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Introduction

Tests of significance in contingency tables represent one of the most useful
techniques in occupational epidemiology, and one from which Odds Ratios (OR) can
be derived to illustrate the probability that an event occurs compared to the
probability that it does not. OR have become a regularly used tool for estimating the
relationship between two variables, as well as offering a convenient interpretation of
case-control studies.’ OR are often used to signify another fundamental concept in
Environmental and Occupational Health (EOH), that being the Relative Risk (RR) of
contracting a particular disease following exposure to a particular hazard. RR
estimated by the OR have become a de facto standard for representing ‘hazard’ in
modern EOH,? partly out of tradition, and partly because the OR can provide a
reasonable approximation of the RR given certain conditions.* In a previous paper,*
we described the OR and RR, and reviewed many of their statistical and practical
aspects by examining some of Irving Selikoff's classic asbestos research from the

1960s. There were a few reasons for choosing asbestos data in this regard.

Firstly, asbestos is the very model of an occupational hazard.” It represents one of
the most heavily studied EOH hazards of human history® and one whose legacy still
remains today in places such as Wittenoom, Western Australia® and Libby,
Montana.” At an international level and despite repeated calls for a universal ban,
asbestos is still with us.® Secondly, from an epidemiological perspective, asbestos
represents one of the most important and historically significant case studies in
EOH:® and one that regularly appears in, and is regularly cited by, its published
literature.®® Thirdly, Selikoff's original asbestos research was pioneering in nature

and decisive in outcome, being one of the first studies to conclusively demonstrate



the dangers of working with this fibre and the magnitude of its risk. Furthermore,
examination of Selikoff's original data is also very useful for highlighting various
issues involved with the calculation and interpretation of workplace exposure data in
hazard research. This is important because occupational epidemiology is constantly
evolving as new statistical techniqgues emerge and the complexities of workplace

exposures increase.™

As demonstrated in our previous article,* the OR provides one way to analyse an
association between rows and columns, although its use is largely confined to the
analysis of 2x2 contingency tables. In the current article, we explore other measures
of examining associations where a contingency table consists of more than two rows
and two columns. We shall demonstrate the role of the chi-squared test of
independence, as well as correlation and correspondence analysis of data adapted
from Selikoff’'s classic research into asbestos exposure and subsequent disease.
Although his main study began in the early 1960s, some interesting raw data was
later published in a 1981 issue of the Bulletin of the New York Academy of
Medicine.*? Parts of this data are reanalysed in our current article for demonstrative
purposes (used with permission). Although correspondence analysis has been
largely perceived as a descriptive, graphical means for understanding the statistical
nature of relationships between rows and columns, it is actually based on
complicated mathematical theories. Such discussions are beyond the scope of this
paper, and therefore, we shall instead be focussing on the practical aspects of
correspondence analysis and its application to the field of occupational

epidemiology.



Selikoff’s Original Asbestos Study

Irving J. Selikoff (1915-1992) was an American chest physician and pioneering
researcher who has often been described as the country’s foremost medical expert
on asbestos-related diseases between the 1960s and the early 1990s.*® In the late
1950s he opened a lung clinic in New Jersey and encountered a series of unusual
illnesses among workers from a local asbestos plant.* In 1963, Selikoff collected
data from a sample of around 1200 insulation workers in metropolitan New York.
Clinical examinations were conducted to establish a diagnosis of asbestosis (and if
S0, its severity), while the period of occupational exposure to asbestos (if any) was
also ascertained for each individual. Interestingly, most workers who had been
exposed to asbestos for less than 20 years displayed normal chest films. Among
those with 20 years (or more) exposure however, most chest x-rays were abnormal,
and in many cases, extensively so. This 20-year time lag between exposure and

disease became known as the ‘20-year rule’.*?

