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a  b  s  t r  a  c  t

Associations  between  stress-related  biomarkers,  like  cortisol  or  catecholamines,  and  somatic  or  psycho-
logical symptoms  have  often  been  examined  at  the  group  level.  Studies  using  this  nomothetic  approach
reported  equivocal  findings,  which  may  be due  to  high  levels  of  intra-individual  variance  of  stress
biomarkers.  More  importantly,  analyses  at the  group  level  provide  information  about  the  average  patient,
but do  not  necessarily  have  meaning  for individual  patients.  An alternative  approach  is  to  examine  data
at  the  level  of  individual  patients  in  so-called  idiographic  research.  This  method  allows  identifying  indi-
viduals  in  whom  symptoms  are  explained  by  preceding  alterations  in specific  stress  biomarkers,  based
on time  series  of symptoms  and  stress  biomarkers.  To  create  time  series  of  sufficient  length  for statis-
tical  analysis,  many  subsequent  stress  biomarker  measurements  are  needed  for  each  participant.  In  the
current  paper,  different  matrices  (i.e. saliva,  urine,  nail and  hair)  are discussed  in light  of  their  appli-
cability  for  idiographic  research.  This  innovative  approach  might  lead to promising  new  insights  in the
association  between  stress  biomarkers  and  psychological  or  somatic  symptoms.  New  collection  tools  for
stress biomarkers,  like  the  use  of  sweat  pads,  automated  microdialysis  systems,  dried  blood  spots,  or
smartphone  applications,  might  contribute  to the  feasibility  and  implementation  of idiographic  research
in  the  future.

© 2015  Elsevier  Ltd. All  rights  reserved.

1. Examining psychoneuroendocrinology at the level of
individuals

Since the last half of the previous century, stress-related periph-
eral biomarkers, like cortisol and catecholamines, have been
examined in patients suffering from psychological and somatic
disorders (Tak et al., 2009b; Vogelzangs et al., 2010; Vrshek-
Schallhorn et al., 2013). In these studies, it is generally assumed
that alterations found at the group level are present in all indi-
vidual patients. However, in order to generalize findings at the
group level to the level of the individual, two assumptions have
to be met: (1) the study population has to be homogeneous, and
(2) the processes under study should have a stable mean and
(co) variance function over time (Molenaar, 2004). Regarding the
first assumption, studies provide evidence for significant intra-
individual heterogeneity with regard to the importance of stress
biomarkers in disease (Kudielka et al., 2009; Tak et al., 2009a,b). Dif-
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ferences between groups of patients and controls are often smaller
than the differences within these groups. The second assump-
tion, stability over time, most likely does not hold for most stress
biomarkers. Studies looking at within-individual stability of cor-
tisol levels over time show large day-to-day fluctuations, shifts
in a person’s mean level over the course of days, and cyclical
trends (Platje et al., 2013; Schubert et al., 2012). Moreover, the
psychological processes to which these stress biomarkers are often
linked are inherently unstable over time (Molenaar and Campbell,
2009). When the process under study violates the homogeneity
or stability assumption, findings at the population level cannot be
generalized to the individual level. A new approach in the field
of psychoneuroendocrinology, adopted from fields such as econo-
metrics and engineering, might aid overcoming these problems.
This time-series method, which is an idiographic approach, aims
at identifying relationships within individuals. The method can for
example be used to link multiple repeated measurements (time
series) of a suspected stress biomarker to somatic or psychologi-
cal symptoms within a single patient. Such an approach provides
information about a single patient and thus allows determining
whether a biomarker is related to the symptoms in that partic-
ular patient. These analyses do not need a priori decisions about
which variable is the determinant and which variable the outcome,

http://dx.doi.org/10.1016/j.psyneuen.2015.08.002
0306-4530/© 2015 Elsevier Ltd. All rights reserved.

dx.doi.org/10.1016/j.psyneuen.2015.08.002
http://www.sciencedirect.com/science/journal/03064530
http://www.elsevier.com/locate/psyneuen
http://crossmark.crossref.org/dialog/?doi=10.1016/j.psyneuen.2015.08.002&domain=pdf
mailto:j.g.m.rosmalen@umcg.nl
dx.doi.org/10.1016/j.psyneuen.2015.08.002


190 S.L. van Ockenburg et al. / Psychoneuroendocrinology 62 (2015) 189–199

Table 1
Differences between idiographic and nomothetic research with regard to psychoneuroendocrinologic research.

Idiographic Nomothetic

Analysis level Individual level Group level
Research questions E.g. Does a rise in cortisol level predict

deterioration of mood in this participant?
E.g. Do participants with low mood have higher
cortisol levels?

