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There is a critical re-evaluation of the idea and other, related 
concepts.  Conclusion:  The construct of system integrity is 
distinct from related constructs. It is still underdeveloped 
theoretically, and undertested empirically within cognitive 
epidemiology.  Copyright © 2012 S. Karger AG, Basel 

 Cognitive Epidemiology: Intelligence and Health, 

Illness and Death 

 It is commonplace in research to inquire after the con-
tributions that health and illness – and even impending 
death – make to individual differences in cognitive func-
tioning, but asking about the reverse has only happened 
to any great extent in the last decade or so. The field of 
cognitive epidemiology studies the associations and 
mechanisms between prior cognitive functioning and 
health, illness and death through the life course. At its 
most longitudinal, it asks about the association between 
childhood cognitive ability and survival to old age.

  The associations are now well established: higher cog-
nitive ability in youth – whether that is childhood or 
young adulthood – is associated with living longer in 
studies addressing all-cause mortality  [1] . Looking with-
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 Abstract 

  Background:  In the last decade, an increasing body of em-
pirical evidence has gathered to establish an association be-
tween higher cognitive ability in youth and later mortality, 
less morbidity and better health. This field of research is 
known as cognitive epidemiology. The causes of these asso-
ciations are not understood.  Objective:  Among the possible 
explanations for the associations is the suggestion that they 
might, in part, be accounted for by general bodily ‘system 
integrity’. That is, scoring well on cognitive ability tests might 
be an indicator of a more general tendency for complex sys-
tems in the body to be efficient. The construct of system in-
tegrity is critically assessed.  Method:  This viewpoint pro-
vides a critical presentation and an empirical and theoretical 
evaluation of the construct of system integrity as it is used in 
cognitive epidemiology.  Results:  A precedent of the system 
integrity suggestion is discovered. The empirical tests of the 
system integrity idea to date are critically evaluated. Other 
possible routes to testing system integrity are suggested. 
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in causes of mortality, higher cognitive ability in youth is 
associated with a lower likelihood of dying from, for ex-
ample, cardiovascular disease, accidents, suicide, homi-
cide, and other causes  [2] . The evidence from cancer is 
less clear. The associations are not straightforwardly ex-
plained by cognitive ability tests being surrogates for 
childhood or own social class, or education  [1, 2] .

  Causal Explanations in Cognitive Epidemiology 

 When we first found the association between child-
hood intelligence and survival, we made an attempt at 
suggesting mechanisms for the association  [3] . Among 
these it was generally suggested that these could, ‘include 
genetic factors, environment before and after birth …’. 
This does not exclude much. More specifically, four non-
exclusive possibilities were listed and discussed. These 
asked the questions: What variance is childhood IQ pick-
ing up that might be related to subsequent health? What 
variance is it tapping that could be associated with mor-
tality differences many years later? It was suggested that 
childhood IQ might be: a ‘record of prior bodily insults’; 
a ‘predictor of healthy behaviours’, and a ‘predictor of en-
try to safer environments’. The first of these views child-
hood intelligence as a statistical mediator between prior 
causes of health and eventual survival. The latter two 
view intelligence as a predictor and prior cause to other 
factors that are the more proximal causes of differences 
in health and mortality.

  The fourth suggestion was the one that is the focus of 
this viewpoint, viz.  ‘Childhood IQ as an indicator of sys-
tem integrity  – Childhood IQ might also act as a general, 
moderately stable, indicator of system integrity within 
the body by indexing the efficiency of information pro-
cessing in the nervous system’  [3] . By way of circumstan-
tial support, the life-course stability of intelligence as a 
trait was cited, in addition to higher prior intelligence of-
ten being cited as a marker of ‘cerebral reserve capacity’.