From a statistical perspective, it would be of great benefit to determine the extent to
which asbestos exposure is associated with the grade of asbestosis subsequently
diagnosed in a worker, if any. To determine the nature of any such association, we
shall simply refer to Exposure as the number of years that a worker has been
exposed to asbestos. Similarly, Grade shall be used to reflect the grade of
asbestosis that a worker has been subsequently diagnosed with. Table 1
summarises Selikoff's original data including the period of exposure classified
according to five responses: 0-9 years, 10-19 years, 20-29 years, 30-39 years and
40+ years. Multiple grades of asbestosis are defined as either none, or ranging from

Grade 1 (the least severe) to Grade 3 (the most severe). To illustrate our analysis of



the association between occupational exposure and disease severity, we shall begin
by simply considering proportions. Note that for our discussion we shall not be
inferring that a particular level of exposure will necessarily cause a particular grade,
as an investigator should never assume from the beginning that association means

causation.

Measuring Association in Selikoff’s Original Data

Suppose we consider a worker who has been exposed to asbestos for less than 10
years. By calculation, the probability that a worker will not contract asbestosis is very
high: 310 / 346 = 0.896, while for such a person, the probability they will contract
Grade 3 asbestosis is 0. On the other hand, suppose we consider a worker who has
been exposed to asbestos for at least 40 years. Then the probability they will not
contract asbestosis is low, 7 / 121 = 0.058, while the probability that they will have
Grade 2 or Grade 3 asbestosis is rather high: (51+28) / 121 = 0.653. While such
simple summaries provide an indication of specific exposure / grade association,
they do not provide a comprehensive insight into the global structure of this
association. As such, a more formal approach for determining the strength of the
association between exposure and grade is to determine the relative magnitude of
the chi-squared statistic. A statistically large value suggests evidence of (in the
sample analysed) a statistically-significant association between exposure and grade.
Conversely, a statistically small (but positive) chi-squared value will mean that,

based on evidence from the sample analysed, no such association exists.

For Table 1, the chi-squared statistic can be calculated as 648.8115, and with a p-

value < 0.0001, indicates a statistically significant association between a worker’s



exposure to asbestos and the grade of asbestosis they were subsequently
diagnosed with. Again, caution must be exercised to ensure that one does not
conclude that ‘a worker's exposure to asbestos definitely causes the severity of
asbestosis he / she is eventually diagnosed with’. While this may be demonstrated at
a later time with more extensive research (and indeed this is what eventually
happened with asbestos), an investigator should not make such assumptions in the
beginning. In the aforementioned example, a chi-squared test of this type does not
elicit such a uni-directional association structure. The calculated statistic does not
determine the direction or nature of the association - only that such a statistical

association exists.

To determine the direction of the relationship one may calculate the Pearson product
moment correlation. In this calculation, a correlation lying between 0 and 1 indicates
a positive association between two categorical variables, while a correlation between
-1 and O indicates a negative association. When the rows and columns of a
contingency table are not associated, then the correlation is zero. For Table 1, the
correlation between exposure and grade is 0.69 and, with a p-value < 0.0001,
indicates a statistically-significant positive correlation between exposure to asbestos
and grade of asbestosis. That is, more severe cases of asbestosis are associated
with more lengthy exposures to asbestos. However, the correlation does not
elucidate at what point between the lowest level (Grade 1) or highest level (Grade 3)
of exposure, that asbestosis will be contracted. To further understand the potential
association between two variables, we can graphically examine its structure using

correspondence analysis.™ '® As such, the following section will examine exposure



to asbestos versus the severity of asbestosis in a graphical format by way of

correspondence analysis.

