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Abstract: The study assesses the relationship of selected demographic,
anthropometric, radiological, work-history and smoking-history related
variables with Forced Vital Capacity (FVC) in a sample of 168 sand stone
quarry workers in a desert environment. Except the variables related to
smoking behaviour, all are found significantly associated with FVC. The
predictors of FVC screened through the multiple regression analysis were
age, weight, height, profusion of opacities in chest X-ray and duration of
work. Mean FVC was found significantly lower as compared to the healthy
adult population. On an average FVC% was 90% of predicted (Percentage
deviation of 10%). A clear increasing trend in FVC% along age/duration of
work was observed among the young workers, which may be due to building
of muscles in this job. Percentage deviation of 20% or more in FVC was
significantly associated with presence of radiological opacities suggestive
of silicosis (odds Ratio=3.3). The diagnostic utility of the same is also
assessed.
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INTRODUCTION

Forced Vital Capacity (FVC) is an
important measure of lung volume. Its
prediction is excessively studied in different
parts of the world among male and females
of different ages. But mainly among the
healthy subjects 0-8). There is girth of such
studies among the sand stone quarry
workers. Who are exposed to dust: rich in
free silica. Known to cause restricted lung
function (9). The work reports one such
study of Forced Vital Capacity (FVC) and

*Corresponding Author

sand stone quarry workers
m ul tiple-regression

bivariate analysis

its predictors among the specific
occupational group of sand stone quarry
workers working in a desert environment.
It also attempts to describe the percentage
deviation in the FVC of the studied
population. The diagnostic utility of this
factor is also explored.

METHODS

Study subjects: Out of 286 quarry workers
investigated for their Peak Expiratory Flow
Rate (PEFR) and its correlates in a study
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cond ucted by us during January 1992 to
March 1995 in district Jodhpur. India: 168
subjects for whom weight was also recorded,
constituted the study population for this
study. We have reported the earlier study
for PEFR among these subjects (10).

Study variables: The Forced Vital Capacity
(FVC) was measured in ml using
Computerized Spirometer Autospirror
(Japan). Three readings were taken between
10 am and 1 pm while subject standing and
highest of the three values obtained was
treated as ones FVC. FVC has been the
dependent variable for this study. The set
of independent variables contained all the
variables as considered by us in our earlier
reporting (0) and in addition it also
included the following:

Weight: Body weight of an individual
recorded in kg.

Height: Height was recorded in cms using
anthropometric rod.

Body Mass Index (BM!) : BMI:::Body weight
in gms/(Height in cmsF.

Monyear: Average number of months per
year worked by an individual in the
quarries.

The radiological variable profusion of
opacities was recorded by adding plus one
to all its values defined earlier (10).

Thus the set of independent variables
included-Personal variables viz. Profusion
of opacities, age, height, weight and BMI:
variables pertaining to work-history viz.
duration of work, duration of exposure,
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monyear, nature of job, age at beginning:
variables pertaining to smoking-history viz.
biri-smoked per day, duration of smoking
and biri-year.

Statistical analysis:

The multiple regression analysis
following forward selection procedure is
used to identify the predictors of FVC among
all the considered factors pertaining to
personal characteristics, work-history and
smoking-history.

Study subjects were compared with the
healthy ones on their FVC measure through
the obtained distribution of percentage
deviation in FVC: defined as ratio of the
actual FVC of a worker and his predicted
FVC, expressed in percentage and
subtracted from 100. Predicted FVC of a
worker was computed using the prediction
formula worked out for the healthy adult
population in Rajasthan (1).

Percentage deviation in FVC was studied
in association with duration of work and
age, using bivariate distribution.

Using 2 x 2 contingency table, diagnostic
value of percentage deviation was also
explored.

RESULTS

The mean, standard deduction (SD) and
coefficient of variation, (CV%) of the study
variables are displayed in Table I. Only the
variables pertaining to smoking behaviour
depict CV% more than 100%. The mean FVC
of the quarry workers is found significantly
lower (P<O.Ol) as compared to healthy adult
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TABLE I : Mean, Standard deviation (SD) and coefficient of variation (CV%) of the study variables.

Study variable Mean SD CV%

1. Forced Vital Capacity (PVC in m!) 3277.10 583.12 17.79

2. Profusion of opacities (profusion + 1) 1.31 0.43 38.05

3. Age (years) 31.15 10.64 34.16

4. I-Ieight (ems) 165.08 5.:31 3.22

5. Weight (kg) 50.36 6.34 12.63

6. BMI (gms/cms2) 1.85 0.19 10.27

7. Duration of wOI·k (years) 12.27 7.70 62.75

8. Duration of exposure (months) 105.23 71.35 67.80

9. Monyear (as defined) 8.55 1.87 21.87

10. Nature of job (score) 2.20 0.89 40.45

11. Age at beginning of work (years) 18.88 6.18 32.73

12. Biries smoked per day (number) 15.11 11.28 74.65

13. Duration of smoking (years) 9.22 9.45 102.'19

14. Biri year (as defined) 198.41 239.87 102.90

TABLE II Pearson correlation coefficients of selected
variables with Forced Vital Capacity
(FVC).

population in Rajasthan. The mean FVC for
the healthy adult population in Rajashthan
is 3.48 litres per second (1).