  At a hand-waving level, we were pleased with this last 
formulation. The experience of suggesting it was that oth-
er scientists thought it to be plausible and worth explor-
ing. But there were problems with it. We were aware that 
it was vague; we had neither tested nor even formulated 
system integrity in a sufficiently rigorous way so that it 
could be tested. Therefore, it was necessary to correct 
this. In preparing a later paper  [4] , we were urged to de-
velop the concept further. We did so as follows:

  ‘… the so-called ‘‘system integrity’’ hypothesis … pos-
its that higher intelligence may be a marker for a general 

latent trait of a well-functioning body. That is, higher in-
telligence might be one aspect of a body that is generally 
‘‘well-wired’’, and that responds more efficiently to envi-
ronmental challenges or ‘‘allostatic load’’. Although ad-
vanced as a mechanism underlying the link between 
childhood IQ and mortality, system integrity might 
equally well account for associations observed between 
lower intelligence and health outcomes such as obesity, 
poorer self-rated health, and psychological distress. These 
outcomes – themselves risk factors for premature mortal-
ity – could reflect a body whose regulatory systems adapt 
less effectively to environmental challenges … the system 
integrity hypothesis has been little tested. In fact, it is still 
vague. It is based on the idea that there is a latent trait of 
optimal bodily functioning – the ability to respond well 
to environmental challenges with a return to equilibri-
um’  [4] .

  Below, I describe some attempts to test the system in-
tegrity hypothesis, and ideas for some future attempts. 
Prior to that, I address two issues. First, I indicate that, 
although we thought we had come up with the system 
integrity idea ex novo, there was a precedent. Second, I 
explain why the system integrity hypothesis is not the 
same as the common cause hypothesis.

  System Integrity: A Precedent 

 Several years after suggesting the system integrity hy-
pothesis, I was re-reading Charles Spearman’s magnum 
opus on intelligence differences, The Abilities of Man  [5] . 
In the chapter on ‘Mind and Body’, Spearman considered 
the association between ill health and intelligence. 
Though the evidence was equivocal, he wrote, ‘There is 
some other evidence, however, which tends more to sup-
port the old maxim,  mens sana in corpore sano . The gift-
ed children of Terman, for instance, showed on an aver-
age nearly 30 percent less ‘‘general weakness’’ than ordi-
nary children. They also suffered less from ‘‘nervousness’’ 
and from headaches’ (p. 399). Spearman then cited and 
discussed a 1920 study by Sandwick  [6]  who reported re-
sults on 423 high school students who had taken an intel-
ligence test. The top and bottom 40 scorers’ names were 
given to the school nurse who provided their health cards. 
Sandwick concluded that, ‘the defects among the ablest 
group were not only fewer in number but less serious in 
character … the investigation adds something to the ac-
cumulating evidence that the child of good intellectual 
ability is also of good physical ability’ (p. 202).

D
ow

nl
oa

de
d 

by
: 

U
ni

ve
rs

ity
 o

f E
di

nb
ur

gh
   

   
   

   
   

   
   

   
   

   
  

12
9.

21
5.

11
2.

61
 -

 1
0/

3/
20

13
 8

:1
6:

08
 A

M



 Looking for ‘System Integrity’ in 
Cognitive Epidemiology 

Gerontology 2012;58:545–553 547

  Spearman  [5]  found the results, ‘startling’ (p. 399). He 
went on, ‘Doubt only remains as to the relation of cause 
and effect. Do the bodily ailments produce the lowering 
of  g  [general intelligence]? Or are the two ills only out-
ward manifestations of some more deeply seated weak-
ness?’ (p. 399). From Spearman, this type of thinking is 
unsurprising. It was he who discovered that mental tests 
are positively correlated and who came up with the idea 
(and, to an extent, the statistical procedures) that this was 
because each was an indicator of a latent trait of general 
intelligence. And here he was expanding that same type 
of thinking that, if mental and physical capability were 
correlated, there might be some latent aspect of the body 
that shows variance and that these capabilities share 
some of it.

  The System Integrity Hypothesis Is Not the Same as 

the Common Cause Hypothesis 

 It is useful if this issue is dealt with early in the paper, 
lest there be confusion or annoyance generated because 
the reader thinks the same idea is being peddled under 
two names. The common cause hypothesis may be traced 
to the work of Lindenberger and Baltes  [7] , who reported 
that sensory and cognitive functions were correlated in 
older people. Among other possible explanations they 
suggested that, ‘according to the common cause hypoth-
esis, negative age differences in both domains (sensory 
and cognitive) reflect an age-associated loss in the integ-
rity of brain physiology. Age differences in intellectual 
and sensory functioning, then, are seen as the outcome of 
a third common factor or ensemble of factors, that is, ag-
ing changes in the physiological state of the brain’ (p. 352).

