and for 
several subgroups. There were no differences 
between the hemp worker groups (A and B) or 
between the control groups (C, D, E and F). 
Accordingly, these data were pooled into two 
groups. In Figure 1 the regression data are com­
pared for groups A and B versus groups C, D, E 
and F. The regression coefficient of FEVj.0 on 
age differed significantly (F = 12.98; p <0.005) 
between controls and hemp workers. FEVi.o de­
creases more with age among the hemp workers 
than among the controls. 

Within each age decade the effect of age on 
FEYLO is BO longer different between the con­
trols and hemp workers. Analysis of variance 
shows that, after removal of the variation due to 

ave FEVm in hempworkers (^1) 
and contra! subjects (E§3) aged 
5 0 - 6 9 years 

Fw. 2. Mean adjusted FEVi.» (for age fifty-nine years 
and height 165 cm.) for men fifty to sixty-nine years old, 
In different smoking categories. Differences between 
hemp workers and controls are significant in all five 
categories (p < 6.025 to p < O.0O5J. Other significance 
teats: Controls.' 0-49 w. >50> p < 0.05; 0-49 vs. Ex, 
p < 0.01; >50 vs. Ex, not significant; 0-49 4- Ex w. 
£ 5 0 + Ex, p < 0.025. Hemp workers: 0-49 w. >50, 
p < 0.025; 0-49 ss. Ex, not significant; >50 vs. Ex, 
p < 0.005; 0-49 -f- Ex PS. >50 -f Ex, not significant. 
0-49 and >50 indicate present smoking in grams 
week. Ex =* ex-smokers. 0-49 •+• Ex and >50 + Ex 
indicate all men who now smoke or used to smoke 
0-49 or >50 grams per week, respectively. 
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Fio. 3. Regression of TEVuu on age (for height 165 cm.) 
in non- and light smokers aged twenty to forty-nine and 
fifty to sixty-nine years. Drawn lines: hemp workers; 
broken fines: controls. The slopes of the equations, 
within each age group, do not differ significantly. The 
mean adjus'ted FEVi.* for men aged twenty to forty-nine 
years is similar for controls and hemp workers (F •• 0.10; 
p > 0.25); for men aged fifty to sixty-nine years the 
adjusted FEVj.a values differ significantly (F » 17.33; 
p < 0.005). 

regression on age and height, the mean adjusted 
FEV^o differs significantly between hemp work­
ers and controls in the decades fifty to fifty-nine 
and sixty to sixty-nine years, but not in the 
lower decades (Fig. 1). The mean adjusted 
FEV1.0 among the older hemp workers was simi­
lar for the randomly selected men (A, B) and 
the others (G, H). 

We also analyzed the FEVx.o data with re­
spect to smoking habits. In neither smoking 
category did the regression analysis for FEVi.« on 
age and height show any significant difference 
between, the twenty to forty-nine year old con­
trols and hemp workers. In contrast, hemp 
workers aged fifty to sixty-nine years had a 
significantly lower FEVLO (after removal of the 
effect of age and height) than control subjects 
in die same smoking category. This was true 
regardless of the manner of grouping, i.e., 
whether considering ex-smokers as a separate 
group (Fig. 2, upper half) or whether including 
them with men of similar habits who still smoked 
(Fig. 2, lower half). 

A surprising feature of the data in Figure 2 is 
that moderate to heavy smoking hemp workers 
have a significantly higher FEVi.* than the non­
smoking or light-smoking hemp workers. Among 
the hemp workers the ex-smokers have a much 
lower FEVi.o than those who still smoke. A 
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TfcBLEVm 
ACTUAL n v L f vxaan ZXKCTXD VAiMzs IN CONTROL 

tOBJXCTS AHO HEMF WORKERS 

Group 

Controls -
Hemp workers 

Control* 
Hemp workers 

Controls 
Hemp workers 

No. 

FEVL# 

<80% <50% 
of Expected of Expected 

Age 20-39 Yters 
75 4 0 
43 5 0 

Age 40-49 Years 
83 7 2 
27 15 0 

Age 50-69 Years 
89 24 4 

146 61* 31* 

NOTE: Expected values from Veterans Administration 
nomogram [6"]. 

*p < 0.005. 

complete statistical analysis of the relations be* 
tween smoking, exposure to hemp dust and 
FEVuo is reported elsewhere [7]. 

