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Association between asbestos-related pleural plaques and
resting hyperventilation
by Zeljko Dulle MD,' Davor Eterovic, PhD,2Jadranka Tocilj, MD3

DUllC Z, ETEROVIC D, TOCILJ J. Association between asbestos-related pleural plaques and rest­
ing hyperventilation. Scand J Work Environ Health 1993;19:346--51. This study reports an associa­
tion between pleural plaques and resting hyperventilation in a group of workers exposed to asbestos.
Informationon exposure level, pack-years of cigarette smoking, chest radiographs, ventilationparam­
eters, single-breath diffusing lung capacity, and arterial gases were obtained for 344 workers. After
the exclusion of 37 workers for isolated parenchymal fibrosis, combined pleuroparenchymal fibrosis,
or diffuse pleural thickening, 55 subjects with isolated pleural plaques were evaluated against 252
no-plaqueworkers. A quantitative pleural score revealed mild pleural disease. Forty-fourworkers with
plaques (80%) had hypocapnia inducedby resting hyperventilation. The quantitativepleural score cor­
related significantly with the partial pressure of carbon dioxide in arterial blood (correlation coeffi­
cient = -0.7). A decrement in forced vital capacity was associated with plaques, whether controlled
for age, smoking, and exposure or not. It was concluded that the resting hyperventilation observed in
some asbestos-exposed subjects is related to the presence of mild pleural plaques and a restrictive
disorder.
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Long-term asbestos exposure can cause fibro sis of
the lung parenchyma or the pleura. Two pleural man­
ifestations are pleural plaques and, less frequently,
diffu se pleural thickening. The functional impairment
caused by the latter has been thoroughly investigat­
ed (1). As for pleural plaques, Oli ver et al (2, 3) re­
ported their association with restrictive functional
findings. Thi s issue has been recently reviewed by
Schwartz (4).

Our study concerns the significant pre valence of
resting hyperventilation and restrictive disorder in
asbestos-exposed subjects with mild pleural plaqu es.
Resting hyperventilation has previou sly been ob­
served only in advanced parenchymal and pleural
asbestosis (5), due to diffusion impairment, and in
patients chronic obstructive pulmonary disease (6),
due to ventilation or perfusion impairment.

Subjects and methods

We undertook a cro ss-sectional study of 344 work­
ers from the asbestos-cement factory in the indus­
trial zone of Split, Croatia. Two-hundred and eighty­
four of the workers were current emplo yees, and they
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amounted to 92% of all employees at the time of the
study. The remaining 58 were retired workers, out
of the 112 available from the retired work force. At­
tention was focu sed on 55 subjects (16 %) with iso­
lated pleural plaques. Therefore, to eliminate poten­
tial confounders, we excluded 16 subjects (4.7%)
with isolated parenchymal radiological changes (pro­
fusion score ::;111 according to the class ification
of the International Labour Offi ce), 17 subjects
(4.9%) with combined pleuroparenchymal disease,
and four subjects (1.1%) with diffuse pleural thick­
ening from the anal ysis. Thus 55 workers with iso­
lated pleural plaques were analyzed against 252 fel ­
low workers without plaques. The participants gave
their occupational and medical histories and under­
went physical examinations, chest radiographs,
spirometry, and other selected tests. The study was
approved by the Ethical Committee of the Hospital,
and informed consent was obtained from all of the
subjects.

Asbe stos exposure was mainl y to chrysotile, but
about 12% of the exposure was to croc idolite, also
used dur ing the 1950s up to 1964. The factory prod­
ucts contained 84-86% cement and the rest was as­
bestos. Asbestos exposure data were avail able for the
last 30 years . The exposures were assessed for each
workplace on an annual basis. Dust particles were
collected with an aspiration pump pro vided with fil­
ters of thin porous membranes of cellulose esters and
counted by phase contrast micro scopy, as the number
of fibers greater than 5 urn in length per milliliter.
The cumulative exposure to asbestos in fiber-years
for an indi vidu al was obtained as the concentration­
weighted sum of exposures throughout the employ­
ment period, except for the 1950s. The exposure level
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adjusts DLCO to the normal Hb value of 14.6 g. dl'
(12) and

is a factor to correct for COHb induced by DLco
measurement (12). We did not measure COHb; in­
stead we theoretically estimated an 0.7% COHb rise
per each test performed (13), while

when the FEV lo was <80% of the predicted value
and the FEV% was <70%.