  Their findings were based on cross-sectional data, and 
longitudinal analyses – crucial for testing the hypothesis 
 [8]  – have not been numerous and have tended to find far 
weaker shared effects  [9] . The common cause hypothesis 
was originally quite restricted in terms of the bodily sys-
tems it covered. For example, in their review, Li and Lin-
denberger  [10]  stated that, ‘in late life, a common, bio-
logically based factor is able to account for much of the 
age-related variance in sensory, sensorimotor, and intel-
lectual functioning’ (p. 781). However, other researchers 
have broadened this to include more physical functioning 
aspects of ageing  [11, 12] . In including a broad range of 
bodily systems it is similar to the system integrity hy-
pothesis.

  The difference between the common cause and system 
integrity hypotheses is that the former concentrates on 

ageing effects (it posits correlated ageing slopes/trajecto-
ries across bodily systems), and the latter concentrates on 
the initial/optimal state of the systems (it posits corre-
lated intercepts in early life prior to ageing effects). In 
making this distinction it echoes Hebb’s  [13]  distinction 
between the first establishment of a complex brain func-
tion and the subsequent maintenance of that function. As 
stated in a neuro-computational model that addressed 
this distinction, ‘Hebb argues that greater system integ-
rity may be required for the initial establishment of a 
function than for the preservation of an already-estab-
lished function’ (p. 1030)  [14] .

  Thus, the key data for testing the common cause hy-
pothesis are longitudinal data collected in parallel across 
bodily systems. It does not remark on how individual dif-
ferences in those systems should correlate in youth. The 
next section explains what the key data are for testing the 
system integrity hypothesis.

  Testing the System Integrity Hypothesis 

 Clarity in Formulating ‘System Integrity’ Hypotheses 
 The system integrity hypothesis in cognitive epidemi-

ology posits the following. There is a latent bodily trait of 
system integrity. There are individual differences in this 
trait. These differences underlie, to some extent, perfor-
mance differences in complex bodily systems. Perfor-
mance differences on various complex bodily systems 
will act as indicators of system integrity differences. This 
includes how effectively we meet cognitive and health 
challenges from the environment. The nature and causes 
of the bodily system differences are not yet known. In this 
last consideration, the position is not unlike that of the 
concept of cerebral reserve, which is another ‘intuitively 
attractive concept’  [15]  where it has also been easier to 
point at potential markers of the concept than to reveal 
its mechanistic basis.

  Given this formulation, the following must apply for 
there to be supporting empirical evidence for system in-
tegrity. First, there should be plausible marker traits for 
the latent trait of system integrity. That is, as with intel-
ligence, there should be other differences for which an a 
priori case may be made that they are the indicators of 
some more general bodily efficiency. Second, each of 
these plausible marker traits for system integrity should 
be significantly associated with future health, illness
and/or survival differences. In this first empirical test, 
the marker trait should be associated with health out-
comes with which other indicator traits of system integ-
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rity have been associated. Third, the marker traits should 
be significantly correlated – ideally in youth, at a time 
when each system is not affected by age-related changes 
or morbidity – such that better performance on one is as-
sociated with better performance on the other. That is, if 
the traits are both thought to be indicators for a more 
general latent trait of system integrity, then they should 
have significant covariance in their disease-free state, be-
cause it is their overlap that is the clue to their health rel-
evance. Fourth, adjusting a system integrity marker’s as-
sociation with a health/illness/survival variable for dif-
ferences in another system integrity marker should 
substantially attenuate or nullify the association. This 
also follows from the fact that the system integrity traits 
are thought to be indicators of a latent system integrity 
trait. Because it is their covariance, or overlap, that is the 
locus of the system integrity variance, then, when this 
variance is removed by adjusting one trait for variance in 
the other, the trait’s association with health outcomes 
should substantially reduce. Keeping this set of rules in 
mind, we now examine some attempts to test the system 
integrity idea in cognitive epidemiology.

