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A Case.


Mr. Jones is a 70-year-old man being admitted to the hospital in congestive heart failure (CHF).  He had a heart attack a few years ago, followed by a procedure that reopened the blocked coronary artery.  He’s done well since then, until he had increasing shortness of breath over the last few weeks.  Initial tests show that his left ventricle, the part of the heart that pumps blood to the aorta and the rest of the body, is beating inefficiently.  Doctors often quantify pumping efficiency by referring to the “ejection fraction” (EF), the percentage of blood that is pushed out by each contraction.  Mr. Jones’s EF is 20%, where normal would be around 60-70%.  This inefficiency is causing pressure to build up in the veins in the lungs, causing fluid leakage there, and thus shortness of breath.  Possible causes of his CHF, of the reduced pumping efficiency of his heart, range from another heart attack to a remodeling process of the heart that often happens (for unclear reasons) in such cases.  

1. Introduction.


Among the many theories of disease that have been proposed, only a few make biological dysfunction central.  The clearest of these make it a necessary condition: an organism has a disease only if some part or process is unable to carry out its proper function. Requiring dysfunction is attractive largely because it can explain why many very undesirable conditions – being illiterate, poor, or ugly – do not count as diseases, while some relatively mild ones – sinusitis, eczema, a touch of asthma – do.  Infants can’t walk, pregnant women are susceptible to significant risks, and people with a rational view of their own self-worth may be dispirited, but none of these conditions are diseases.  In some cases, a disease is desirable and valuable, as when being flat-footed excuses one from a draft for an unjust war.  While the vast bulk of theories attempt to make sense of the idea of disease in terms of desirability, social structure, and other factors, a small minority rely on biological dysfunction.


Christopher Boorse (1977, 1987, 1997) and Jerome Wakefield (1992a, 1992b, 1999a, 1999b) have proposed the two most important theories of this type.  These theories have been heavily critiqued, partly using examples of diseases where there does not appear to be dysfunction present, but I will not address those problems here
.  Instead, I will focus on a different challenge:  drawing a line between levels of functioning that are lower than average but still fall within the normal range, and levels that count as dysfunctional.  I will call this the “line-drawing problem.” Both Boorse and Wakefield provide incomplete answers to it, I will argue, and I will suggest an alternative approach that builds on some of Boorse’s comments.  The problem must be addressed if we are to formulate an adequate account of the importance of “dysfunction” for defining “disease,” a project I support.  An adequate account of the concept of “function” also requires some answer to the line-drawing project, and the function debate has largely bypassed this question. 


Both Boorse and Wakefield attempt seek a “conceptual analysis” of the idea of disease.  They vary slightly in their choice of terms – Boorse uses “disease” and Wakefield “disorder” – but both specify that they are aiming at the set of all pathological conditions.  As Boorse says, in many contexts the term “disease” only applies to a subset of pathological conditions, leaving out such things as injuries and malformations. But he says that he means the term in its broadest possible sense, as analogous to “a pathologist’s concept of disease” (1997, p. 11).  And while Wakefield is mostly concerned with the concept of “mental disorder,” he also writes that he is interested in a notion that applies to physical disorders as well (1999a, p. 376). I’ll concentrate on cases of physical illness, and I’ll switch between the three terms – “disease,” “disorder,” and “pathology” – freely, considering them synonymous for our purposes here.  


I have some serious reservations concerning the philosophical grounding of the project of “conceptual analysis” that Boorse and Wakefield are employing (Schwartz 2004, pp. 142-9), and I will make some comments about this in the paper’s conclusion.  