The single-breath diffusing lung capacity for car­
bon monoxide (DLco) was measured with the subject
seated (MASTERLAB®, Jaeger, Germany), and the
predicted values were derived from Cotes & Hall
(11). The average of the two acceptable tests was
used. The measured DLco values were consecutively
corrected for carboxyhemoblobin (COHb), hemo­
globin (Hb), and partial pressure of oxygen in alve­
olar air (PAoz) as follows:

adjusts Dl CO to the normal PAoz value of 105 mm
Hg (13.97 kPa). This correction originates from our
previous report [14 (equations 13 and 14)] by adap­
tation to traditional units and adoption of the normal
value for the ratio of the pulmonary capillary blood
volume (Vc) and the membrane diffusing capacity
(Dm); that is, Vc/Dm was assumed to be 1.43 ml
blood· min· mm Hg . ml' CO.

For all of the subjects arterial blood was sampled
in duplicate via arterial lines placed in the radial ar­
tery. In order to avoid potential effects on ventila­
tion from the insertion of arterial lines, samples were
obtained about 20 min after insertion. Xylocain was

(equation 1)

(equation la)

(equation Ie)

(equation Ib)

DLCO"'''''''d = DLCOmeasu,ed' f(COBb)
. f(Hb) . f(P A02 )

f(COHb) = 1 + COHb(%)/lOO

f(Hb) = [10.22 + Hb(g' dl 1
) ]

1[1.7· Hb(g . dl- I ) ]

f(PA
02

) = (1.1/8)· (1+1.43·8)/2.57

8 =0.006 (PA
02

(mm Hg)-IO) + 0.33

where

for the 1950s was taken to be 3 fibers· ml'. Rough­
ly, the average concentrations were about 3
fibers- ml-1 in the 1960s, 2 fibers· ml' in the 1970s,
and 1 fiber· ml' in the 1980s. The factory was
closed in 1989. Smoking and respiratory histories
were taken as proposed by Ferris (7). A standardized
questionnaire on respiratory symptoms was carried
out by a trained chest physician. Dyspnea was eval­
uated only as a dichotomous variable, since a more­
reliable related parameter, partial pressure of carbon
dioxide in arterial blood (Pacoz)' was being measured.

The anthropometric characteristics, smoking
habits, and exposure level of the workers are shown
in table 1 according to the presence or absence of
pleural plaques. The mean fiber-years was 32.7
(range 2-78), and 41.9% were current smokers with
mean pack-years of 31.4 (range 3-65). The mean
pleural score was 13.6 (range 4-51). The group with
plaques was significantly older and more heavily ex­
posed, included a larger proportion of smokers, and
had a greater mean of pack-years of cigarette smok­
ing.

Standard posteroanterior radiographs at full inspi­
ration were taken and read independently by two ra­
diologists trained in the system of the International
Labour Office (ILO) for classifying radiographs (8),
without knowledge of the epidemiologic, clinical,
and lung function data. Their average ILO score was
adopted. Pleural plaques were defined when a
plaque-like thickening at the lung pleura interface
along the lateral thorax or either hemidiaphragm was
2 mm or more. Quantitative pleural scores were ob­
tained according to Oliver et al (2).

Forced vital capacity (FVC), forced expiratory
volume in I s (FEV lo), the FEV% [(100· FEVlo)1
FVC], and the maximal expiratory flow rates at 25
and 75% of the FVC (FEFz5_75%) were measured with
a spirometer (Mijnhardt VICATEST®, The Nether­
lands) using standard criteria of the American Tho­
racic Society (9). The largest value of three accept­
able maneuvers was used. Predicted values were ob­
tained from Cotes (10). Minute ventilation (VE) ,

breathing frequency (f), and tidal volume (VT) were
also obtained on the same equipment. Restriction was
defined as an FVC of < 80% of the predicted value
and an FEV% of ~70%. Obstruction was assumed

Table 1. Demographic and exposure characteristics of the plaque and no-plaque groups.

Age (years) Smoking category Pack-years of cigarette Exposure in fiber-yearssmoking

Group Non- Ex-smoker Current

Mean SD Range smoker smoker Mean SD Range Mean SD Range
(N) N % N %

Plaque
(N =55) 58.2 10.1 46-66 12 9 16 34 62 37.7 29.4 0-183 39.6 12.3 28-78

No-plaque
(N = 252) 50.8 12.0 23-63 114 43 17 95 38 29.5 23.9 0-162 31.2 17.8 2-73

Total
(N =307) 52.1 11.8 23-66 126 52 17 129 42 31.4 25.3 0-183 32.7 16.9 2-78
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used as the local anesthetic; the volumes of drawn
blood ranged from 1.5-2 m!' The average values of
the two measurements of Pacor PaOl' and pH were
adopted (ABL- I, Radiometer, Denmark). The ma­
chine used for the measurements had a built-in au­
tomatic calibrating set for periodic checks every
20 min. Hypocapnia was assumed when the value of
PaCOl was less than 35 mm Hg (4.66 kPa), while the
normocapnic range was defined as a PaCOl of 35­
45 mm Hg (4.66- 5.99 kPa). The subjects with
plaques were not aware of their plaque status.