  Speed of Information Processing 
 Reaction times are typically stated to assess speed of 

information processing, something which is thought to 
be fundamental with respect to brain efficiency, though 
the thought is moot  [16] . Individual differences in peo-
ple’s means and variabilities in reaction time procedures 
are moderately highly correlated with higher-level cogni-
tive abilities  [17] , and they are seen as possibly expla-
natory because of their simpler performance demands. 
Salthouse  [18] , especially, put processing speed integrity 
at the centre of his explanation for cognitive ageing across 
cognitive domains. He proposed a cognition-specific ver-
sion of the common cause hypothesis, as follows: ‘in-
creased age in adulthood is associated with a decrease in 
the speed with which many processing operations can be 
executed and that this reduction in speed leads to impair-
ments in cognitive functioning’ (p. 403). There is longitu-
dinal evidence that some ageing effects on cognition are 
domain-general  [19] , though Salthouse has in more re-
cent writings down-played the ‘master’ explanatory role 
of processing speed and, instead, portrays processing 
speed [ 20 , e.g. in his fig. 3.9, p. 91] as just one of the cog-
nitive domains that is negatively affected by ageing.

  Though their once-starring role in cognitive ageing 
might be waning, measures of processing speed were 
thought to be plausible markers of system integrity; they 
appear to assess some more basic processes than do com-

plex cognitive tasks and in old age they relate to child-
hood cognitive functions  [21] . Therefore, an attempt was 
made to test the system integrity hypothesis using differ-
ences in people’s simple and 4-choice reaction times  [22] . 
Reaction times – especially 4-choice reaction times – and 
their variabilities were associated with mortality, in this 
and other  [23]  studies. Reaction times and intelligence 
were significantly correlated: for example, the correlation 
between 4-choice reaction time mean and the Alice Heim 
4 intelligence test part I was 0.49  [17, 22] . On adjusting the 
intelligence-mortality association for reaction times, the 
association was markedly attenuated and no longer sig-
nificant.

  Such a study has some valuable aspects. Reaction times 
are simpler in content than intelligence-type tests and 
perhaps less likely to be caught up in educationally- and 
socio-economically-related variance. They have been 
seen as more basic aspects of information processing in 
the brain, at a lower level of reduction than intelligence 
tests. The study  [22]  was done on middle-aged people fol-
lowed into old age. Later work also found reaction times 
to be predictive of survival in younger adult samples  [23] . 
Therefore, it was argued that reaction time’s association 
with mortality might not just be the measure’s picking up 
any age-related deterioration in processing efficiency;
instead, reaction times might be somewhat trait-like in-
dicators of processing efficiency. Evidence for the latter 
came from the finding that processing speed variables at 
age 70 are quite strongly associated with intelligence test 
scores almost 60 years earlier and, even more powerfully, 
that adjusting contemporaneous correlations between in-
telligence test scores and processing speed measures at 
age 70 for intelligence test scores at age 11 almost com-
pletely attenuated them  [21] .

  Not only does reaction time have associations with 
mortality, and attenuate intelligence’s associations with 
mortality, it also has effect sizes on mortality that are com-
parable or larger than several traditional risk factors  [24] . 
Also, behavioural genetic research that has included both 
intelligence test scores and processing speed has found 
much shared genetic influence for the two  [25] . So, does 
the reaction time evidence support system integrity? Pos-
sibly not. It seems likely that both intelligence tests and 
reaction time measures are just too similar: both assess 
cognitive function. Properly to assess the system integrity 
idea, one should have some more discrete markers, from 
more distant systems. Reaction time might sim -
ply be one of the underpinnings of intelligence differ-
ences: along the causal chain, so to speak, in the same nar-
row system, and not helping us to understand bodily health 
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any better. It is necessary to move further away from cog-
nition to test the hypothesis more convincingly. Indeed, it 
might be argued that the more superficially dissimilar the 
system integrity markers, then the better the chance we 
have in thereby triangulating the underlying construct.