Graphical Depiction of Statistical Associations

Correspondence analysis is a technique that graphically displays row and column
categories and allows for a visual comparison of their ‘correspondences’, or
associations, at a category level.’ For a practical guide to this topic consider, for
example, Clausen,'” Weller & Romney,*® or Greenacre.'® Recall that the chi-squared
test of independence calculated from Table 1 revealed a statistically significant
association between exposure and grade. A graphical representation of this
association may be obtained by performing simple correspondence analysis. It is
important to note that the term ‘simple’ does not necessarily refer to the simplistic
manner in which the analysis is performed, as the mathematics involved is rather
complex. Rather, the term ‘simple’ refers to the fact that it is the simplest of
contingency tables (consisting of only rows and columns) that can be analysed.
Figure 1 displays a two-dimensional plot of association between row and column
categories from data in Table 1 and is referred to as a correspondence plot. Such a
figure represents an important component of the output generated from a classical

correspondence analysis of data in Table 1.

It reveals that, in general, a worker who has not been diagnosed with asbestosis is
associated with a worker who has been exposed to asbestos for no more than 19
years. It also reveals an association between workers who have been diagnosed
with Grade 2 or Grade 3 asbestosis (the two most severe grades of this disease) and

those exposed to asbestos for 40 years or more. Furthermore, from the output, we



find that the first dimension visualises 84.2% of the association (as described by the
chi-squared statistic) between the row and column categories, while the second axis
visualises 15.4%. Thus, Figure 1 visually displays 99.6% of the association that
exists between exposure and grade among the sample of New York asbestos
workers. As a result, this correspondence plot provides an exceptionally good visual
summary of the association between years of exposure to asbestos and a worker’'s

subsequently diagnosed level of asbestosis.

Depending on how large a contingency table one is analysing, there will occasionally
be a need to include more than just the first or second dimensions. The maximum
number of dimensions needed to visualise any association will be: min(rows,
columns) - 1. Therefore, the maximum number of dimensions needed to visualise the
association between exposure and grade is: min(5, 4) - 1 = 3. The most conceptually
difficult issue is being able to adequately visualise an association when more than
three dimensions are required to summarise the data. This relates to the inherent
difficulty in visualising anything requiring more than three dimensions. While there
are certain tools that one may use to graphically depict associations in contingency
tables,® ?° further discussion on this particular matter is beyond the scope of the
current paper. Perhaps the most interesting finding revealed in Figure 1 is a visual
confirmation of Selikoff's aforementioned ‘20 year rule’. Our graphical depiction
clearly demonstrates that workers who have not been diagnosed with asbestosis are
associated with either ‘0-9’ or ‘10-19’ years of exposure. Figure 1 also reveals some
evidence (based on the data summarised in Table 1) to suggest that the ‘mildest’
form of asbestosis (Grade 1) is likely to commence at somewhere between 10 and

30 years of exposure.



Conclusion

In the current article we have utilised correspondence analysis to study some of
Selikoff’'s pioneering asbestosis data from the 1960s. This technique is commonly
used as a means of graphically summarising the association between variables
under study. Even so, it is important to remember that correspondence analysis only
considers whether there is a global association structure between the variables. One
cannot simply say from the resulting correspondence plot that ‘row response’ causes
‘column response’, since causation is a very different concept to association. What
can be inferred from the plot, however, is that the row responses are statistically
associated with column responses. One aspect of correspondence analysis that has
not been examined in the current article is the issue of multiple categorical variables.
In these cases, multiple correspondence analysis can be used to obtain a graphical

summary of the ‘global’ association. This matter will be examined in a future article.

Table 1 Contingency Table Based on Selikoff's Original Asbestosis Data*
Asbestosis Grade Diagnosed
Exposure
None Grade 1 Grade 2 Grade 3 Total
(years)**
0-9 310 36 0 0 346
10-19 212 158 9 0 379




20-29 21 35 17 4 77

30-39 25 102 49 18 194
40+ 7 35 51 28 121
Total 575 366 126 50 1117

*Adapted from Selikoff (1981)™ published in the Bulletin of the New York Academy of Medicine (used

with permission), **Years of occupational exposure to asbestos

Figure 1 Correspondence Plot Derived from Selikoff's Asbestosis Data*
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Medicine (used with permission)
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