We emphasize that the no-plaque group should not
be considered strictl y as a reference group in the
statistical sense, but rather as a comparative group
of fellow workers from the same factory. Since the
two groups were formed by the discriminative cri­
terion of having pleural plaque s proved to be differ­
ent regarding many anthropometri c and exposure pa­
rameters, besides simple univariate tests, the remain­
ing associations between the presence of plaques and
pulmonary function were examined by multivariate
tests, potential confounders being controlled for.

The test results were expre ssed as means and
standard deviations. For the univariate analyses the
Mann-Whitney and chi-square tests were used to
evaluate the significance of the differences in the
pulmonary function tests, arterial blood gases, and
prevalences of restriction and obstruction between
the plaque and no-plaque groups. To evaluate the as­
sociations between pleural plaques and the various
functional parameters that remained after control for
the potential confound ers of age, asbestos exposure,
and smoking, a logistic regression was used. The re­
lation between the quantitati ve pleural score (QPS)
and the PaC02 was assessed by linear regression.
A P-value of <0.05 was considered significant.

Results

For the workers with plaques the mean FVC was
75.8 % of the predicted value, the mean FEF25_75%

was 88.2% of the predicted, the mean FEV% was
114.7% of the predicted, and the mean total lung ca­
pacity was 89.3% of the predicted. All of these
values were significantly different from those of the
workers without plaques (Px l fr", P = O.OOOl , P<lO-6,
and P = 0.000002, respecti vely) (table 2). Both the
mean measured DLCO and corrected D

Lc o
were sig­

nificantly lower in the group with plaques than in the
no-plaque group (P < 10-6 and P =0.003, respective­
ly) (table 2). Forty-two percent in the plaque group
(23 of 55 workers) had restrictive disorder, compared
with 16.7% of the no-plaque group (4 1 of 252 work­
ers) (P = 0.00005). Thus the risk ratio for having a
pulmonary restriction between the plaque and no­
plaque group can be assessed as 23:55/4 1:252 =2.57.
As for the obstruction, the two groups did not differ
significantly (P = 1.0) (table 2).

For the workers with plaque s the mean breathing
frequency was 20.2 breaths· min-I, a value which is
1.41 times greater than the 14.3 breaths- mirr ' of the
no-plaque group (P < 10-6). Tidal volume (VT) was
also larger in the plaque group (P = 0.005). Con­
sequently tidal volume, being the product of f · VT'

was significantly larger in the group with plaques
(P<10-6). As a result of resting hyperventilation , Pam
and pH were increased, while PaC02 was decreased
in the plaque group when compared with the no­
plaque group (P < 10-6, for each comparison), and hy­
pocapnia was present more frequently in the subjects
with plaques (X2=232, P< 10-6) (table 3). Dyspnea
was reported by 74% of the workers with plaques (4 1
of 55 workers), which was a much higher prevalence
than in the no-plaque group (12% or 30 of 252 work­
ers) (X2 =96.5, P< 10-6).

In the logistic regression analysis, after control for
age, pack-years of cigarette smoking, and fiber-years
of asbestos exposure, the presence of hypocapnia
(P< IO ~) , decrements in FVC (% predicted) (P =
0.03), and total lung capacity (% predicted) (P =
0.08), as well as the increment in the FEV% (% pre­
dicted) (P =0.04), remained significantly associated
with the presence of pleural plaques (table 4). Dec-

Table 2. Results of the pulmonary function tests of the plaque and no-plaque groups. (FVC = forced vital capacity , FEV,.0 = forced
expiratory volume in 1 s, FEV% = (100 ' FEV1.ol/FVC, FEF25_ 75 =forced midexpiratory flo w rate , TLC =total lung capaci ty,
RV = residual volume, 0LCO = dif fusing lung capacity for carbon mono xide, 0 LCO : VA = ratio of 0 LCO to alveola r volume,
CO = carbon mono xide)

