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Abstract

Psychosomatic disorders are comprised of an array of psychological, biological, and 

environmental features. The existing evidence points to a role for genetic factors in explaining 

individual differences in the development and maintenance of a variety of disorders, but studies to 

date have not shown consistent and replicable effects. As such, the attempt to uncover individual 

differences in the expression of psychosomatic disorders as a function of genetic architecture 

requires careful attention to their phenotypic architecture, or the various intermediate phenotypes 

that make up a heterogeneous disorder. Ambulatory monitoring offers a novel approach to 

measuring time-variant and situation-dependent intermediate phenotypes. Recent examples of the 

use of ambulatory monitoring in genetic studies of stress reactivity, chronic pain, alcohol use 

disorders, and psychosocial resilience are reviewed in an effort to highlight the benefits of 

ambulatory monitoring for genetic study designs.

Ambulatory monitoring offers a unique approach to capturing time-variant processes that 

may inform genetic models of human behavior and psychosomatic disorders. In this article, 

we provide a rationale for the application of ambulatory monitoring methods to 

psychosomatic research involving molecular genetics. In so doing, we introduce some of the 

pitfalls of molecular genetic methods, and develop a working framework through which 

ambulatory monitoring may improve upon past efforts to characterize gene-phenotype 

relations in complex psychosomatic disorders. Although ambulatory monitoring can be 

applied to both subjective self-report and objective psychophysiological data collection, our 

focus in this article is primarily on the former. We have chosen this direction because such a 

sizable portion of the common symptoms and modulatory factors associated with 

psychosomatic disorders - including stress, cognition, emotion, pain, and well-being-- 

require assessment of individual subjective impressions, and unreliable measurement of 

these subjective variables can affect the validity of genetic associations. As such, it is 
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necessary to evaluate the utility of ambulatory monitoring in the assessment of complex 

phenotypes that rely on subjective self-report. That being said, we recognize the importance 

of ambulatory psychophysiological measurement and will comment on its utility in the 

genetics of psychosomatic medicine later in the article.

After initially promising results in twin-based studies signaled the involvement of genetic 

factors in the development of such varied disorders as depression (1), cardiovascular disease 

(2), alcohol dependence (3, 4), and chronic pain (5), recent years have seen a proliferation of 

studies that have attempted to identify specific molecular genetic associations with these 

disorders and others that sit at the crossection of biology and behavior. Despite the 

considerable investment of resources to improve the precision and scope of genomic 

analysis, little has been definitively learned about the genetic basis of complex behavioral 

disorders. Valid and replicable effects remain the holy grail of molecular genetic research, 

and there continues to be controversy about the best path forward, as well as the best vehicle 

to take us there. Much of this controversy concerns modeling on the genetic side of the 

gene-phenotype equation. Will it be more fruitful to focus on common or rare alleles? Do 

copy number variants hold more promise than single nucleotide polymorphisms (SNPs)? 

These and countless other gene-oriented questions are beyond the scope of this article. 

Rather, here we turn to the phenotypic side of the gene-phenotype equation, and make a case 

for the role of ambulatory monitoring in this uncertain calculus.

Psychosomatic disorders are by definition multifaceted and characterized by interactions of 

factors of the body and mind that are constantly evolving and responding to shifting 

environmental demands. As such, the attempt to uncover individual differences in the 

expression of these disorders as a function of genetic architecture requires careful attention 

to the “phenotypic architecture,” or the various intermediate phenotypes1 that make up any 

complex disorder with both biological and behavioral inputs (6, 7). Ambulatory monitoring 

is primed to play a leading role in this effort. To support this notion, we first describe the 

principle problems with molecular genetic applications to psychosomatic research to date. 

We then will argue for how ambulatory monitoring, in general, can address each of these 

methodological shortcomings. Table 1 summarizes the “threats” to the validity of molecular 

gene-phenotype associations, along with the “solutions” offered by ambulatory monitoring. 