2.  Wakefield’s Theory.


Wakefield presents his “Harmful Dysfunction” (HD) account of disorder as follows:  

A condition is a disorder if and only if (a) the condition causes some harm or deprivation of benefit to the person as judged by the standards of the person’s culture (the value criterion), and (b) the condition results from the inability of some internal mechanism to perform its natural function, wherein a natural function is an effect that is part of the evolutionary explanation of the existence and structure of the mechanism (the explanatory criterion). (1992a, p. 384)

In addition to presenting the dysfunction requirement, Condition (b) clearly aligns Wakefield with the “Etiological” approach to biological function, which argues that a trait X only counts as having the function F if X was favored by natural selection for doing F.
  Other accounts of function reject such a necessary role for natural selection; Boorse’s “survival and reproduction” account, for example, assigns trait-type X the function of doing F if tokens of this trait-type regularly contribute to survival and reproduction by doing F, whether or not the trait-type was ever favored by selection for making this contribution
.  The distinction between the accounts of function – Wakefield’s etiological one and Boorse’s non-etiological one – will not matter here since the traits involved will count as having the relevant function according to either. Human hearts standardly contribute to survival and reproduction by pumping blood, and they were clearly favored by selection in the past for doing so.


The line-drawing problem stems from the existence of variation in all traits.  There’s a tremendous range in the ability of hearts to pump, even just looking at 70-year-old men.  Those who run marathons regularly have very efficient hearts, reflected in their EF and other features, and those who haven’t run even a few steps in years have much less efficient ones, although they don’t have heart disease.  What makes Mr. Jones’s heart count as dysfunctional, rather than just low-normal?  Condition (b), quoted above, refers to the “inability of some internal mechanism to perform its natural function” (1992a, p. 384, emphasis added), and this might be taken to mean that a heart that is still able to pump blood at all should not count as dysfunctional.  But that can’t be right:  Mr. Jones’s heart is dysfunctioning, even though his heart is still pumping somewhat
.


Earlier in the same paper, Wakefield appeals to the idea of “design” to draw the relevant distinction.  He writes, 

Roughly, we recognize a variation in anatomical structure as a lesion rather than as a normal variation if the variation impairs the ability of the particular structure to accomplish the functions that it was designed to perform. (1992a, p. 375, emphasis added) 

He uses the idea of design repeatedly in his comments on this topic.  In another paper from the same year, he writes that “dysfunction” means “…‘failure of a mechanism in the person to perform a natural function for which the mechanism was designed by natural selection’” (1992b, p. 236).  He offers a similar formulation in a later paper, writing, “A dysfunction exists when a person’s internal mechanisms are not able to function in the range of environments for which they were designed” (1992b, p. 243)  He adds, “…disorders are distinguished from other problems by their being failures of biologically designed functions, …” (1999b, p. 465).


He makes it clear that he interprets “design” in these contexts as referring to natural selection.  He writes, “… it is standard among evolutionary theorists to use design, purpose, goal, and other intentional metaphors to describe the results of natural selection (Williams 1966)” (1999a, p. 376).  This comment downplays the controversy about the use of such metaphors in biology, but it’s probably fair to accept that, to the degree that such terms are taken as meaning anything substantial, they are taken to refer in some way to natural selection.  Some philosophers of biology think that use of the term “design” is metaphorical, applying the notion to a realm where it does not apply literally
. Others hold that organisms are literally designed, although in a way that differs substantially from the way that artifacts are created by intentional beings
.  We can bracket this question by noting that on both views the lack of an intentional designer in natural selection marks a distinction that blocks any simple inference from “human design” to “natural design.” 


Thus, failure of a trait to work as designed by natural selection just means, to Wakefield, failing to carry out the activity that was favored by selection.  He writes, “The definition of the ‘evolutionarily designed response’ is, obviously, whatever range of responses is naturally selected, …” (1999a, p. 379). He argues that although there is no single selected level of functioning,

… a range of selected values can be distinguished from nonselected values and this is all that is required for the HD analysis to discriminate disorder from nondisorder. (1999a, p. 387)
  

The existence of wide variation in functioning is not a problem for his theory, he writes, since only some levels will count as ones that were favored by selection, while others were selected against.  He offers the example of panic attacks, writing: “there is a naturally selected range of the sensitivity of fear-response mechanisms, but the spontaneous terrors of panic disorder are not part of that range” (1999a, p. 387).


But this approach will not solve the line-drawing problem.  The first difficulty is that for acquired disorders, ones that are not caused genetically, it’s natural selection does not apply.  For example, it is not the case that Mr. Jones’s EF of 20% is favored by natural selection or not, since his condition is not hereditary.  Maybe Wakefield imagines that we can identify some cutoff for “heart failure” by drawing an analogy to heredity heart problems, such as congenital heart malformations. Perhaps there is some ejection fraction that is low enough that we can confidently conclude that natural selection discriminates against individuals born with that EF.