------ ---------
Mean SD Mean SD Mean SD Mean SD Mean SD

4 7.2 89.3 10.8 91.9 12.8 89.9 11.6 90.6 11.8 95.5 15.8

23 9.2 97.2 12.1 95.7 13.8 98.8 12.6 968 12.7 102.2 16.8

1.0 0.00002 0.062 <10- ' 0.OD3 0.OD2

27 7.9 95.8 11.8 95.0 13.5 97.2 12.3 95.7 12,4 101.1 16.5

Flow volume curve

Group FVC FEV,.o FEV% FEF,,_ T5
(%') (%') ('I. ' ) (%"l N %- - - - -- --- - - -

Mean SD Mean SD Mean SD Mean SD

Plaque
(N= 55) 75.8 12.7 86.8 10.6 114.5 9.7 86.2 15.2 23 41.9

No-plaque
(N=252) 92.2 9.9 89.0 12.0 96.5 8 8 97.1 10.2 41 16.2

P·value <10--<i 0.14 <10- ' 0.0001 0.OOD2

Tolal
(N=307) 89.3 10.6 86.6 11.6 99.7 9.0 95.5 11.6 64 18.5

a Pe rcen tag e of the predict ed value.
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Table 3. Ventilatory parameters and arterial blood gases of the plaque and no-plaque groups. (P802 = partial pressure of oxy­
gen in arterial blood, Pac02=partial pressure of carbon dioxide in arterial blood)

Ventilatory parameters Arterial blood gases Hypocapnia'

Group

Breathing
frequency
(breaths'

min-')

Tidal volume
(I)

Minute
ventilation
(I'min-')

Pac,
(mm Hg)b

Paco,
(mm Hg)b pH

N %

Mean SO Mean SO Mean SO Mean SO Mean SO Mean SO

32.7 1.5

37.5 2.0

<10-6

44 80

<10-6

14

o

447.39 0.04

7.42 0.03

7.38 0.04

<10-6

1.936.6

89.1 11.8

<10-6

99.7 14.3

91.0 12.3

8.5 1.1

6.9 0.8

6.5 0.7

<10-6

0.43 0.08

0.46 0.06

0.005

0.45 0.06

Plaque
(N =55) 20.2 2.5

No-plaque
(N =252) 14.1 1.9

P-vaiue <10-6

Total (N = 307) 15.2 2.1

a Defined as Paco, of <35 mm Hg.
b 1 mm Hg~0.133 kPa.

Table 4. Association of pleural plaques with various
parameters of pulmonary function after control for age, pack­
years of cigarette smoking, and fiber-years of asbestos ex­
posure. (FVC = forced vital capacity, TLC = total lung capaci­
ty, FEV1.Q = forced expiratory volume in 1 s, FEV% = (100 .
FEV1.0)/FVC, DLCO = single-breath diffusing lung capacity for
carbon monoxide, DLCO corrected = DLCO values consecutively
corrected for carboxyhemoglobin)

~ ~ ~ ~ ~ ~ • $ $ ~ $ ~ ~

Pac<2 (mm Hg)

Figure 1. Relation between the logarithm of the quantitative
pleural score (In QPS) and the partial pressure of carbon di­
oxide in arterial blood (paco,). (1 mm Hg z 0.133 kPa)

Parameter

Presence of hypocapnia
Increment in tidal volume
Increment in breathing frequency
Decrement in FVC
Decrement in TLC
Decrement in FEV1.Q
Increment in FEV%
Decrement in DLCO
Decrement in DLCO corrected

Significantly
associated with
pleural plaques

Yes
No
Yes
Yes
Yes
No
Yes
Yes
No

InOPS
3

2

• • •

•
• •

r~-o.7, p';'o

• •

•

rements in the measured D
LCO

(% of age, height, and
gender predicted) and increments in the breathing
frequency revealed a significant association with the
presence of plaques, after control for smoking and
exposure (P = 0.04 and P = 0.00002, respectively).
However, DLcocorrec,ed (% of predicted) was not found
to be significantly associated with plaques (P = 0.07)
(table 4). The logarithm of QPS exhibited a strong­
er linear relation to Pa

C02
than did the QPS itself (cor­

relation coefficient -0.70 versus -0.62) (figure 1).