The effect of exposure to hemp dust per se 
appears most clearly from the FEVi„0 data ob­
tained in men who never smoked more than 49 
gm. per week (Fig. 3). Between ages twenty and 
forty-nine years there is no significant difference 
between controls and hemp workers, but between 
age* fifty and sixty-nine years the hemp workers 
have a much smaller F£Vi.0 than the control 
•objects. Jn both age categories the slopes of the 
regression lines are not significandy different. 

Forced expiratory volume compared to expected 
values: The FEV£.o data were also individually 
compared to the values expected for age and 
standing height, from the Veterans Administra­
tion nomogram [6]. This allows an analysis in 
terms of the number of persons with a low 
FEVi.« among specific subgroups. The percent­
age of those with low FEV^o values was similar 
for the randomly selected older hemp workers 
and the other Jhemp workers in age group fifty 
to sixty-nine; -these have therefore been com­
bined in Table vni. Of the older hemp workers 
31 per cent have an FEVl>0 less than half the 
expected value, compared to only 4 per cent of 
the control subjects of that age. None of the 
controls, but 18.5 per cent of 146 hemp workers, 
aged fifty to sixty-nine years, had an FEVi.o of 
1.00 L. or less. 

Effect of isoproterenol on FEVU<J: W i t h few ex­
ceptions, men with an FEVX.„ less than 80 per 
cent of expected were given isoproterenol by 

V O L . 46, A F R I L 1969 

inhalation, and their FEVL» was determined 
again after twenty to thirty minutes. The aver­
age increase in FEVL t induced by isoproterenol 
was small, and similar for all men with a low 
FEVi.t, whether control subjects or hemp work­
ers (Table DC). The loss in pulmonary function 
in those with a low FEVY.o seems to be mosdy 
irreversible by a single bronchodilator treatment. 

Duration of exposure to hemp dust and FEV1& A n 
analysis of multiple correlation for FEVj.o with 
respect to age, height and numbers of years of 
exposure to hemp dust in the industry showed 
that the duration of exposure had no significant 
effect on F E V ^ Q . Nearly all men entered the 
trade at about the same age (twelve to seventeen 
years). Duration of exposure and age correlated 
significantly (r = +0.89). Therefore, the effects 
of age and of duration of exposure are indis­
tinguishable. 

FE¥\ji and history of dyspnea on Monday: T h e 
majority of hemp workers aged fifty to sixty-nine 
years had an F E V ^ Q less than 80 per cent of the 
expected value (Table vui). Among these were 
thirteen men who had never had symptoms of 
byssinosis (Table vi). Of these thirteen men 
eleven (85 per cent) had an FEV1.0 more than 
80 per cent of the expected value, i.c., a presum­
ably normal value for their age and height, 
compared to only 3? per cent among those who 
did have symptoms on Monday. This difference 
is significant (Table x). 

COMMENTS 

Our previous study in CaHosa de Segura [2} 
led us to suspect that there are many respiratory 
cripples in that town, and that exposure to hemp 
dust is the most likely cause of the high pre­
valence of chronic respiratory disease. These 

TABLE IX 
EFFECT OF ISOPROTERENOL IN KEN WITH DECREASED 

FORCED EXPIRATORY VQLUUES 

Group 

Controls 
Hemp workers 

Controls 
Hemp workers 

Average 
Control 
FEV... 

No. (L.) 

Age 40-49 Years 
5 1.92 
4 2.32 
Age 50-69 Years 

20 1.63 
87 1.25 

A P E V M 

L. 

+0.15 
+0 .19 

+0.21 
+0.11 

% 
Increase 

7.8 
8.2 

12.9 
8.8 

NOTE: A F E V L * ~ increase of FEVL» after isopro­
terenol administration. 
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• r TAIUX 
rXVLt AND HISTORY OP DYSPNEA-ON MONDAY AMOK0 

" SZUP WORKERS AGED FIFTY TO SIXTY-NINE YZAAS 

FEVa.0 FEV,., 
> M % <80% 

of Expected of Expected 

History of Monday 
• Symptoms 

No. with symptoms on 
Monday at present 
or in past 

No. who never had 
symptoms on Monday 

Total ao. 

No. 

45 

11 
56 

% 

34 

85. . 

No, 

. 

88 

2 * 
90 

% 

66 

15 
. 

' Total 
No. 

