Assessment of “Best estimate of the magnitude of health effects of occupational exposure to chemicals”

This assessment has two main sections:

1. Comments on the task specified for the project, and its potential to provide information useful for OHS purposes. 

2. Assessments of the several reports produced as part of the project.

1. General comments

Why might information about chemical exposures and related health effects be needed? The purpose for the project is not stated directly in the Terms of Reference, nor in the project report (though several relevant points are made). In the absence of a clearly stated purpose, it is difficult to assess how well this report fulfils the requirement. Here are some possible purposes:

Information goals
Underlying aims

1. Estimate case numbers and costs attributable to current or recent workplace exposures
Attract attention to a topic; encourage provision of resources for further study and for interventions.

2. Rank the size of one OHS problem in comparison to other OHS problems
Make better decisions on how to allocate the limited resources available for OHS.

3. Inform the setting of targets for the improvement of OHS, to provide baseline values, and to monitor progress towards the targets.
Better manage OHS at national level.

4. Identify current cases resulting from current or recent exposures
Identify and control the exposures.

5. Identify current exposures which will or might lead to disease in future
Identify and control the exposures.

6. Improve criteria for determining the occupational status of instances of diseases not readily identifiable as occupational at individual case level
Improve the ability of workers’ compensation schemes to provide benefits to a class of eligible workers not compensated at present.

7. Predict future occurrence of disease
Guide the planning of services, and predict costs.

The implicit purpose of this study appears to be most similar to the first of those listed above. This purpose can probably be met by less precise data than are required for most other purposes. 

For the findings of the study to be meaningful, a coherent case definition is required. The terms of reference for the study tend to imply that the term “health burden from occupational exposures to chemicals” should be interpreted as requiring global summary values, and the project authors have taken this approach. It is not, however, evident that meaningful findings can be achieved in this way. An overall estimate of the health burden from occupational exposures to chemicals is a bit like “the overall colour of the fruit in the fruit shop.” There is one meaningful answer for oranges, and another for Granny Smith apples, but no meaningful overall answer. It would be meaningful to estimate (separately) the magnitude of current acute occupational poisoning, future health consequences of current exposures, and current health consequences of past exposures. However, a summary measure incorporating these very different phenomena would be, at best, difficult to interpret in a meaningful way. The health effects of occupational exposure to chemicals are diverse in nature and timing, and do not lend themselves to measurement on a single scale.

The terms of reference require a study based on a proportionate attributable risk method. Previous experience with this method for similar purposes (including recent experience in Australia) has shown that it has severe limitations (these are discussed below). Thus, a weak foundation was designed into the project. This weakness is characteristic of the method required and the current state of the data required, and no project team could have overcome it (indeed, the authors express their reservations about the methods used at several points in the reports). Inevitably, this weakness afflicts the findings of the study.

The weakness of the findings is not necessarily appreciated when they are used. While the reports have not yet been published, public announcements of findings have been made. The findings have sometimes been presented as if they are firm estimates, rather than the rough estimates that they are. For example, in his keynote address at the First National Conference on Injury Prevention and Control, Mr Ric Charleton made a statement to the effect that new findings in a study conducted for WSA show about 2,700 work related deaths, five times as high as previous estimates (the conference proceedings are in press). This estimate seems to have been made by adding a figure of about 2200 deaths per year taken from the “Best estimates..” report to an earlier estimate of about 500 acute traumatic fatalities per year.

Conclusion

The reports of this project leave me with a sense of wheels spinning without much forward movement. In essence, this project’s findings are the same as those of a similar study conducted for the NSW Work Cover authority in 1990: (1) current data are not sufficient to enable good estimation of the sorts of phenomena of interest; and (2) ways around at least some of the current information deficiencies can be found if there is willingness to invest in their development.

If there is a message in the literature concerning estimation of the overall health impact of chemical exposures it is how little progress seems to have been made after two or three decades of interest. The methods for deriving attributable risk proportions from the literature seem not to have improved much, nor has the body of studies on which estimates can be based expanded quickly. Measurement of exposure remains difficult. Indeed the increasing rate of change in work processes (including the chemical substances used), and increasing worker mobility, may well have further weakened the assumption that is sometimes made that information about a person’s exposure at one time provides useful information about lifetime exposure. The same rough (and aging) estimates of attributable proportions tend to be used because more recent attempts to derive estimates have not come up with compellingly better ones.