But this way of posing the question leads to the second, and deeper, problem with Wakefield’s proposal.  Deciding whether a certain variant that produces an EF of 20% is selected against depends on which other forms exist in the population.  If only 1% of children born with such hearts will survive to reproduce, this variant will still be favored by selection compared to those who have a 0.5% chance.   Consider the following imaginary case of five variants with their associated levels of expected reproduction: Which count as being “selected for” and which are only “selected against”?  
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Variants 1-4 are selectively favored in comparison to 5, and variants 1 and 3-5 are selected against in comparison to 2.  It’s tempting to count just variant 5 as the pathological one, since it has the lowest expected reproduction, but variant 1 also has very low fitness and thus might be taken as falling outside the normal range.  If we count 1 as outside the normal range, though, we might want to count 4 as selected against as well.  Finally, if we discover another variant that is incompatible with life (expected reproduction = 0), does this mean that even variant 5 falls in the normal range?


Similar reasoning applies to the case of panic disorder: there may be a range in “the sensitivity of fear-response mechanisms,” as Wakefield says (1999a, p. 387), and if these are hereditary then there may be a fitness associated with each.  But there is no line to be found here that can discriminate between which ones are naturally selected and which are not, despite Wakefield’s confidence (1999a, p. 387).  Something other than the existence of positive or negative selection must be used to solve the line-drawing problem.


When discriminating between normal functioning and dysfunctioning in the case of manmade artifacts, it may be necessary to examine the intentions of the designer, but this approach doesn’t work when the “designer” is mindless natural selection. My laser printer, for instance, has many features that reflect its design and marketing as a home model.  In terms of resolution, speed, durability, and ability to handle different types of paper without jamming, it is far inferior to a model intended for use in a professional office.  Among different individual printers of my model, there will be some variability along these dimensions:  one printer will be faster or slower than another; one will be more or less able to handle papers of different weights.  Imagine that my unit starts out printing slightly faster than others and gets progressively slower; for a long time it will still count as functioning properly – there’s nothing to fix; the warranty doesn’t apply – before it becomes dysfunctional. The specifications that were set by the manufacturer, that I was aware of when I bought it, largely determine this line.  And this is exactly the feature that is missing in the case of “design” by natural selection:  there is no intentional designer or user to set this line. Although the analogy between “design” by humans and by natural selection may be helpful in some ways, using it to solve the line-drawing problem is a mistake.

3.  Boorse’s Theory.


Boorse (1977, 1987, 1997) provides crucial tools for addressing the line-drawing problem as part of his analysis of the concepts of disease and health.  He presents his theory as a set of four linked premises, 

1.  The reference class is a natural class of organisms of uniform functional design; specifically, an age group of a sex of a species.

2.  A normal function of a part or process within members of the reference class is a statistically typical contribution by it to their individual survival and reproduction.

3.  A disease is a type of internal state which is either an impairment of normal functional ability, i.e. a reduction of one or more functional abilities below typical efficiency, or a limitation on functional ability caused by environmental agents.  

4.  Health is the absence of disease.  (1997, pp. 7-8)

A particular trait-token’s level of functioning should only be compared to the functioning of tokens in individuals of the same gender and similar age, i.e. those in the “reference class” (Premise 1).  And if the trait-token’s functional ability is impaired in the ways specified (Premise 3), then it counts as dysfunctional, and there is disease present.  


Boorse’s overall theory of disease differs from Wakefield’s in two key ways.  First, Boorse employs a “survival and reproduction” account of function, in contrast to Wakefield’s Etiological account.  As mentioned above, this distinction won’t matter since the traits we are considering count as having the relevant functions according to both accounts
.  Second, whereas Wakefield requires that a dysfunctional condition is also harmful in order for it to count as disease, Boorse refuses to add any such additional requirement
.  Again, the difference is relatively unimportant to the line-drawing problem: both theories make the presence of dysfunction necessary and thus must make the key distinction.  