• 
133 

13 
146 

NOTE: XU. p < 0.005. 
' *Onc nonsmoker, one lijht smoker (<50 gm. per 
y*kJ); FEVi ~ 65 and 68 per cent of expected. 

suspicions have been confirmed by the present • 
study. ' ' \ \ ' " •' '*•-

Our-conclusions may be in error if the meth­
ods of selection led to overrepresentation of 
diseased subjects among the hemp workers or of 
healthy subjects among the control groups- Such 
factors are difficult to exclude in transscctional 
'population studies, but we believe they do not 
operate to any marked extent in our study. Some 
•possible sources of errors will now be discussed. 
. The results obtained among four different 

control groups (C, D, E and F) were similar, 
except for a higher prevalence of some symptoms 
and a lower percentage of nonsmokers among 
group C. Control group C and the hemp 

40 
% 

30 

SO 

10 

- ' — i • --w r— 
ACE 40-39 

• 
•—• 99 hwnpworktr* 
A—4103 controls 

" 1 
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•O -̂O Holland 4 Srwi»,»65 ' \ 
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* Av ^v. 
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tta. 4. frequency distribution of FEVu* (in intervals 
of 0.5 L.) in the present subjects (hemp workers and 
controls) and in 625 U.S. telephone men (Holland and 
Stone UD- All three curves show an approximately 
normal distribution. 

worker groups G am1 H (fifty ro sixty-nine years 
old) were selected similarly; the prevalence of 
symptoms is much greater among the latter than 
among the farm workers in group C. The higher 
prevalence of symptoms in control group G than 

.among the other control groups may be due to 
"occasional exposure to hemp dust. Many men 
in group G had at some time worked with hemp 
in the field, and may have been exposed to hemp 
dust for short periods. The FEV1.0 in group C 
did not differ significandy from the values in the 
other control groups. Any chronic effect of hemp 
dust in these men Is therefore probably not 
severe enough to depress ventilatory capacity. 

The data from control groups E and F might 
be biased in favor of healthy men since all these 
subjects were active industrial workers. In con­
trast, most of our hemp workers were classified 
as "retired." Actually, the large majority of our 
hemp workers were gainfully employed in other 
trades. In agricultural towns, such as Cailosa de 
Segura, old and disabled men are taken care of 
by their relatives. Even severely disabled men 
may perform minor jobs. I t is therefore difficult 
to make a sharp distinction between active and 
retired workers. 

The prevalence of symptoms in all the control 
groups combined is similar to that observed in 
other studies of men not exposed to occupational 
inhalation hazards, such as U.S. telephone men 
[5] and men in a Canadian rural town [70]. In 
our controls the prevalences of dyspnea grade 4 
and 5 was slightly higher and illness from chronic 
bronchitis slightly more than-in the subjects of 
Anderson et al. [70]. 

Comparison of the regressions of FEV\4o on 
age and standing height with those obtained by 
cithers also suggest that the present control 
groups are representative for male populations 
who smoke but are not exposed to other inhala­
tion hazards. The constants and the coefficients 
for height are nearly equal to those found in the 
Veterans Administration cooperative study [6] 
and by Ferris et al. [77]. The coefficient for age 
is slightly larger in our material than in these 
two studies, but is similar to the coefficients 
found by Huhti [72] for men aged forty to sixty-
four years in a Finnish rural community. Our 
control subjects have FEVi.0 values slightly 
lower than those of the U.S. telephone men 
studied by Holland and Stone [9] (Fig. 4), prob­
ably because of a smaller average body height. 
Control group E did not differ from the others, 
'although it consisted of men exposed to dust in 
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marble cutting operations indoors. Review of 
mass radiography films of 84 per cent of the men 
in group £ did not disclose any gross lesions of 
the lung which might have been caused by the 
inhalation of marble dust. Inclusion of group £ 
among the control groups stresses the fact that 
in hemp workers we are dealing not with effects 
of any kind of dust, but with effects of a textile 
dust with special toxic properties. 

That selection errors play no appreciable role 
in the results found among hemp workers is 
perhaps best shown by the similarity of the data 
obtained in the fifty to sixty-nine year old hemp 
workers, regardless of the method of selection: 
random or by invitation (Table rv and Fig. 1). 
Labor migration h probably not a serious source 
of bias, since we have some evidence that the 
men who were absent because of migration arc 
not a specially selected group. The migrants 
who returned for their holidays, and who were 
then available for our study, did not differ, as a 

-group, from the residents when duration of 
exposure to dust and age were taken into ac­
count* Therefore we believe that the lapse rate 
because of migration does not invalidate our 
conclusions. 
• * This is the more so since these conclusions are 
based mainly on the major differences between 
controls and hemp workers at the age of fifty to 

- sixty-nine years. Seventeen of eighty randomly 
sampled men in that age group were not seen. 
Of these, eight had died since the list of workers 
(Table i) was drawn up. The causes of death. 
were cannabosis (equal to hemp workers* byssin-
osis [7]) in one, other chronic lung disease (not 
cancer) in four and nonpulmonary disease in 
three. Of the remaining nine men, one refused 
to cooperate, three could not be located and five 
worked elsewhere. Thus, the number of possibly 
healthy men in this age group who were not seen 
is balanced by the number of those who died, 
and of whom at least five had chronic lung 
disease according to the death certificates. We 
therefore believe that lapse because of death 
or migration does not invalidate the conclusions 
drawn from our data in the fifty to sixty-nine 
year old men. 