Real advances in this area will require the carefully directed investment of money and time. The first priority is to determine the specific tasks for which information is required, and to set a program of “information goals” that are implied by these. The table above shows some indicative information goals alongside the underlying aims that would be the reason for obtaining the information. The recommendations in Volume 3 concerning information development are generally reasonable, as individual elements of an overall information system. However, a decision whether to proceed in the recommended directions now, or whether another direction should have higher priority, should only be made on the basis of a strategic plan

2. Assessments of the project reports.

The following comments deal mainly with Volume 1 and Volume 3. The estimates provided in Volume 2 depend on those presented in Volume 1.

Volume 1

Volume 1 centres on Chapter 3, in which a proportionate attributable risk approach is used to derive estimates of the magnitude of health effects of occupational exposure to chemicals in Australia. Volume 2 of the report describes an economic modelling study which takes as inputs the estimates derived in Volume 1. Hence the work described in Chapter 3 of Volume 1 is fundamental to the project as a whole, and greatest attention is given to it in this assessment.

Volume 1, chapters 1 and 2

The literature review appears to be a reasonable survey of several substantial areas of work. The particular nature of this project, and the estimates that it produced, raise some important questions (these are discussed below), and the review could probably have given more attention to these. For example, as soon at the authors decided to attribute 1% of cardiovascular disease and 15% of male lung cancer to occupational chemical exposure, it was inevitable that a large proportion of the final estimates of disease attributed to occupational chemical exposure would be of these types. The validity of the overall estimates depends, critically, on the validity of these two attributed proportions. A section of the review focusing on evidence that would help assess the plausibility of these attributed proportions would have been useful.

The brief review of recent work on meta-analysis and pooled analysis is useful. Chapter 2 implies (though this is not stated explicitly) that the authors concluded that data to hand did not (yet?) lend themselves to the use of these techniques for the purposes of this study.

Volume 1, chapter 3

The bulk of Volume 1 reports the authors’ use of some routine Australian data (mortality, hospital separations) to estimate the magnitude of health effects of occupational exposure to chemical substances, by means of a proportionate attributable risk method.

The study appears to have been conducted adequately in terms of the analysis of the data. The concerns noted below relate more to the limitations of the data used by the investigators than to how these data were used. Proportionate attributable risk studies depend on two types of data: data on relevant types of illnesses in the population of interest; and data on the proportions of various types of condition which can be attributed to the causal factor of interest (occupational exposure to chemicals, in this project). The authors of this report found much the same data limitations as have been found in similar projects. 

Data on relevant types of illnesses in the population of interest

The authors outlined several limitations of the illness condition data sources that they used. Most of the limitations were intrinsic to the data systems as they existed at the time of the study. The authors do, however, allude to difficulties in obtaining routine national mortality data in forms suitable for part of their work (Page 34). It is surprising that a study of such national significance should have had to resort to the measures described in the report to approximate national values from NSW values when national data existed. 

Reasonably comparable hospital morbidity data at national level have become available since this study was conducted. This advance, and some others that are foreshadowed (notably under the National Health Information Strategy), will reduce some of the data problems confronted by these authors.

Perhaps the most important deficiency in the illness data used to derive estimates in this study is the lack of any indicator of health effects of occupational exposure to chemicals, other than those that resulted in death or hospital admission. Dermatitis springs to mind as a condition that might well contribute to a great deal of morbidity, almost none of which would be detected by mortality and hospital morbidity data systems. Indicators might be derived from population surveys designed to estimate such health effects. The ABS National Health Survey is probably the most plausible source for such information in Australia. The authors considered the NHS as a source of incidence data on acute exposures to chemicals in the workplace (pace 36). (They rejected it because the number of cases identified was too low to have useful precision.) There is no indication that the authors considered using the NHS estimates of illness conditions (recent, and long-term) as a third source of data for the proportionate attribution study. While the NHS data have characteristics that require care in use and interpretation, the estimates of disease prevalence at national level are precise enough for use in this way.

Data on the proportions of various types of condition which can be attributed to occupational exposure to chemicals

The validity of estimates derived by the proportionate attributable risk method depends on the validity of the disease-specific attributed fractions. Small changes in the attributed proportions of common conditions can have large effects on the estimates (see below for an example). The validity of the disease estimates derived by this study rests on the validity of the proportions shown in Table 3.3.1 (page 43), and the separate estimates derived for mesothelioma.

The authors based most of the proportions for this study on estimates put forward in a small number of reports (Doll and Peto 1981,  Markowitz 1989, Blanc and Becker 1992). They used a simple and arbitrary procedure which favoured the lower values where the source studies had put forward a range of estimated proportions (page 40).