Using the idea of reference classes appears to be necessary given the variability of functioning among age groups and between the two genders of a species.  In mammalian species, for example, the female breast has the function of producing milk, while the male breast does not.  The changes seen during normal development and aging are equally striking.  Humans less than 6 months old can’t walk and newly hatched chicks can’t fly, but their legs and wings (respectively) are not dysfunctional.  Menopause in a 50-year-old woman is normal, although the same condition in a 30 year old counts as dysfunctional.  For many traits, the level of functioning that counts as normal declines in older individuals:  a reduced EF may still count as normal in an 80 year old, when it would be abnormal in a 20 year old.  


One small modification in Premise 2 is necessary to make the theory apply to cases involving older individuals, such as Mr. Jones’s heart failure.  According to Premise 2, the heart in 70-year-old men only has the function of pumping blood if this is the “statistically typical contribution by it to their individual survival and reproduction.”  But since men at this age have generally finished reproducing, it may turn out that hearts in this reference class don’t make any contribution to reproduction and thus, formally, make none to “survival and reproduction.”  This can be handled simply by changing the conjunction to a disjunction:  a trait-type’s function is its statistically typical contribution to “survival or reproduction.”


In Premise 3, Boorse turns to solving the line-drawing problem for traits within each reference class.  For cases such as Mr. Jones’s congestive heart failure, the most important part is the first sufficient condition for dysfunction being present, i.e. where there is “a reduction of one or more functional abilities below typical efficiency” (1997, pp. 7-8).  In his first paper on the topic, Boorse says that dysfunction must be a level of functioning that “falls more than a certain distance below the population mean.” (1977, p. 559).  He provides a graph of “Efficiency of part-function” vs. “Statistical distribution in reference class” (1987, p. 370; 1997, p. 8), which is roughly a Bell curve (see Fig. 1, last page)
.  As the figure shows, as the level of functioning decreases, so does the percentage of the population whose part functions at that level.  Once again the question becomes how to draw the line between levels of functioning that are below average but normal, and those that are dysfunctional.


Boorse provides relatively little discussion of what factors go into drawing this line, and although many have critiqued Boorse’s theory, this murkiness has attracted relatively little notice.  His clearest statements on the subject suggest that the key factor is the percentage of the population whose part functions at a given low efficiency.  A trait-token is dysfunctional if its level of functioning places it more than two standard deviations below the median level, roughly in the bottom 2.5% of the population, given a statistically normal distribution.  In his initial paper on the topic, Boorse writes, 

“… [T]his distance can only be conventionally chosen, as in any application of statistical normality to a continuous distribution.  The precise line between health and disease is usually academic, since most diseases involve functional deficits that are unusual by any reasonable standard.” (1977, p. 559)

In a later paper, he writes, 

“… [T]he lower limit of normal functional ability – the line between normal and pathological – is arbitrary.  Although statisticians often use … [a] 95 percent central range, no reason for such a choice applies here.  The concept of a pathological state has vague boundaries – though the vast majority of disease processes involve functional deficits by any reasonable standard.” (1987, p. 371). 


Interpreting these comments requires clearly distinguishing between two distinct features of a given level of functioning.  First, we can ask what percentage of the population functions at this level of efficiency; for example, what percentage of 70-year-old men have an EF of 20%, like Mr. Jones?  Second, we can ask about the impact of the level of functioning on the organism.  For example, what on the human body of having an EF of 20%?  Boorse clearly prioritizes the first aspect over the second, saying that what matters in line-drawing is the percentage of the population that functions at a given low level.  Although such states will often be a deficit that is “unusual by any reasonable standard,” that is not part of the criterion.  I’ll call this the “frequency-interpretation” of Premise 3.


The first problem with the frequency-interpretation stems from the sort of “universal disease” cases that have been introduced elsewhere in the function debate (e.g. Neander 1991a, p. 182).  Imagine a case where a virus that causes blindness spreads through a population; imagine that blind individuals can survive at a reduced level, and that 40% of the reference class becomes blind.  In such a case, it seems like a mistake to insist that just the bottom 2% of the population suffers from dysfunctioning eyes.