A selection process does appear to determine, 
in part, which men still work in the hemp trade. 
More of the men still active in 1967 had never 
had symptoms of byssinosis on Monday than 
the men who were active in 1965 (Table VII). 
Most of the reactors among the men employed 
in 1965 had a large decrease in FEV*.o during 
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TAILS xt 
n.Vi.% IN Acrrvx KEMF BATTZJU AND KACXLCRS 

Data 1965* 1967 f 

Number of men 13 23 
Average age (yr.) 45 36 
Control FEV,.0 <80% of ex-

. pected value 5(38%) 3(t3%) 
Changeof FEVi.oon Monday-

Average change (L.) —0.33 —0.12 
(p <0 .01 ) (p < 0 . 0 2 ) 

No change or increase 4<31%) 7(30%) 
Decrease <0.20 L. 1( 8%) 9(39%) 
Decrease >0.20 L. 8(62%) 7(30%) 

* Data from Bouhuys et aL [2]. 
f Present study. FEV1.0 was measured before and 

after about six hours of work in hemp in twenty-three of 
thirty-seven active workers (Table vn). 

work on Monday; this was less common among 
the men now active (Table xi). That this differ­
ence is not caused by decreased toxicity of the 
dusty work environments was shown by the re­
sults obtained in five now retired workers and 
one healthy subject, in whom the FEVi.o re­
sponse to hemp dust was tested in 1965 and in 
1967, in the same rooms as the active workers. 
All reacted at least as severely in 1967. These 
data suggest that, as the hemp trade in Callosa 
contracts, the men with byssinosis have more 
incentive to leave the trade than the men who 
experience fewer respiratory symptoms- More 
widespread knowledge among these men about 
byssinosis as an occupational hazard may have 
contributed to this. The "nonreactors" might 
stay pardy because hemp work is better paid 
than farm work'in the Callosa area. 

The decreased ventilatory capacity of older 
hemp workers is to a large extent irreversible 
(Table tx). Sixteen men were treated with 
bronchodilator drugs during ten days; none of 
them showed more than a slight improvement in 
FEV1.0 or symptoms. Seven men first seen in 
1965, when they worked in hemp, were studied 
again in 1967. They had retired from hemp 
work when their plant was closed early in 1966. 
In none of them had the FEVj.o increased by 
more than 0.17 L. since 1965 (average for group 
2.68 L; in 1965 and 2.72 L. in 1967). 

We considered twenty-seven of 146 hemp 
workers aged fifty to sixty-nine years (18.5 per 
cent) to be severely disabled by ventilatory 
insufficiency, since their FEVj.o was 1.00 L. or 
less. These men also had severe dyspnea and 
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chronic respiratory symptoms. No such men 
were found among the control groups. From 
Table i i t can be seen th i t only fifteen of 949 
(1.6 per cent) batters and hacklers had been 
awarded pensions for disability caused by occu­
pational respiratory disease. Our study suggests 
that the prevalence of this type disability among 
the hemp workers of Callosa de Segura is much 
greater than indicated by the number of pen­
sions. In none of the disabled men did the history 
suggest nonpuimonary causes of dyspnea or pul­
monary function loss. Physical examination 
snowed signs of right heart failure (cyanosis, 
engorged central systemic veins, enlarged liver 
and ascites) in only one man. A more complete 
clinical evaluation of this group of disabled men 
is now in progress by one of us (A, Barbero). 

The majority of men who were hemp batters 
or hacklers have a less than expected ventilatory 
capacity at age fifty to sixty-nine. However, some 
men appear to escape the noxious effects of the 
dust, in particular those who never experienced 
dyspnea oh. Monday while at work (Table x). 
We believe that these men arc nonreactors [2]. 
In men who do not experience the acute symp­
toms of byssinosis, irreversible pulmonary func­
tion changes are apparently unlikely to develop 
in the long run. This does not prove that the 
agents responsible for the acute and the chronic 
effects of. the dust are identical. However, the 
following working hypothesis may be useful for 
further studies. The acute dust effects are most 
likely mediated by the release of histamine in 
lung tissue [2,73]. This release process may in­
volve at least temporary damage to mast cells 
in the lungs. The acute effect of the dust on 
Monday might represent a micro-insult to lung 
tissue, and repetition of these micro-insults 
regularly, over many years, would lead to irre­
versible damage to the structure of the lungs. 