I am familiar with Doll and Peto (1981), and with Markowitz (1989). I have not read Blanc and Becker (1992). The former, at least, are respected sources. Nonetheless, I feel that the authors should have explained why these three sources were judged to be the most suitable foundation for their work.

The list of conditions cited in Table 3.3.1 and the Appendices, and the list of conditions taken to comprise “chemical poisoning”, are mostly reasonable (see comments below on cardiovascular disease). As with the preceding point, the authors should have explained how they decided on their lists. They should also have provided a table (probably as an appendix) specifying the ICD-9 equivalents of the chosen categories (while the ICD-9 equivalents of most of their categories can be deduced, ambiguities apply to some), and a statement of the criteria according to which conditions were defined as related to occupational exposure to chemicals.

Proportion attributable risk studies

The fundamental weakness of the proportion attributable risk approach is the uncertainty of the attributed proportions. 

The authors devoted several pages of Volume 1 to an attempt to refine the attributable proportion for mesothelioma and that for the slightly broader categories that include mesotheliomas (malignancies of the pleura and mesentery). This is appropriate, as mesothelioma accounts for quite a large proportion of all cancer attributed to occupational exposures. While the data the authors used to refine their estimate may be imperfect (How confident are they of the estimate from Ferguson et al. that 63% of Australian mesotheliomas are occupational?), I do not agree with the authors’ statement (on page 67) that the validity of the proportions that they have attributed is particularly problematic for malignant mesothelioma. On the contrary, this is the only disease category for which they have considered the appropriateness of the estimate used, and they have applied fairly recent Australian data in the process. In any case, whether the attributed proportion for mesothelioma is 0% or 100% (all other proportions being as used in the study), the total magnitude indicators change by no more than about 10% from the authors’ values.

The attributed proportions for two other disease categories have much greater impact on the estimates. One of these, cardiovascular disease, certainly warrants being described as “problematic.” The authors attribute 1% of cardiovascular mortality to occupational exposure to chemicals. It appears that this is based on the recommendation of Markowitz (1989) who, as the authors write, “provides little justification for the attributable proportions arrived at for cardiovascular, respiratory, neurological, and renal diseases” (page 69). The uniform value of 1% attributed by Markowitz to each of these suggests that the values should be read as something like “probably a little bit.” 

Cardiovascular disease is very commonly recorded as the cause of death in Australia. Consequently, the attributed proportion of 1% corresponds to an estimate that about 800 cardiovascular disease deaths per year are due to occupational chemical exposures, about one-third of the total number of attributed deaths. Note that if the guess as to the proportion of cardiovascular disease that may be attributed to occupational exposure to chemicals was taken as 0.1% instead of 1%, then the overall estimates for the study would be reduced by about one-third. If 4% was chosen, then the overall estimates would be approximately doubled. The overall results are thus very sensitive to the value of this highly uncertain proportion.

Unless a firmer basis for this attributed proportion can be found than restatement of an unsubstantiated estimate, then it may be appropriate to omit cardiovascular disease from the list of conditions for which occupational attributed proportions are proposed. The same argument applies to respiratory, neurological, and renal diseases, though they are much less common, so these equally doubtful categories have much less impact on the overall estimate.

The other condition warranting special attention is lung cancer. The authors adopt the Doll and Peto (1981) attributable proportions of 15% for males and 5% for females. These relatively high proportions, combined with the high frequency of the condition, lead the study to attribute almost another third of the total estimated deaths from occupational exposure to chemicals to lung cancer. The potential for an error in the attributed proportions for lung cancer to distort the overall estimate suggests that these attributed proportions warrant close scrutiny. Even if the Doll and Peto proportions were appropriate 15 years ago, are they still appropriate? Or do changes in smoking patterns, and in the likely lifetime occupational exposures of those being diagnosed with this disease in the mid-1990s in Australia, suggest that the proportions should be adjusted. I think that the authors should have given these questions at least as much attention as they gave to the attributable proportions for mesothelioma.

Ideally, all of the attributed proportions used in the study should be subjected to careful scrutiny. However, the first priority must be the proportions for cardiovascular disease, lung cancer and mesothelioma, as these three categories contribute about three-quarters of the total estimate of cases. 

The authors have applied the same set of attributable proportions to mortality data and to hospital separations data. The proportions, even if valid for one type of outcome, may not be valid for another. (The Doll and Peto estimates were for cancer mortality.) The uncertainties surrounding many of the proportions are so great that it may be reasonable to ignore this additional consideration. It should, however, be mentioned. This matter would definitely warrant attention if the proportionate attribution approach is extended (as it is desirable to extend it) to include illnesses that do not result in death or hospital admission. The proportions of specific conditions within the broad categories used when deriving estimates may differ greatly between deaths or hospital separations data, and population survey data (eg NHS). Hence the fraction of the cases in such a category that can be attributed to occupational exposures may also differ.