These “solutions” by no means solve the dilemmas facing genetic research, but, rather, offer 

methodological strategies that, we believe, may improve our understanding of the genetic 

basis of psychomatic illnesses. Finally, we will highlight several specific psychosomatic 

research domains in which the marriage of ambulatory monitoring and molecular genetic 

methods holds promise and, in some cases, has already begun to advance our understanding 

of common illnesses.

1To clarify, a phenotype is the observed expression of the function of a gene, and can be as broadly conceptualized as the presence of 
disease, or as narrowly conceptualized as a symptom or state that is characteristic of a disease. Symptoms or states that are considered 
intermediate between the function of a gene and the development of a disease are considered ‘intermediate phenotypes.’ For example, 
if alcoholism is the target disease phenotype, researchers may be interested in measuring the effect of a target genetic variant on 
alcohol sensitivity as an intermediate phenotype.
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Threats to the Validity of Genetic Associations in Psychosomatic Research

Threat 1: Reliability and Validity

Perhaps the greatest problem with molecular genetic studies of complex illness to date has 

been poor replicability of reported effects (8, 9) and, consequently, widespread skepticism 

about the validity of these effects. Although a number of factors could influence the 

replicability of an observed effect, an unreliably measured intermediate phenotype will 

weigh heavily on this likelihood. When elucidating the genetic basis for psychosomatic 

disorders, which are heterogeneous and comprised of a variety of independent and 

interacting intermediate phenotypes, reliable and ecologically valid characterization of the 

genetic association with the disorder may require measurement of intermediate phenotypes 

in both simulated and natural environments. As such, gene × environment designs have 

become attractive tools for genetic inquiry (10). In such models, exposure to an 

environmental factor, such as life stress, is expected to interact with a genetic variant of 

interest in the prediction of disease development, maintenance, or severity. As a principle 

advantage of ambulatory monitoring is its contribution to enhanced ecological validity, this 

approach is a natural fit for gene × environment designs.

In addition to the edge in ecological validity provided by ambulatory monitoring, 

measurement reliability may also be improved. Research has consistently indicated that 

repeated measures of self-report variables in close temporal proximity to that which is being 

reported are more accurate and reliable than single-occasion assessments requiring recall 

(for a review, see: 11). The replicability of observed associations between genes and 

phenotypes based on self-report also hinges on the reliability of the measure, and the 

occasion(s) in which it is measured. For intermediate phenotypes that would be expected to 

vary over time, such as mood, pain, or other time-varying expressions of self-reference, an 

ambulatory monitoring approach provides the flexibility to assess these variables in close to 

real-time.

Cognitive and social psychological research has shown that self-reports of past experiences 

are influenced by the past frequency of occurrence of the experience (12). Further, the 

recency and peak intensity of stimuli such as stress or pain have been shown to influence 

retrospective reports (13). Ambulatory monitoring of self-reports minimizes the bias 

introduced by recall errors by assessing self-report in close to real-time. Further, ambulatory 

monitoring affords investigators the opportunity to analyze data prospectively, a technique 

that facilitates causal inference and decreases error variance (14). Thus, the close-to-real-

time measurement provided by ambulatory monitoring techniques should improve the 

reliability and validity of measured self-report phenotypes, a critical step in the path toward 

valid and replicable genetic effects.

Threat 2: Low Power to Detect Small Effects

The increased reliability of repeated measurements through the intensive longitudinal study 

designs inherent in ambulatory monitoring of self-reported experience also enhances 

statistical power. Underpowered studies will not be able to reliably detect effects of complex 

illnesses. In fact, meta-analyses (15, 16) of the classic 5-HTTLPR × life stress interaction 
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predicting risk for depression (17) have argued that most studies of this phenomenon have 

been underpowered, resulting in mixed findings and diminished confidence in the validity of 

positive findings (for a counter argument, see: 18). Effect sizes, which partly determine 

power, have typically been very small in molecular genetic studies of complex psychiatric 

and behavioral disorders (19, 20). Cohen (21) explained that unreliability attenuates 

observed effect sizes and, hence, statistical power. In the absence of consistently well-

powered designs, an effect is unlikely to be consistently replicated. Therefore, the increased 

measurement reliability realized through ambulatory monitoring may improve power.