  Physical Co-Ordination 
 Physical co-ordination seemed to provide a better test 

of the system integrity hypothesis than reaction time  [4] . 
It is a complex, integrated process and yet generally con-
sidered to be distinct from cognitive ability. Physical co-
ordination and intelligence test scores were available 
from childhood in the British birth cohorts of 1958 and 
1970. At age 33, both cohorts assessed the following 
health outcomes: self-rated health, obesity, and psycho-
logical distress. It is a limitation of this study that the 
subjects were not old enough to have much mortality. The 
first two of the empirical demands of the system integ-
rity hypothesis were met: the two markers correlated sig-
nificantly in both cohorts (albeit modestly), such that 
more intelligent children tended to be better co-ordinat-
ed. Both markers were significant predictors of the health 
outcomes more than 20 years later. However, when ad-
justed for the other, each was still a significant predictor 
of the health outcomes, and the effect sizes were not at-
tenuated. That is, both co-ordination and intelligence 
were significant predictors of these health outcomes, but 
they were also independent; their contribution to var-
iance in health outcomes was not shared, and seemed
not to be indicating some underlying common trait. 
These findings are interesting in themselves, but are not 
straightforwardly able to be accommodated in the system 
integrity formulation. The report suggested that multiple 
bodily systems might be used and that variance shared by 
them (a latent trait) should be looked to for association 
with health outcomes. Below, we shall see such an ap-
proach used with the concept of allostatic load but, next, 
we stay with physical capability.

  Physical Strength 
 It should be stated first that there is as yet no adequate 

empirical test of physical strength and intelligence with 
regard to the system integrity hypothesis. However, there 
are some interesting, indicative data. Physical strength is 
often measured as grip strength. Lower intelligence and 
grip strength are associated with mortality in older peo-
ple. Both decline with age. And the two show cross-sec-
tional correlations in old age. A study based on the 
Lothian Birth Cohort 1921 (LBC1921) examined grip 
strength and non-verbal reasoning in parallel on three 

occasions from age 79 to 87 years  [26] . Growth curve 
modelling was used to extract intercepts and slopes from 
each variable, in order to test whether there were lead-lag 
associations, which could indicate whether one might be 
driving ageing-related changes in the other. In fact, there 
were no associations between their slopes, and the inter-
cept of one did not affect the slope of the other. What was 
found was that the two variables were correlated cross-
sectionally. Therefore, although they were associated, 
they did not share ageing-related variance across the 
ninth decade, and one did not appear to cause age-related 
deterioration in the other.

  In the paper, the following question was posed: ‘Can 
the association between reasoning and grip strength 
within old age be traced back to childhood?’ This is an 
intriguing possibility, for, if both are known to be associ-
ated with survival and they show cross-sectional correla-
tions in old age, but not any reciprocal dynamic ageing 
association, then they might serve as markers of a life-
long trait of system integrity. The answer was unclear. In 
the LBC1921 cohort there were data on intelligence test 
scores from childhood, but not on grip strength. There 
was a high correlation between intelligence test scores in 
childhood and in old age, including up to age 87. How-
ever, there was no significant association between intel-
ligence in childhood and grip strength in old age, sug-
gesting that they might not have lifelong shared variance, 
which would be required by the system integrity hypoth-
esis. There was some evidence from another study – the 
British 1946 birth cohort – that intelligence and grip 
strength might have shared origins, but this was equivo-
cal, and the two did not correlate in middle age  [27] .

  Fluctuating Asymmetry 
 Fluctuating asymmetry is a measure of the dissimilar-

ity of two sides of the body. In humans, facial symmetry 
is often studied, and also other parts of body, such as fin-
gers, wrists, ankles, ears, etc. The fundamental idea is 
that the achievement of symmetry is difficult, requires 
the co-ordination of many complex, interdependent de-
velopmental systems, and is an indicator of a system in 
good shape. It has also been debated whether – and the 
two are not exclusive – the attainment of symmetry re-
flects a good original blueprint/programme for develop-
ment (system integrity?), or if symmetry is a record of the 
ability to respond to environmental perturbations which, 
in a less efficient system, might have been removed fur-
ther from equilibrium and been left as asymmetrical.