Discussion

Exposure to asbestos can lead to a restrictive venti­
latory disorder, a decrease in lung static compliance,
and a reduction in lung diffusing capacity for car­
bon monoxide (15, 16). Recent longitudinal studies
have reported transient increases in D

LCO
and

FEF
Z5

_
75

% as the earliest functional abnormalities,
which are followed by normalization and ultimate

reduction in some asbestos-exposed subjects (17, 18).
This dynamics of pulmonary function indices may
account for the large range of the values that are usu­
ally observed in cross-sectional studies, depending
on the prevalence of the subjects in various stages
of asbestosis. The few cross-sectional studies avail­
able had shown that some functional abnormalities
can be present in subjects with normal chest radio­
graphs (19, 20).

In the present study we observed a resting hyper­
ventilation in 80% of the asbestos-exposed workers
with radiographic evidence of pleural plaques. None
of the control variables of age, smoking, or exposure
entered significantly into the assessment of an asso­
ciation of plaques with resting hyperventilation. Pre­
viously, resting hyperventilation was found to be as­
sociated with asbestos exposure only in cases with
progressive parenchymal and pleural fibrosis lead­
ing to arterial hypoxemia and increased chemical res­
piratory drive (5). A similar response was also re­
ported for patients with chronic interstitial lung dis-
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ease (6, 21). Since our plaque group was normo x­
emic , chemical humoral factors can be ruled out as
the cau se; thus the possible mechanisms of resting
hyperventilation are mechanical adaptation to the in­
creased elastic work of breathing or a reflex-medi­
ated increase in breathing frequency originating from
the che st wall receptors (22). Quantitative support
for the hypothesis that pleural plaques provoke rest­
ing hyperventilation is the observed significant lin­
ear correlation between the pleural score and Pa

C02
(correla tion coefficient -0.70).

The analysi s of the functional impairment ob­
served in subjects with radiological pleural changes
is becoming an important issue since a large number
of workers with a low-to-moderate exposure histo­
ry have asbestos-associated pleural disease (23, 24).
The restrictive ventilatory disorder observed in 42%
of our subjects with plaques was characterized by a
reduction in FVC and an increase in the FEV%, since
FEVl.o was in the normal range. The variable smok­
ing did not enter significantly into the logistic regres­
sion of plaque entity versus restriction entity, and this
finding is physiologically plausible. Generally, smok­
ing can be related to obstruction, but such a relation
was not observed in this study. However, the varia­
ble exp osure entered significantly into the multi var­
iate analy sis of plaqu e-restriction association. There­
fore, a plausible conclusion can be drawn that pleu­
ral plaques and the associated restrictive disease were
due to cumulative asbestos exposure. The mean DLCO
(% of predicted), whether corrected for COHb and
adjusted to normal Hb and Paozor not , in the plaque
group was significantly lower than in the no-plaque
group. However, after control for smoking and ex­
posure, D LCOcmrecte<! (% of predicted) prov ed to have
a less than significant association with plaques. Thi s
finding suggests that plaque s and D

LCO
deterioration

are relatively independent entities, but it also indi­
cates the possibility that, in the workers with plaques,
the D

LCO
decrease could have been an early sign of

coexisting interstitial lung disease. However, mild
D

LCO
reduction in our subjects with plaques was not

responsible for the resting hyperventilation, as was
evident from their increased Pa

0 2
' which proved that

the aiveocapillary membrane was not an obstaele to
gas exchange. Measuring the D

LCO
components mem­

bran e diffu sing capacity and capillary blood volume
might pro ve useful in gaining some insight into the
mechanisms involved. Oliver et al (2, 3) reported re­
strictive functional impairments in railroad workers,
a finding which is in accord with our results, except
for D , which was less affected in their sample. In

LCO •
addition our study included arterial gas determina-
tions and revealed a strikingly high prevalence of
hypocapnia in the asbe stos-exposed work ers with
plaques.

As for the potential shortcomings of the study,
there is a lack of computed tomography results to
help exclude earl y parench ymal di sease. As already
mentioned, this lack should not invalidate the as-
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sessed association between plaques and hyperventi­
lation, but its correction might lead to some insight
into the associ ation between plaqu es and restri ct ion .
Another probl em is that exposure in the 1950s was
only estimated and not measured and that some cro­
cidolite was used until 1964. If, in consequence, the
exposure of the older plaque workers was und eres­
timated, the estimate of the association betw een
plaque s and res ting hyperventilation would not be
affected, but the es timate of the plaque-restriction
association would .

In conclusio n, resting hyperventilation was ob­
served in a significa nt portion of our asbe stos-ex­
posed subjects and wa s related to pleural plaques.
The pleural plaques them sel ves appeared to be re­
lated to restricti ve impairments.
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