When effect sizes are expected to be small, sample size demands increase quickly in order to 

achieve appropriate statistical power. Ambulatory monitoring, however, can reduce the 

burden of sample size through repeated measurements. Figure 1 illustrates the statistical 

power advantage of repeated measurements over single observation, cross-sectional data 

collection by plotting needed sample size and statistical power to detect a small effect of 

size .15, on the metric of a biserial correlation coefficient (measuring the association 

between a categorical variable, the gene, and a continuous phenotypic measure). For this 

illustration we assume a reliability of .6 for a single observation, cross-sectional design that 

includes 200 subjects, and a reliability of .8 for a repeated measure design with 100 repeated 

measurements (a number that is now relatively easily obtainable through digital technology). 

It should be noted that the autocorrelation of repeated measurements needs to be considered 

in the estimation of power as well, and can be controlled for, in developing these designs; 

power diminishes as autocorrelation increases. Figure 1 was simulated while using an 

autocorrelation parameter of .6, which is consistent with what we have historically found in 

our daily diary data. The simulation shows that under these specific parameters, between 

250-300 subjects are needed to obtain power of .8 in the repeated-measures design (dotted 

line), whereas nearly 600 subjects are needed for similar power in the single observation, 

cross-sectional design (solid line). Thus, ambulatory monitoring may be an appropriate 

phenotypic measurement strategy in studies where recruitment of very large samples is not 

feasible (e,g., clinical samples).

We recognize that increasing sample size is a stronger approach to increasing power than 

adding within-person units. However, as our simulation demonstrates, the addition of 

within-person units can relieve a sizable sample recruitment burden without affecting power, 

assuming that reliability of the measured construct is increased through the repeated 

measurement occasions. Recent technological developments have made the collection of 

such a volume of repeated measurements more palatable to the participant through multiple 

within-day measurements on personal digital devices. A recent study, for example, assessed 

nicotine craving and other self-report variables 8 times daily for 21 consecutive days (22). 

Further, passive ambulatory psychophysiological techniques, such as actigraphy, can reach 

hundreds of data points with even less participant burden.

Threat 3: Poor Phenotypic Specification

Until recently, molecular genetic research has been primarily concerned with genetic 

predictability of the presence or absence of disease. For psychosomatic disorders, diagnostic 

criteria can be unreliable, and do not always accurately characterize the various factors that 
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may account for individual differences in the population (e.g., 23). It is for this reason that 

scholars have argued for the measurement of intermediate phenotypes, which are designed 

to shorten the ‘predictive distance’ between gene and disease by defining and measuring a 

phenotype that is descriptive of the processes engendered by the function of the gene (7).

Ambulatory monitoring is poised to improve phenotypic specification by permitting greater 

flexibility in the choice of phenotypic markers that may be pertinent to disease development 

and maintenance. For example, people with major depressive disorder have been shown to 

be more stress-reactive than the general population (24). Stress reactivity, then, could be 

considered an intermediate phenotype that addresses a key feature of that disorder (25). 

Stress reactivity and other process-oriented variables may be more accurately measured 

through daily self-report than is possible in laboratory-based simulations (26). When the 

goal is to determine genetic association with an intermediate phenotype, the specificity of 

that phenotypic marker to the disease process is essential; subtle differences in how a 

phenotype is measured could produce variable results. Reactivity to an interpersonal stress 

challenge in a laboratory setting (e.g., Trier Social Stress Test, 27), for example, may 

produce a more acute, amplified, and truncated physiological and psychological response 

than that which is observed through a participant's report of ongoing negative interpersonal 

events and his or her reaction to them, thereby presenting a threat to criterion validity (28). 