Estimation of acute poisoning case numbers

The criteria used in the study to select acute poisoning cases elicited small numbers of cases, particularly for deaths. These cases typically occurred at a young age. Hence they contributed disproportionately to the estimates of YPLL. The case selection criteria were not specified fully in the report. It appears that most of the ICD9 external cause code range E860-869 was included, along with one or two other ranges to which few cases are coded. The authors appear to have assumed that all or nearly all cases in these categories result from occupational exposure to chemicals. 

In principal, cases of acute occupational poisoning could be identified in the deaths data set by use of a flag (this is done in some other countries) or by use of a data item such as “Type of activity at the time of injury” that forms part of the 10th revision of the ICD (the latter is advocated by the AIHW National Injury Surveillance Unit). A national coronial information system, now under development, would also solve this problem.

Brief examination of the limited deaths data now available challenges the assumption that all cases in the ranges used in the study are occupational. For example, a substantial proportion of the cases were due to poisoning of adolescents and young adults by petrol products or solvents. Among 1992 registrations, 6 deaths were coded to this category of whom 5 were males aged 15 to 24 of whom 4 were recorded as being aboriginal. This does not appear to be occupational poisoning.

Volume 2

Volume 2 reports on a cost-of-illness study of the magnitude of health effects of occupational exposure to chemicals. The study uses the estimates of magnitude of health effect derived in Chapter 3 of Volume 1 as its inputs. The resulting cost estimates relate directly to the magnitudes of the estimates taken from Volume 1. Hence, the uncertainties that beset those estimates are equally significant here.

I am not a health economist, and I am not qualified to assess the appropriateness of the methods used in this Volume, or the quality of their application. I was, however, impressed by the clarity of the report, the careful and repeated statement of the limitations of the approach specified for the study, the references to the need to define specific information purposes, and the need to conduct studies of types capable of meeting those purposes.

The point made in section 2.1.4 concerning the possibility that indirect costs of illness estimated by conventional methods may be greatly over-stated has much significance for cost-of-illness studies.

Volume 3

The aim for this part of the project was to propose options for surveillance of some or all of the health effects of occupational exposures to chemicals, and to estimate the costs and likely benefits of implementing them.

In Part A of Volume 3 the authors consider some options for surveillance, and make recommendations. In Part B they provide a conceptual framework for costing the development of a national sentinel event surveillance network, the key element in the approach recommended in Part A.

The four recommendations are stated on page 23.

The first recommendation is that Worksafe should conduct a national inventory of OHS databases with a view to selecting some for development as part of an ongoing surveillance system. An inventory may be a useful tool. However, two points should be considered. First, if an inventory is developed to aid the development of an OHS surveillance system, the general shape of and priorities for the system should be determined first. The inventory can then be set the more concrete aim of determining which existing databases could contribute to that system, perhaps with further development. Second, a comprehensive surveillance system covering health effects of chemical exposure must draw information from beyond “occupational health and safety databases.” Health sector information will be essential.

The second recommendation is that Worksafe should promote the development of national sentinel health event surveillance networks for certain occupational illnesses. Occupational asthma and acute poisoning by pesticides are suggested as suitable conditions for surveillance by this method. Suitably targeted, this approach has much to commend it, as one component of a surveillance strategy. I suspect that practical experience with the implementation of this model will be required before a definitive judgement is made about its place in a developing Australian OHS surveillance system. Consideration should be given to establishing one or two networks on a pilot basis. It may be helpful to consult directly with the groups who have greatest experience with occupational SHE’s in the USA, and perhaps invite them to suggest someone to act as a consultant for a few months. (The costs of this would probably be recovered in terms of “potholes” thereby avoided.)

The third recommendation is, I think, already being implemented to some extent. Worksafe is publishing “pooled” compensation data as they come to hand. The suggestion that this should be extended, with a regular publication which provides updated summary OHS data from all of the main sources (including SHE’s, as they develop) is a good one. On-line electronic publication of public-release data should be considered (DOHSWA’s ‘SafetyLine’ points to a way forward).

The final recommendation is that Worksafe should develop a mechanism to evaluate OHS surveillance strategies. This should certainly be a part of a strategy for the surveillance of the health effects of occupational exposure to chemicals, when it is developed. 
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