The second part of Premise 3 is meant to handle such cases.  Remember that the Premise says that there is “impairment” if there is “a reduction of one or more functional abilities below typical efficiency, or a limitation on functional ability caused by environmental agents,” (1997, pp. 7-8, my emphasis).  In the case of the pandemic virus, it thus appears possible to conclude that dysfunction is present in 40% of the population.  But there are other cases of widespread dysfunction that are not so clearly “caused by environmental agents.”  Osteoporosis is present in 15% of women over 50; Alzheimer’s is present in about 40% of people over 90, and benign prostatic hypertrophy (BPH) is present in 19% of men aged 55-74.  Boorse might deal with such cases by arguing that these conditions, undesirable though they be, are normal since they are so prevalent and there is no specifiable environmental cause of their prevalence. But this is surely an a priori commitment of his view that may be unattractive.  


The second problem with the frequency-interpretation stems its requirement that for every trait and every measurement of functional efficiency, the bottom 2% of the reference class must be dysfunctional.  This commitment seems particularly unattractive when considering reference classes made up of younger individuals:  it seems possible that there is a normal distribution in EF for 20-year-old men, even though the bottom 2% do not have CHF.  Perhaps the range of EF for this population just ranges from 50 to 70%.  The frequency-interpretation has the seemingly unacceptable implication that the prevalence of a given dysfunction may well stay constant – at roughly 2% of the population – in all age groups, assuming just maintenance of normal distribution.


Because of these reasons, I believe that Boorse should drop the frequency-interpretation of Premise 3:  some role must be allowed for factoring in a judgment about the consequences of a given level of functioning.  Some commentators, including Wakefield, have misread Boorse as prioritizing such facts, actually overlooking the “frequency-interpretation” of Premise 3 almost entirely.  These critics have assumed that Boorse’s theory says that a condition is dysfunctional only if it causes a reduction in survival or reproduction.  Wakefield (1992a), for example, writes that for Boorse “… a disorder is a condition that reduces longevity or fertility” (1992a, p. 378).  But Boorse doesn’t say this, as we’ve seen above, and it is clearly untenable, as these critics have also pointed out.  A trait can be dysfunctional without there being any resulting reduction in survival or reproduction. The cost of blindness will always be great – in lost experiences and difficulty of making one’s way without sight – but in an egalitarian enough society, perhaps even ours, there need be no decrement in survival or reproduction.  Wakefield makes this point by asking whether the inability to talk – i.e. “aphasia” –necessarily decreases survival or reproduction (1992a, p. 379)
. 


Judgments about the significance of a reduced level of functioning can, and should, be separated from facts about overall survival and reproduction. The significance of blindness or aphasia is clear, for instance, without needing to show reduced survival or reproduction. Biological science always involves understanding how the organism accomplishes the major tasks of living – obtaining energy, reproducing, surviving changes in the environment, for instance – by recognizing the way that its parts function and interact.  So we can see that a drop-off in a human heart’s EF from 70% to 60% carries little significance, although a drop-off to 20% is dire. 


There will be no simple formula for combining facts about the impact and prevalence of a given functional level to determine whether it should count as dysfunctional.  Instead, we should recognize a variety of types of situations where dysfunction is present.  Rare conditions that are significant reductions in functional efficiency, compared to the average, will count. Conditions that represent a significant reduction from the average level of functioning (at least at some point), but are common because of an identifiable environmental factor, will also count.  But these two sufficient conditions – the two included in Premise 3 – are not all:  common low levels of functioning may count as dysfunction even when there is no clear environmental factor causing them.  Perhaps BPH that causes urinary obstruction in a 70-year-old man should count as dysfunction even if it occurs in 10% of the population.  Further exploration of this taxonomy of dysfunctions must be explored more fully elsewhere.

4.  Conclusion.


According to this approach, there will clearly be grey areas.  Once again, it is helpful to consider the methods for solving the line-drawing problem for manmade artifacts:  in this area, a sharp line can only be drawn by considering the intentions of the designer.  For organisms, there is no set of intentions that can make this determination. This absence does not make the idea of dysfunction irrelevant to biology, but it may mean that applying the idea in this realm will require recognizing that we often think of organisms “as if” there was an intentional designer. As we attempt to define the notion of “dysfunction” – or related ideas of “disease,” “disorder,” or “pathology” – we must appeal to such thoughts to guide us.  And once we settle on definitions, we can move beyond this unanalyzed metaphorical thinking.