  Fluctuating asymmetry has many of the qualities 
looked for in an indicator of system integrity. It has the 
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above-mentioned theoretical orientation, as an indicator 
of bodily integrity. It has been associated with health and 
with intelligence, though not unequivocally. A meta-
analysis found 14 samples with a total of 1,871 subjects, 
and concluded that people scoring higher on intelligence 
tests tended to be more symmetrical, with an effect size 
( r ) between 0.12 and 0.20  [28] . In addition, it is not pos-
sible simply to include facial and bodily symmetry as in-
dicating the same sets of influences. For example, child-
hood social status in men was associated with facial sym-
metry in old age; but this effect was not found in women, 
and not in men for bodily symmetry  [29] . The suggestion 
was made that, ‘bodily symmetry reflects the precision of 
molecular assembly and three-dimensional morpholo-
gy … . By contrast, the arguably mostly soft-tissue sym-
metry indexed by facial symmetry appears more sensitive 
to environmental impacts and is linked to differential 
rates of decline in old age, rather than to more stable trait 
levels of ability’  [29] . It will be informative to have studies 
that include both cognitive ability and symmetry (both 
types) measures and then follow up for morbidity and 
mortality.

  Metabolic Syndrome 
 System integrity was intended as a source of variation 

that was shared by different bodily systems. Therefore, 
evidence that there is variance shared by different health-
related phenotypes (other than trivially-obvious ones) is 
potentially valuable in pursuing the idea of system integ-
rity. Relevant to this is work in cognitive epidemiology on 
the metabolic syndrome. This is a combination of the 
body’s response to a glucose load, its adiposity (waist-hip 
ratio or body mass index), blood pressure, and lipid sta-
tus. Each of these is under multiple influences, and each 
is under stress that tends to take values away from equi-
librium. A good system might be viewed as one that can 
keep all of these at optimal levels.

  Crucially, for system integrity, the metabolic syn-
drome also has three further characteristics. The ele-
ments are correlated and they form a latent trait when 
analysed using structural equation modelling formally to 
test whether a latent trait exists  [30] . In longitudinal stud-
ies, lower prior cognitive ability is associated with a great-
er likelihood of developing the metabolic syndrome  [30, 
31] . Variance in the metabolic syndrome accounted for 
about a third of the cognition-cardiovascular disease 
mortality risk, though not for cognition all-cause mortal-
ity risk  [30] . Of course, following this up requires better 
understanding of the causes of the metabolic syndrome 
and the cognition-metabolic syndrome association. And 

the metabolic syndrome concept is one construct in an 
even broader framework, in the more general concept of 
allostatic load, which is discussed below  [32] .

  Genetic Correlation and Pleiotropy 
 Both cognitive ability and health differences show 

some degree of heritability. One source of shared pheno-
typic variation could lie in shared genetic causes. Such 
shared genetic causes could contribute to the mecha-
nisms of bodily systems that are more or less generally 
robust. Such a possibility could be explored using both 
behavioural and molecular genetic approaches.

  In a behavioural genetic study, the Generation Scot-
land: Scottish Family Health Study was used to estimate 
genetic correlations between cognitive ability and cardio-
vascular disease risk factors that were normally viewed as 
environmental in causation  [33] . There were genetic cor-
relations (in parentheses) between general cognitive abil-
ity and education (0.63), average income (0.45), smoking 
(0.45), and fruit and vegetable intake (0.23). That is, each 
of these variables was found to be partly heritable, and the 
genetic contribution to variance in them was shared to 
some extent with cognitive ability test scores. It is a long 
way from these associations to understanding the physi-
ology of brighter, healthier and longer-living individuals, 
but the results do give pause before merely intuitively la-
belling influences as environmentally- or genetically-
based causes. For example, in one of the studies on intel-
ligence and metabolic syndrome, it was found that educa-
tion was a mediator between the two  [31] . However, these 
behaviour genetic results mean that it cannot merely be 
concluded that education is an environmental effect, as 
we have discussed elsewhere  [34] . Ideally, a behaviour ge-
netic study should include a large sample of mono- and 
dizygotic twins with information on cognitive ability in 
youth and who have then been followed up until most of 
the sample has died, with health and illness information 
available in the interim. That would be a rare dataset, but 
it is a worthwhile exercise always to ask what an ideal 
study would look like.