In fact, one review of cardiovascular reactivity found only 20-25% concordance between 

hypothesized relations in the laboratory and the field (28). A recent empirical study found 

that heart rate reactivity to several different types of laboratory stressors did not reliably 

predict ambulatory heart rate variation (29). Further, ambulatory blood pressure monitoring 

has been shown to be a better predictor of cardiovascular disease than a laboratory 

assessment (30). Thus, laboratory simulations of processes thought to be descriptive of an 

intermediate phenotype may not always be good proxies of the process in the flow of daily 

life. In such instances, ambulatory monitoring may provide an advantage to laboratory 

assessments in detecting gene-phenotype association. In the following section, we highlight 

examples from several domains of psychosomatic research in which ambulatory monitoring 

has been employed to measure putative intermediate phenotypes in the context of genetic 

investigations.

Ambulatory Monitoring Applications in Psychosomatic Research

Stress Reactivity

The ability of ambulatory monitoring to capture daily dynamic stress-distress sequences as 

phenotypes was initially demonstrated in twin designs. Jacobs et al. (31) utilized momentary 

assessment to develop an index of stress reactivity in a population-based sample of twin 

pairs. Whereas most correlational studies investigating the gene-environment interplay in 

stress-based disorders had focused on ‘macro-level’ stressors (i.e., major life events), Jacobs 

et al. reasoned that vulnerability-stress processes also occur in the context of ‘micro-level’ 

daily stressors, which may also be partially explained by genetic factors. Stress reactivity in 

this study was gauged with ecological momentary assessment (EMA; 11) and defined as 

momentary changes in negative affect in response to negative event-induced stress. 

Structural equation modeling revealed that 12% of the individual differences in stress 
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reactivity could be explained by genetic factors. An additional study found that monozygotic 

twins whose co-twin had a lifetime history of major depression had greater stress reactivity 

than dizygotic twins, providing further evidence for the association of genetic factors with 

this putative intermediate phenotype for the development of depression (25).

These promising twin-based findings were complemented by work of Gunthert and 

colleagues (32) in their molecular genetic study exploring stress reactivity as an intermediate 

phenotype for anxiety disorders. These authors noted that, although numerous studies have 

attempted to identify specific genes that predispose people to anxiety-related outcomes, 

studies of the relation between the 5-HTTLPR polymorphism and anxiety-related personality 

traits have produced mixed results. One explanation for the mixed results is that genetic 

vulnerability might be revealed in reports of anxiety, but only when activated by stress. 

Indeed, animal research and neuroimaging studies in humans indicate that 5-HTTLPR 

differences in anxiety may be observed under conditions of immediate threat (33-36). 

Results indicated that variation in 5-HTTLPR acts as a genetic diathesis for the experience of 

anxious mood in response to daily stressors. On days when college students experienced 

more intense stressors, short allele carriers reported elevated feelings of anxiety, compared 

to long allele carriers. This gene gene × stress interaction was not replicated when measures 

of trait anxiety and neuroticism were substituted for the marker of daily stress reactivity.

A more recent investigation by Simons et al. (37) utilized ambulatory monitoring of self-

report to capture genetic variation in stress-paranoia sequences, which could have 

implications for the development of psychotic disorders. In light of research showing that 

paranoid responses to daily stressors may be moderated by brain-based differences in 

mesolimbic dopaminergic and nerve growth factor signaling, ambulatory monitoring 

provided an opportunity to assess individual differences in daily reactivity as a function of 

variation in candidate genes known to affect these pathways. Indeed, the authors found that 

carriers of vulnerability alleles in the catechol-O-methyltransferase (COMT) and brain-

derived neurotrophic factor (BDNF) genes evidenced greater paranoid responses to daily 

negative events and social stressors, respectively, than those without the vulnerability 

alleles.

These findings complement emerging research regarding the role of environmental 

circumstances in the expression of genetic differences (10). By virtue of their ability to 

capture affective and cognitive states in close temporal proximity to daily stressors, they 

also highlight the utility of ambulatory phenotypic markers for answering research questions 

dependent on the characterization of time- and situation-variant processes.