The relationship between smoking habits and 
FEVLO among the older controls is in agreement 
with the view that cigarette smoking causes, in 
the long run, a slight but significant decrease in 
ventilatory oapacity. The relations among hemp 
workers are quite different (Fig. 2). We believe 
that the active smokers among them are selected 
with respect to the chronic effect of hemp dust 
[7]. Those who arc relative "nonreactors" to 
hemp dust remain healthy and may continue to 
smoke beyond age fifty. In those who react more 
severely to hemp dust, chronic obstructive lung 
disease is likely to develop. This lowers their 
FEV1.0 and compels them to stop smoking. This 

explains why the actively smoking hemp workers 
(Fig. 2) have a higher FEV1.0 than the non-
smokers and light smokers, whereas the ex-
smokers have a low F E V L Q . 

I t is of interest that this analysis of FEV1.0 data 
brings out relations which do not show from the 
analysis of chronic respiratory symptoms in 
Table v. The present data confirm the results of 
a previous survey among flax and cotton work­
ers, which showed lower FEVQ.TS values in these 
men, compared to control subjects who smoked 
considerably more than the textile workers [74]. 
In that study, too, the effect of flax or cotton 
dust inhalation appeared to override the effects 
of cigarette smoking. 

The prevalence of chronic respiratory symp­
toms and of ventilatory insufficiency (as defined 
by a low FEV1.0) among the older hemp workers 
is much higher than has been described in any 
previous population study on respiratory disease. 
This high prevalence occurs in a rural area with 
a Mediterranean climate, with few other sources 
of industrial air pollution and with a low den­
sity of motorized traffic. It occurs among non-
smokers or light smokers to the same extent as 
among heavier smokers. Prevalences among 
control subjects, living in the same general area, 
are comparable to those reported by others who 
studied chronic respiratory symptoms and pul­
monary functiorTxn occupational or residential 
populations. Little doubt remains that heavy 
and prolonged exposure to hemp dust is the 
cause of the high prevalence of chronic respira­
tory disease. We would not, however, have 
realized the magnitude of the problem if we had 
limited our study to .the men who are active in 
the hemp trade. The men now active are a 
younger group, probably biased in favor of those 
who do not react severely to exposure to hemp 
dust. We were able to see the retired workers as 
well, and this group presents a quite different 
picture. We could study these retired men be­
cause they live in a town in which the Spanish 
hemp industry used to be the main trade. In 
tracing occupational hazards, the need to study 
men who have left the industry is obvious from 
our experience in Callosa de Segura. 

Many physicians would diagnose the disease 
of older hemp workers as chronic bronchitis; 
this diagnosis had been made in many of the 
men in the present study. Chronic bronchitis, as 
defined at present, however, is a complex of 
symptoms rather than a disease with an estab­
lished pathogenesis. We prefer to diagnose bys-
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luxms grade in (Lc., permanent dyspnea, 
chronic respiratory symptoms and ventilatory 
insufficiency caused by textile dust exposure [3]) 
in Ac disabled hemp workers. We have pre­
sented evidence that the syndrome of "chronic 
btoochms" in these men is induced by exposure 
lo hemp dust* Therefore, wc believe wc arc 
rising with a disease with an .established en­
vironmental causation, and a progression from 
acute, short-lasting effects of dust exposure to 
chronic and permanent lung damage. It serves 
i t de purpose to classify this disease as chronic 
bronchitis, since that term conveys less informa­
tion than the diagnosis "byssinosis grade ni." 
The symptom complex of chronic bronchitis is 
widely prevalent, but our diagnostic efforts 
should not stop with what essentially is an em­
piric description of symptoms. We believe that 
tike large group of patients now diagnosed as 
having chronic bronchitis may include patients 
with various diseases with specific, possibly 
environmental causations. Exposure to hemp 
dust; and (on the basis of previous studies) 
cotton and flax dust as well, is one specific 
cause of "chronic bronchitis." Future research 
may discover other specific causes. Cigarette 
smoking is probably one of these, although our 
data suggest it is less deleterious than hemp dust, 
at least as far as the development of chronic 
respiratory symptoms and of decreased ventila­
tory-capacity is concerned. 
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