  Genome-wide association analyses have not provided 
many low-hanging fruit (single mutations with large or 
even modest effect sizes) for complex traits like cognitive 
ability. However, new methods of analysis that use all the 
information in dense genetic arrays that include hun-
dreds of thousands of single-nucleotide polymorphisms 
have been able to account for a substantial minority of the 
variance in intelligence  [35] . It is only a matter of time, 
therefore, before this trait is joined in multivariate ge-
nome-wide analyses to ask whether the genetic risk of 
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lower intelligence is associated with the genetic risk for 
other physical and mental disorders with which it is 
linked. Given their progress in genome-wide studies – 
and their links with and relevance to prior cognitive abil-
ity and cognitive ageing – the first among these are likely 
to be type 2 diabetes, cardiovascular disease, and mood 
disorders. Will that help to test the system integrity hy-
pothesis? It might, if there are identifiable shared genetic 
variants. But caution must be raised, because it is typical 
for complex traits to have many genetic contributions 
that are very small in effect size. That is, even if a shared 
genetic signal emerges, it is possible that individual al-
lelic contributions to that signal are so small that they 
could be unidentifiable.

  Beyond genetic variants per se (such as single-nucleo-
tide polymorphisms or even copy number variants) it 
should be borne in mind that epigenetic influences (e.g. 
those on gene methylation) could also be a source of 
shared cognitive-health associations. It is already known, 
from animal models, that regulation of gene expression 
by methylation (caused, for example, by differences in 
maternal behaviour) can have an effect on systems that 
are involved in health and brain function  [36] . Methyla-
tion effects can occur from very early in human develop-
ment, and are a potential source of system integrity dif-
ferences.

  Conclusions 

 What Do We Mean by ‘System Integrity’ 
 The original notion of system integrity was that it 

meant the processing quality of the human machine as it 
came out of the factory door. The idea was that there was 
some link in quality between the various complex sys-
tems at this early stage, perhaps because the blueprint, the 
materials or the fabrication procedures – or some combi-
nation of all of these – was better in some than in others. 
This initial ‘as-perfect-as-possible’ system integrity refers 
to an almost impossible-to-measure state, given what we 
know about, for example, foetal development and how 
that influences chronic diseases in later life, and how epi-
genetic (e.g. methylation) effects can work in very early 
development. So, will system integrity be an elusive con-
cept, because all assessments of intelligence, for example, 
will always be indicators of both it and the tribulations 
that the system has already suffered? Perhaps not entirely, 
if part of the answer lies in genomic differences. Behav-
iour genetic and molecular genetic studies will appear 
that ask whether the phenotypic correlations between in-

telligence and health measures have any genetic basis. 
Some already predict that this is the case, and such au-
thors view intelligence as one aspect of a more general 
fitness factor that is a signal for sexual selection  [37, 38] .

  But it is still not as straightforward as that. Take, for 
example, the common variation in the gene for apolipo-
protein E,  APOE , whereby about a quarter of people have 
an e4 allele. Possession of this allele is associated with,
for example, cardiovascular outcomes and late-onset
Alzheimer’s disease and accelerated cognitive ageing, 
though not childhood intelligence. But the point here is 
that these genetic differences might be present from con-
ception, but are, arguably, part of the ‘ongoing system re-
pair’ rather than ‘original system integrity’. Of course, 
they are knowable from birth. This means that we might 
be in a position of knowing, from genetic status that, al-
though there are no measurable phenotypic differences 
early on, some systems are predisposed to less good repair 
(or response to allostatic load more generally) subse-
quently. To the extent that the system integrity idea states 
that there should be measurable phenotypes of this latent 
trait from early in the life course, such a state of affairs 
would not be included within it.

  Is System Integrity a ‘Theoretical Soup Stone’? 
 In science we can invoke concepts that are in essence 

illusory: they ultimately do not explain or predict, even 
though they appeared at one time to have such power. 
This is the idea of the soup stone; it comes from the tale 
that to make good soup one needs this stone, though it 
also helps to have a good stock, vegetables, seasoning, and 
meat (if desired). This was memorably applied to the con-
cept of human cognitive processing ‘resources’  [39] . It has 
occurred to me that, when we understand the factors and 
mechanisms that afford one person’s meeting brain pa-
thology with less cognitive decrement than another per-
son, we might be able to shed the concept of cognitive 
‘reserve’  [15] , or maybe we shall use it as a decorative car-
rying basket for a collection of the truly explanatory fac-
tors.