Power Determined by number of observations for each
individual

Determined by number of participants and
number of observations for each individual

Number of data points for each participant As high as possible, at least 30 for vector
autoregressive analyses

Possible with one observation for each participant

Confounders Factors that fluctuate within the measurement
period (e.g. weather, stressful events, number of
cigarettes smoked)

Factors that differ between participants (e.g age,
gender, glucocorticoid sensitivity, biological
challenge)

Practical consequences Data preferably equidistant and stationary. Highly
intensive collection period, thus, concessions have
to  be made to make collection feasible (e.g. no food
intake 30 min  before saliva sample)

Data do not need to be stationary or equidistant.
Less intensive collection for individuals, thus, less
concessions (e.g. no food intake 2 h before saliva
sample)

Statistical techniques E.g. Vector autoregressive models, unified
structural equation models, dynamic models

E.g. Regression models, multilevel models,
structural equation models

implying that the effect of physiological alterations on symptom
fluctuations, and the effect of fluctuations in symptoms on phys-
iology can be modeled simultaneously. Therefore, idiographic
research is ideally suited for the field of psychoneuroendocrinol-
ogy, in which it is often unclear whether physiological alterations
precede or follow the fluctuation in symptoms in patients.

2. Differences between idiographic research and
nomothetic approaches

The main difference between an idiographic and a nomothetic
approach is that idiographic research aims to answer questions at
an individual level (e.g. ‘Does an increase in cortisol level predict
deterioration of mood in this participant?’), whereas nomothetic
research aims to answer questions at a group level (e.g. ‘Do partic-
ipants with low mood have higher cortisol levels?’). The statistical
power of idiographic analysis is determined by the number of
observations obtained for each individual, whereas the power in
nomothetic research is determined by both the number of partic-
ipants as the number of observations for each individual. While
nomothetic research is possible with one observation for each
individual, idiographic research requires as many observations as
possible, as outlined in the next section (‘Assumptions for perform-
ing idiographic analyses’). Further, it is good to note that some
potential confounders in nomothetic research do not apply to idio-
graphic research. Factors that are stable within persons during
the measurement period (such as age and sex) do not need to be
taken into account in idiographic research, since analyses are per-
formed within individuals. Differences between nomothetic and
idiographic research with regard to research questions, analytical
differences, and practical issues are summarized in Table 1.

A discussion of the plethora of statistical techniques for nomo-
thetic and idiographic research is beyond the scope of the current
paper. We  will only briefly address the differences between the
idiographic and nomothetic approach. With nomothetic tech-
niques, such as structural equation modeling, longitudinal data
are processed at the group level to examine (bidirectional) rela-
tionships between variables. Nested subgroup analysis can be
performed by applying different models on subgroups of patients,
but analyses are, in contrast to idiographic research, not performed
at the individual level. Multilevel structural equation models allow
differentiating between within-subject and between-subject vari-
ances. Although the within-subject variance allows the level and
strength of the association (i.e. the random intercept and the slope)
to differ between individuals, individual estimates are generated
posthoc, relative to group estimates, and no significance tests are
provided for the individual estimates (Rovine and Lo, 2012). More-

over, assumptions are only tested at the group level and not at
the individual level. Therefore, even multilevel structural equation
modeling cannot define whether changes in neuroendocrinologi-
cal factors predict symptom increases or vice versa for individual
participants, which is possible with idiographic analyses, such as
time-series analysis.

For further reading, we  refer to standard introductory texts on
time-series analyses (Chatfield, 2013; Durbin and Koopman, 2012),
structural equation modeling (Bentler, 1980) and multilevel mod-
eling (Hruschka et al., 2005), and to papers on techniques such
as vector autoregressive modeling (Rosmalen et al., 2012), unified
structural equation modelling (Gates et al., 2010; Kim et al., 2007),
and convergent cross mapping (Sugihara et al., 2012).

3. Assumptions for performing idiographic analyses

Certain assumptions have to be met  when performing time-
series analyses. Most importantly, sufficient data points need to
be available for each individual, since in time series analyses the
number of observations gathered for each participant determines
the statistical power to reveal an association. However, it is difficult
to determine how many data points are exactly needed for time-
series analyses. This is because the direction of the associations and
the timing of lagged influences in the system under investigation
are usually unknown and bidirectional and feedback effects can
be present as well. For example, a decrease in cortisol level might
lead to an increase in pain, while at the same time an increase in
pain might lead to an increase in cortisol level. These influences can
be modeled simultaneously in time-series models. Further, esti-
mation of more parameters or non-linear associations decreases
power and increases the number of data points needed (Brandt
and Williams, 2006). Time-series analyses described in the context
of the current how-to-paper are based on vector autoregressive
models. These are linear models that can relate fluctuations in
symptoms, such as depression, fatigue, and pain, to preceding or
subsequent fluctuations in stress biomarkers. The required num-
ber of observations to yield enough statistical power depends, like
in nomothetic research, on measurement error and the strength of
the relationship between the studied variables. However, in con-
trast to nomothetic research, the measurement error and strength
of association ‘within’ and not ‘between’ participants is impor-
tant, and therefore the number of observations needed might differ
between individuals. Simulation studies have shown that linear
vector autoregressive models provide valid results with 30 time
points, although larger numbers of observations yield more reli-
able results (Lütkepohl, 2007). Especially for stress biomarkers,
which are normally influenced by many factors, larger numbers
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