Cognitive and Affective Modulation of Pain

Similar to the role of dynamic stress and mood sequences in differentiating people with and 

without psychopathology, cognitive and affective reactivity styles have been shown to 

contribute to individual differences in chronic pain outcomes (38). Therefore, ambulatory 

monitoring may also be an important phenotypic measurement tool to assess the cognitive 

and affective antecedents and sequelae of pain experiences among. Our group has recently 

published two studies that, to our knowledge, are the first to employ ambulatory monitoring 

in assessing genetic associations with chronic pain (39, 40). The first study (39) found that 
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variation in the COMT gene was associated with daily positive affective reactivity to pain 

among fibromyalgia (FM) patients. Here, ambulatory monitoring of self-report with 

electronic daily diaries helped specify an intermediate phenotype that was both relevant to 

the function of neurotransmitter pathways affected by variation in COMT, and was also a 

highly specific process shown to be dysregulated in FM patients: positive affective reactivity 

to daily pain (41, 42). The relation of COMT genotype to positive affect was not direct, but 

rather was contingent on daily pain experience.

In a separate report, Finan and colleagues (40) extended earlier cross-sectional findings by 

George et al. (43) which showed that variation in COMT interacted with pain 

catastrophizing to predict pain-related outcomes post-shoulder surgery. Our study extended 

those findings to FM patients by using measurements of pain and pain catastrophizing 

obtained through an electronic daily diary. We hypothesized that pain and the extent to 

which people catastrophized about its meaning would vary both between people with FM 

and within individuals from day to day. Results indicated that COMT genotype did not 

differentiate pain reports on average, but FM patients homozygous for the met allele 

evidenced a greater spike in pain on low catastrophizing days relative to high 

catastrophizing days than those with other COMT genotypes. In both studies, ambulatory 

monitoring was critical in showing that COMT is related to FM through daily contingent 

subjective experiences, rather than through direct relations with common symptoms.

Situational Determinants of Alcohol Abuse

Alcohol use disorders are another intriguing class of phenotypes for which research has 

attempted to identify a genetic basis (44, 45). Alcohol abuse is known to be influenced by a 

variety of situational factors that change daily and may be influenced by genetic factors, 

including stress exposure, chemical exposure, social context, motivation, and incentive 

salience (46). Therefore, there is a need for studies to measure intermediate phenotypes that 

account for the substantial array of environmental and psychological predictors of alcohol 

abuse.

Several candidate gene studies have utilized ambulatory monitoring to strengthen the 

reliability of phenotypic measurement of self-reported alcohol use via prospective 

assessment (47-51). Two studies, however, stand out for their use of ambulatory monitoring 

to more thoroughly assess the phenotypic architecture of alcohol use disorders by combining 

the assessment of consumption quantity and frequency with time-variant behavioral 

pharmacological variables. Tidey et al. (51) employed EMA to determine if individual 

differences in the dopamine receptor d4 (DRD4) and OPRM1 genes moderated the blunting 

effect of the opioid antagonist naltrexone on craving for alcohol in a natural environment for 

heavy drinkers. Ambulatory monitoring was particularly pertinent in this study because prior 

results in laboratory studies of genetic moderation of the naltrexone-craving effect had been 

mixed (52, 53). The findings indicated that DRD4 genotype moderated naltrexone's effect on 

percent of heavy drinking days but not on self-reported craving, whereas OPRM1 genotype 

did not moderate heavy drinking frequency or craving. These findings provided concurrent 

validity for those observed in a lab-based study (52), and suggest that the ecological validity 

of earlier lab-based results may need to be revisited.
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In a separate report, the same polymorphisms on DRD4 and OPRM1 were proposed to 

moderate the subjective effects of alcohol among heavy drinkers (50). EMA was used in this 

case to measure the momentary contingencies of alcohol consumption on mood and urge to 

drink. Across measurement occasions, consumption of alcohol resulted in higher levels of 

vigor and lower levels of negative mood among carriers of the asp allele on OPRM1 relative 

to those without the asp allele, and a higher urge to drink among long allele carriers relative 

to carriers of the short allele on DRD4. However, momentary analyses revealed that as 

estimated blood alcohol content increased, these effects were attenuated. The authors 

suggest that these unique findings, uncovered for the first time in a natural environment, 

reveal that the subjective effects resulting from the initial stimulatory versus long-term 

depressive properties of alcohol may differ by genotype profiles in the μ-opioid system (50). 