Variable

1. Pl"Ofusion of opacities

2. Age

3. Height

4. Weight

5. Body Mass Index

6. Duration of work

7. Duration of exposure

8. Monyear

9. Nature of job

10. Age at beginn ing of work

11. lliries smoked per day

12. Duration of smoking

13. Biri year

* P<O.OI
** P<0.05

Pearson's correlation
coeffic Ie 11 t

- 0.21*

- 0.38*

+ 0.29*

+ 0.33*

+ 0.23*

- 0.27*

- 0.21 *
+ 0.09

- 0.01

- 0.32*

+ 0.07

-0.16**

- 0.11

The Pearson correlation coefficients of
FVC with selected variables are displayed
in Table II. It is noted from Table II that
apart from variables associated with
smoking behaviour; all have shown
significant correlation (P<O.Ol) with FVC,
except the nature of job. Among the
variables pertaining to smoking behaviour
only duration of smoking could depict a
considerable correlation (P<O.05).

The multiple regression analysis
following forward selection procedure
yielded a subset of the selected thirteen
explanatory variables, accounting for the
greatest variance in FVC. This subset or
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TABLE III Multiple regression of FVC with its predictors.

Predictors Forced Vital Capacity
(explanatory (dependent variable)
variable)
variables entering
the model at termi- Regression Standard P-value
nation of stepwise coefficient error
regression process

Age - 34.580 6.081 P<.OI

Weight + 27.927 7.005 P<.OI

Height + 20.316 8.321 P<.05

Profusion of opacities -220.967 86.674 P<.05

DUI'ation of work + 17.098 8.377 P<.05

Y-Intercept = -366.916

Percent of variation explained through regression, R2%=37%.

the set of predictors of FVC included only
the variables-age, weight, height, profusion
of opacities and duration of work. The
values of regression coefficients for these
variables, when regressed with FVC are
given in Table III together with their
standard errors and P-values. This table
also records the value of the intercept of
the regression model and coefficient of
determination R2 (%). Figuring of profusion
of opacities, weight and duration of work is
observed from this table in addition to age
and height; which are the common
predictors of FVC in healthy subjects. R2
(%) is 37%, indicative of poor linear
relationship between predicted and the
predictors.

The distribution of percentage deviation
in FVC of the quarry workers is given in
Table IV. The distribu tion ~bserved is
almost symmetric but not normal. Following
the convention of treating a worker healthy
for whom the percentage deviation in FVC
is below 20%, we observed from this table

that 78% of the workers were healthy, while
22% showed restricted lung function.

No meaningful inferences could be
drawn when percentage deviation was
studied univariately with duration of work
and age. A bivariate distribution of

TABLE IV: Frequency distribution of percentage
deviation in FVC.

Percentage deviation in FVC Frequency %

<-20 1 0.6%

-20 to -10 7 4.2%

-10 to -0 34 20.2%

o to 10 38 22.6%

10 to 20 51 30.4%

20 to 30 22 13.1%

30 to 40 12 7.1%

40 to 50 2 1.2%

50 + 1 0.6%

Total 168 100.0%
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TABLE V : Distribution of average percentage deviation in FVC jointly with age and duration of work.

Age in yearsDuration
of work

<21 21-26 26-31 31-36 36-41 41-46 46-51 51-56 56-61 61+ Row
means

16.1 8.8 29.1 30.3
(11) (6) (1) (1)

14.8 9.2 6.3 18.0
(11) (34) (20) (9)

0.1 6.9 8.4 1.4
(5) (12; (15) (3)

4.0 21.0 -2.2
(2) (5) (l)

4.8 -11.7
(1) (l)

17.9
(l)

<6

6-11

11-16

16-21

21-26

26-31

31 +

Column
means

15.4
(22)

8.1
(45)

7.0
(35)

13.8
(31)

1.3
(6)

15.3
(l)

6.1
(6)

39.6
(2)

6.4
(4)

-7.6
(1)

10.6
(14)

31.9
(1)

10.3
(1)

9.3
(l)

-7.6
(2)

7.3
(5)

15.2
(19)

10.7
(76)

10.8 10.1 6.4
(1) (1) (37)

9.8 10.5
(1) (16)

5.4 14.5
(l) (6)

18.6 7.3
(2) (9)

5.7 10.7 18.4 9.1
(1) (1) (2) (5)

13.1 10.7 13.1 10.1
(4) (2) (4) (168)

*Each cell entry is the average of individuals percentage deviation falling in the cell.
The number of individuals falling in each cell is given in parentheses.