  It is possible that there are some ‘initial conditions’ –
differences across bodily systems that share variance – 
that explain the covariance between early life cognitive 
ability and later health. The point here is that when we 
know the causes and mechanisms of these, we might be 
able to slough off the holding concept of system integ-
rity. Its usefulness, then, will have been that it was a 
place marker for somewhere we intended to look for ex-
planation, and where we were pointing to others to in-
vestigate.
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  Jingling and Jangling 
 We should be careful that system integrity is not just a 

new form of words for something that is already out there 
under another name. It is scientific bad practice to make 
neologisms where an existing concept is already doing 
the same job. This practice has been rife for so long in 
psychology that it long ago was given the name of the 
‘jangle fallacy’, and was described as being the scientific 
error of having, ‘Two separate words or expressions cov-
ering in fact the same basic situation, but sounding dif-
ferent, as though they were in truth different’ [ 40 , p. 64].

  System integrity is not the same as cognitive reserve, 
for example, because the latter applies to cognitive chang-
es after the onset of brain pathology. Similarly, as ex-
plained above, it is not the same as the common cause 
hypothesis of cognitive ageing, because this refers to pos-
sible causes of shared age-related changes across systems, 
not to how initial bodily conditions across systems might 
anticipate later health and survival.

  System integrity is closer to the idea of allostatic
load – or ‘multisystem biological risk’, which can already 
be detected as a general latent trait in young adults – 
which combines (including formally statistically) fitness 
across cortisol, hormones, metabolism, inflammation, 
blood pressure, and heart performance  [32] . The authors 
suggested that, ‘such a metafactor model of AL [allostatic 
load] may be a particularly useful tool in efforts to assess 
the multiple physiological pathways through which fac-
tors such as socio-economic status or exposure to chron-
ic stress impact health’ (p. 471). And intelligence, of 
course. The researchers on allostatic load emphasise the 
cross-system covariance that is at the heart of the system 
integrity ideas: ‘surprisingly little attention has been paid 
to the health impacts of the co-occurrence of physiologi-
cal dysregulation across multiple systems’ (p. 463). And 
system integrity is also akin to the idea of a general fit-
ness,  ‘ f ’ , factor suggested by others  [37, 38] . This general 
fitness factor is conceptualized by the authors as being 
caused by ‘mutation load’  [38] .

  Likely Same Effects/Causes for All Types of Death? 
 One of the problems for explanation in cognitive epi-

demiology is the wide range of causes of mortality  [1, 2]  
and other health outcomes  [38, 41]  with which intelli-
gence differences are associated. Can a single cause or set 
of causes possibly explain such different morbidities and 
mortalities? This is a good point at which to remind read-
ers that system integrity was only ever suggested to be one 
of a number of non-exclusive explanations for cognitive 
ability-illness/mortality associations; it was not expected 

that it might do all the work. Nevertheless, the allostatic 
load  [32]  and fitness factor  [38]  accounts are conceptual-
ized as broad in their ranges of influence.

  Another general explanation for the intelligence-sur-
vival association has been suggested in the form of ‘per-
sonal characteristics, the habits, tendencies, and behav-
iours that lead to academic success’  [42] . This was a re-
sult of the finding that rank in high school class 
mediated the association between IQ and survival. 
However, the personality characteristics that were in-
voked to ‘explain’ the intelligence-survival association 
were likened to the personality trait of conscientious-
ness which, when it has been examined alongside intel-
ligence, adds independent variance to the prediction of 
survival rather than accounting for the intelligence-sur-
vival association  [43] .

  If progress is to be made in increasing the utility of the 
system integrity construct in cognitive epidemiology, 
there should be: additional plausible markers suggested 
for the construct; the expansion to additional types of 
study, including multivariate, health-focussed behav-
iour- and molecular-genetic studies, and a proper evalu-
ation of system integrity in the context of related con-
structs. After all that, one cannot guarantee that the now-
attractive construct of system integrity will not evaporate 
like Scotch mist.
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