Further, the fact that DRD4 long allele carriers reported a higher urge to drink overall, but 

lower urge to drink in the context of an increasing estimated blood alcohol content, suggests 

that alcohol cues among long allele carriers may affect drinking behavior to a greater degree 

than alcohol content (50). Such subtle ‘when-then’ contingencies begin to unravel the role of 

genetic factors in alcohol dependence, describing highly specific intermediate phenotypes in 

a naturalistic environment that both plays host to and directly influences the interaction of 

behavior and biology on a moment-to-moment basis.

Psychosocial Resilience

Genetic studies that have employed ambulatory monitoring have not been solely focused on 

phenotypes of vulnerability. Rather, researchers have begun to examine the potential role of 

genetic factors in resilience to stress and psychopathology. Twin-based research using EMA 

has shown that momentary positive affect buffers the negative affective reactivity to stress 

and decreases the genetic vulnerability for depression (54). In an EMA study designed to 

assess the experience of reward via momentary positive affective reactivity to positive event 

appraisals, variation in COMT, which confers greater tonic dopamine activity in the 

prefrontal cortex, predicted higher positive affect at increasing levels of positive event 

appraisal (55). Importantly, a main effect of COMT on positive affect was not observed. In a 

separate study, Wichers and colleagues (56) demonstrated the role of BDNF genotype on the 

positive affective buffering of momentary negative affective reactivity to social stress. 

Again with these studies, ambulatory monitoring was essential to the elucidation of subtle 

dynamic sequences.

Psychophsyiological Measurement

Just as we have trumpeted the utility of ambulatory monitoring for complex psychological 

phenotypes measured through self-report, it is important to acknowledge the value of 

ambulatory monitoring to molecular genetic inquiries involving psychophysiological 

variables. In fact, the majority of published ambulatory monitoring studies in general 

involve psychophysiological, as opposed to psychological, measurements (57). A variety of 

psychophysiological parameters, including blood pressure, heart rate, cortisol, blood 

glucose, and physical activity, may be considered intermediate phenotypes for a variety of 

psychosomatic disorders. Accurate and reliable ambulatory psychophysiological devices 

provide an advantage in ecological validity relative to laboratory measurements of 

psychophysiological processes and, according to some theorists, increase the heritability of 
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intermediate phenotypes. This has been explicitly demonstrated in twin studies of heart rate 

variability (58, 59). Further, ambulatory monitoring has long been a routine method for 

assessing blood pressure over daytime and nighttime intervals, and so it is no surprise that 

some genetic studies have employed this strategy for phenotypic measurement (e.g., 60).

Disorders for which psychophysiological ambulatory monitoring is especially pertinent, 

such as hypertension, have accrued mixed findings among molecular genetic studies. The 

relative paucity of thorough phenotyping has been cited as a principle source of culpability 

for those inconsistencies (61). For example, heart rate variability has been proposed as an 

intermediate phenotype for a variety of psychopathological disorders (62), and a twin study 

has established ambulatory heart rate variability as a highly heritable phenotype, with 

heritability estimates ranging from 35-48% (59). However, recent twin-based work has 

indicated that heart rate variability in response to a stressor is no more heritable than resting 

heart rate variability and may be predicted by approximately 60-81% of the same genetic 

factors as resting heart rate variability (63). This finding, consequently, raises the question 

of whether heart rate variability measured in the flow of daily life will a better choice than 

resting heart rate variability in molecular genetic studies. This example highlights the 

broader need for more work to focus on ‘deep phenotyping,’ with synergistic models of 

candidate genetic information, ambulatory psychophysiological variables, time-variant 

environmental exposures, and subjectively reported psychological and somatic experiences.

Summary and Conclusions

In this article, we have presented a rationale for the inclusion of ambulatory monitoring 

techniques in genetic applications to psychosomatic research. Molecular genetic studies 

have suffered from low reliability, low power, and poor phenotypic specification and 

measurement. Ambulatory monitoring, particularly for intermediate phenotypes requiring 

self-report, is uniquely poised to address each of these pitfalls, and its utility has been 

displayed in research on the genetics of stress reactivity, chronic pain, alcohol abuse, and 

affective resilience.