TABLE VI: Association of occupational silicosis with
percentage deviation in FVC.

older subjects (t=4.76). The same trend was
observed between the two groups in each
height class. We also observed an increase

X2-value (With Yates correction) = 3.871
P value (2 tailed Fishers exact test) = 0.04757
Odds ratio = 3.3
Sensitivity = 44%
Specificity = 81%
Efficiency of the test = 78%

Opacities suggestive of silicosis

168

36

132

Total

29

123

152

Absent

7

9

16

Present

>20%

<20%

in FVC

Percent deviation

Total

percentage deviation in respect to duration
of work and age was therefore worked out
and is presented in Table V. We observe
from the marginal distributions of age and
duration of work given in Table V that
percentage deviation shows a decreasing
trend with respect to age or duration of
work; limited to younger age limit of 30
years, thereafter no clear trend of any kind
is observed. FVC was further studied
bivariately with respect to age and height.
A cl ear increasing trend in FVC was
observed with increasing height but apart
from the younger subjects (age <30 years),
no trend was observed among the older ones
(age >30 years). The mean FVC among
younger subjects was significantly greater
(P<O.Ol) than the mean FVC among the
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in body weight and BMI along age/duration
of work in early years of work.

The 2 x 2 con tingency table for assessing
the diagnostic value of percentage deviation
is given in Table VI together with
its relevant statistics. Subjects having
scored for their profusion of opacities
more than 1 are considered as 'diseased'
with occupational silicosis. The association
of being 'diseased' is seen with the
condition of percentage deviation being 20%
or more.

DISCUSSION

Working in sand stone quarries has an
impact towards lowering the mean value of
the FVC similar to working in asbestos/coke
oven related plants (11, 12). We also
observed from Table I that only variables
pertaining to smoking behaviour have CV%
more than 100%, depicting a high clustering
of study subjects pertaining to this
parameter.

It is observed from Table II that the
radiological variable, profusion of opacities,
all the anthropometeric variables and also
the occupational variables are significantly
associated with FVC (P<O.Ol). Among the
variables related to smoking behaviour, only
duration of smoking could establish its
association with FVC (P<0.05). The negative
correlation of age and positive correlation
of height with FVC is found in lines with
such studies (5, 7, 13).

The subset of predictors of FVC included
age, weight, height, profusion of opacities
and duration of work as identified by
multiple regression model reported in Table
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III. Other variables did not emerge as
significant linear contributors, perhaps
owing to their interrelationship with these
variables. Usually age and height have
figured as predictors in all such studies with
the healthy subjects. There has been a
debate over the inclusion of weight as one
of the predictors of FVC. Some of the studies
(6, 7, 16, 17, 18) report the inclusion of
weight as significant predictor whereas,
other studies (1, 5, 14, 15) refute the same.
In our study however, the weight has
figured as one significantly associated
predictor (P<O.Ol) beside the profusion of
opacities and duration of work in addition
to usual age and height parameters. The
value R2 %=37% is clearly suggestive of
inadequate fit of linear model.

Reading Table IV, it is observed that on
an average the percentage deviation in FVC
among the quarry workers has been 10%,
which is a bit more than this deviation
reported among asbestos and coke oven
workers (11, 12). We noticed that almost
every fifth worker had percentage deviation
in FVC greater than 20%, indicating
restriction in pulmonary function.

In order to reveal the long term effect
of working in a stone quarry, we studied
percentage deviation univariately with
advancement of age/duration of work.
Because of high interrelationship of these
two parameters, only the method of studying
the percentage deviation bivariately with
these parameters, presented in Table V,
could reveal a clear decreasing linear trend
either with each of these parameters among
the younger subjects of age up to 30 years.
No trend was however observed among the
older subjects (>30 year). Nature of this job
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requires lifting of very heavy hammers,
blocks of stone and big stone slabs, which
adds to development of muscles in new
workers, which in turn may increase their
ability to expand chest. This might have
reflected in improvement in FVC% in first
few years of work. Observed increasing
trend in body weight and BMI along agel
duration during first few years supports this
view. After 10-15 years of work, attainment
of optimum physique, development of
subclinical or clinical pneumoconiosis in
some workers may lead to decline in FVC%.
High mortality of silicotics and/or
development of emphysema in some of them
may be other possible reasons for absence
of a clear trend in FVC%.

FVC% has a role in diagnostic testing
(2). In our study also, reading from Table
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VI, a significant correlation is found
(Xt = 3.87) between percentage deviation in
FVC and presence of opacities suggestive of
silicosis. The calculated odds ratio of 3.3
which indicates the significant association
of percentage deviation of more than 20%
with the occurrence of occupational silicosis.
The specificity is found quit high as
compared to the sensitivity. The efficiency
of the test has been 78%.
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