This understanding of the process of defining “dysfunction” differs from the traditional idea of conceptual analysis.  That project, which both Boorse and Wakefield support, imagines that philosophers are uncovering a short set of conditions that capture the previously undiscovered meaning of the term in question.  I’ve argued elsewhere, following others, that this project faces numerous conceptual and practical difficulties
.  A more tenable project sees philosophers, in this and other areas, as examining the use and implication of terms that are vague or problematic, and proposing ways to fix them.  The short lists of necessary and/or sufficient conditions that philosophers formulate then are proposed new definitions for concepts that can do certain important work that the old ones did.  If proposed definitions of dysfunction are judged in this spirit, then the line-drawing problem can be answered.
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Figure 1:  From Boorse (1987, p. 370; 1997, p. 8):
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�  See Boorse’s (1977, 1997) and Wakefield (1999a, b) extended articles for admirable attempts to do this.


�  There is a tremendous literature defending and articulating this approach.  C.f. Williams 1966, Wright (1973, 1976), Millikan (1989), Neander (1991a, b), Godfrey-Smith (1993, 1994), and Schwartz (1999, 2002, 2004).  The best supported accounts argue that the Etiological concept of function is only one of the concepts in biology, allowing that alternative theories may be needed to define other concepts of function at work.


	Accounts of function vary in their use of terms for the entity that has the function: some refer to the “part” or “process,” others to the “characteristic.”  I’ll use “trait” here:  A trait X has the function F.  And I’ll also distinguish explicitly in places between speaking of a type of trait (i.e., the “trait-type”) and the individual tokens (i.e. the “trait-token”).  


� Defenders of non-etiological accounts include Boorse (1976, 2002), Cummins (1975), and Davies (2001).


� We know this, even if we are unclear on the details, by a process of inference to the best explanation, since the heart and the entire cardiovascular system has too many aspects that cannot be explained otherwise.  Although important attacks on adaptationism have correctly pointed out the dangers of making this inference too easily, we can be “weak adaptationists” of this sort, as I have argued elsewhere (Schwartz 1999, 2002).


� This is certainly the case thinking about the medical concepts of dysfunction and disease, but it seems to be true about the biological concepts as well.  If a lion had a heart with EF 20%, like Mr. Jones, and this left the animal completely unable to carry out his normal activities, the heart would count as dysfunctioning.  The idea of an organism’s being diseased does not require (or allow!) that it is dead. 


� E.g. Lewontin (1983) and Matthen (1997).


� E.g. Allen and Bekoff (1995).


� This in response to criticism from Lilienfeld and Marino (1995, p. 414), who point out that there is no single level of functioning that is favored by natural selection. My point here is meant to build on theirs.  


�  There will be one small modification to Boorse’s account of function to handle certain cases, which I explain below. 


�  Boorse (1977, 1987, 1997) advocates “naturalism” about disease, attempting to show that values play no role in the definition of disease.  His debate with “normativists,” those who see a role for values, is not relevant for the line-drawing problem being considered here. 


� Boorse accepts this friendly amendment (personal communication).  But note that the change may raise problems for his theory of functions by making it even more permissive than it already is.  


� The axes are actually mislabeled, as Boorse (personal communication) acknowledges:  “Efficiency of Part-Function” should be the X-axis, while “Statistical Distribution in Reference Class” (or better “Percent of Reference Class”) should be the Y-axis.


� In fact, Fig. 1 includes no way to evaluate the question of impact:  the X-axis of Fig. 1 could range from an EF of 0 to 80% or just from 50-70%, as I discuss below. 


�   The general issue here is that there is no implication from the claim that C causes E, to the conclusion that not-C leads to not-E or even reduces the probability of E.  There may be a backup system that will kick in to produce E, as there often is for organisms.  The power flowing out of the wall outlet keeps my computer running, but the backup power system would take over in case there was a sudden blackout.


� See Schwartz (2004, pp. 142-9), and, e.g., Ramsey (1992) and DePaul and Ramsey (1998). 
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