The importance of replication in genetic studies cannot be overstated. Replication of 

findings discovered through ambulatory monitoring studies may be a more burdensome task 

than replication of a case-control association study in which diagnosis may be the only 

phenotypic measure. For studies measuring intermediate phenotypes, measurement choice 

will be critical. For example, use of the two most widely used depression measures, the 

Hamilton Rating Scale for Depression (64) and the Beck Depression Inventory (65) varies 

significantly between basic science and treatment outcome disciplines. A genetic association 

with such a complex phenotype as depression may vary significantly between scales 

purported to measure the same construct. As an example, a recent review of the efforts made 

to replicate the classic Caspi et al. (17) 5HTTLPR × life stress interaction highlights that 

affirmative replications have tended to use objective indicators or in-depth interviews to 

assess stress exposure, whereas nonreplications have tended to use brief self-report measures 

(18). As more rich and varied forms of phenotypic measurement are introduced, careful 

thought must be given to what a valid replication means in the context of genetic association 

studies with intermediate phenotypes in psychosomatic research.
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Clinicians and clinical researchers may be interested in how molecular genetic findings, 

particularly in gene × environment research, pertain to clinical outcomes and the propensity 

for change through behavioral treatment. For example, if risk genotypes are treated as 

diatheses for illness, should they be considered to be immutable, and their carriers 

impervious to change through clinical intervention? Alternatively, can individuals be 

selected by their genetic profiles for a personalized medical regimen? Although ambulatory 

monitoring may improve the flexibility of phenotypic specification and reliability of 

measurement, the expectation is still that effect sizes will be relatively small, and that 

multiple genetic variants, or perhaps multiple systems of genes and their products will 

contribute to variance in an illness. Therefore, clinicians should proceed with caution in 

interpreting an individual's likelihood for behavioral treatment success based on genotype. 

Valid genetic associations with intermediate phenotypes measured through ambulatory 

monitoring may enhance our understanding of the mechanisms contributing to the 

development and maintenance of psychosomatic disorders. The extent to which these 

associations inform personalized medical and behavioral treatment decisions will depend on 

the consistency of the findings across studies, and the effect sizes generated through meta-

analysis. Future clinical research should investigate whether genetic factors explain 

individual differences in the modification of daily when-then contingencies (i.e., coping 

with daily stressors) by psychological interventions, such as cognitive-behavioral therapy.

Despite the theoretical and statistical considerations we have offered in this article, an 

empirical study has not yet been conducted to directly test whether gene-phenotype 

associations, in particular, are more reliably captured through repeated versus single-

occasion measurements. Although empirical data does support the increase in reliability 

afforded by ambulatory monitoring in general psychological designs (66), a direct test of 

this hypothesis with genetic data is needed.

The application of genetic association designs to psychosomatic research is still in its 

infancy. While genetic methods in psychiatry have rapidly evolved to allow for massive 

genome-wide investigations with large-scale, multi-site databases, methods for assessing the 

phenotypic processes that mediate and moderate gene-disease associations have lagged 

behind. Ambulatory monitoring, by permitting the investigation of genetic associations with 

daily processes measured in close to real-time, is a promising strategy for assessing 

intermediate phenotypes.
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Figure 1. 
Statistical power as a function of sample size to detect a bi-serial correlation coefficient of 

size .15 in a repeated-measure design with 100 repeated measures, autocorrelation of .6, and 

reliability of .8, versus single observation, cross-sectional designs with reliability of .6.
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Table 1
Threats to Detecting True Gene-Phenotype Associations and Solutions Offered by 
Ambulatory Monitoring

Threats Ambulatory Monitoring Solutions

1. Low phenotype reliability 1. Improved reliability through real-time assessment in a natural environment; reduced 
bias from recall errors

2. Low power due to small effects and small 
samples

2. Improved power through repeated measurements

3. Poor phenotypic specification 3. Flexible, ecologically valid phenotyping
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