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ABSTRACT

Background: The reliable assessment of cortisol is a necessary requirement to produce replicable research. Several
recommendations to increase cortisol assessment reliability exist. However, cortisol assessment methodology is
still rather heterogeneous. For this reason, the Cortisol Assessment List (CoAL) was created.

The CoAL can be used to guide researchers during the planning phase and document which measures were taken
to increase cortisol data reliability in original studies. Moreover, the CoAL can be used to evaluate data quality in
meta research. The items representing strategies to obtain reliable cortisol data can be weighted to indicate
which are absolutely necessary to consider and which could be applied less restrictively in order to balance data
quality and feasibility. In this paper, the construction process of the CoAL is described.

Methods: Item synthesis of the CoAL included a literature search to extract empirically based suggestions
regarding the reliable assessment of cortisol. Estimates for the item weighting system were obtained by inviting
experts in the field to participate in an online survey (n = 25). Inter-rater reliability (IRR) of the CoAL, was
determined by letting independent raters use the CoAL to evaluate a set of randomly selected original studies (k
= 90).

Results: The CoAL was divided into four subscales related to the reporting of sampling procedures, the consideration
of state covariates, trait covariates and exclusion criteria. Survey results indicated high agreement among experts for
most items (89%) with approximately half of the items in the CoAL being classified as necessary (Cortisol
Awakening Response (CAR): 52%; basal cortisol: 52%; reactive cortisol: 44%) in order to obtain reliable cortisol
data. Inter-rater agreement was very high (Cohen’s Kappa = .98 - 0.99), indicating sufficient psychometric
quality of the CoAL.

Discussion: The CoAL is the first tool to systematically plan, document and evaluate cortisol assessment. The
survey results indicate that the majority of respondents are aware of essential requirements to increase data
reliability. However, results were heterogeneous for some items, highlighting the need to start a process of
developing a broad scientific consensus regarding reliable cortisol assessment. The implementation of the CoAL
could be a first step in this direction. In conclusion, the CoAL reflects empirical evidence and expert knowledge
regarding cortisol assessment and can be used as a flexible tool to plan and document empirical studies or
evaluate cortisol data quality in meta research.

1. Introduction

can benefit from this, because cortisol data may explain variance in test
performance and provide a deeper understanding of physiological

Psychoneuroendocrinology opens the opportunity to complement
behavioral or questionnaire data. Information on the (re)activity of the
hypothalamic-pituitary-adrenal axis (HPA axis) by cortisol assessment
can be of great value as it adds an objective biological dimension to
psychological or health research. On the one hand, experimental studies

mechanisms involved in stress processing. On the other hand, the rela-
tive ease with which these measures can be incorporated into ecologi-
cally valid study designs allows researchers to capture HPA axis
functioning in naturalistic settings outside of the laboratory.

These advantages come with the responsibility to assess cortisol
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correctly to maximize the reliability’ of the data and report measure-
ment protocols transparently, increasing replicability.” To this end, a
variety of confounding influences have been identified and guidelines
related to measurement protocols have been established [1-6]. Still,
assessment protocols and the respective reporting standards vary
significantly between studies and meta research (i.e. research summa-
rizing the existing literature, including meta-analyses, systematic re-
views or expert consensus guidelines) aiming to summarize results often
faces the obstacle of high heterogeneity (e.g. Refs. [7,8]). A recent re-
view on the assessment of the Trier Social Stress Test (TSST) has also
identified assessment heterogeneity and insufficient transparency in
reporting practices as a cause for concern regarding replication efforts
even in this highly standardized stress task [9]. Hence, looking at
cortisol studies of a certain time frame (e.g., the last 20 years), one can
be sure to find a methodological conglomerate that can make it hard to
compare results. Some of the cortisol data will certainly have been
collected and analyzed according to the proposed guidelines, while
other data collection regiments will be outdated or at least not according
to current best practice. Of course, this issue can be circumvented by
strict exclusion criteria during study selection. However, even
high-quality cortisol assessment studies often differ in minor ways that
nevertheless could affect the results significantly. Hence, finding a way
to systematically account for these differences seems reasonable and
worth pursuing.

Next to the difficulties in meta research, the degree of heterogeneity
in study designs also complicates the planning phase of studies assessing
cortisol. Many researchers studying cortisol (re)activity comply with the
majority of recommended procedures to ensure data (e.g. Refs. [10,11]).
However, practical constraints may impede them from following all
suggestions made in the guidelines or accounting for all confounding
influences. The extent to which studies follow or deviate from these
recommendations has not been investigated systematically, yet. Never-
theless, it seems like some recommendations have become standard
procedure, while others remain exceptions. For example, in psycholog-
ical intervention studies, the collection of the cortisol awakening
response (CAR) over at least two consecutive days [12], appears to be
implemented in the majority of studies, since the publication of the CAR
guidelines by Stalder and colleagues (2016; see Ref. [7] for an over-
view). Conversely, the recommendation to electronically monitor
adherence to sampling times in naturalistic environments [5,13] ap-
pears to be implemented less frequently in these studies. The exact
reasons for this apparent difference in adherence to two recommenda-
tions given in the same set of guidelines are hard to determine. It might
be due to somewhat conflicting findings regarding the influence of
noncompliance with correct sampling times on cortisol levels, with some
studies suggesting a clear influence of noncompliance on diurnal cortisol
profiles (e.g. Refs. [14,15]), while others do not [16]. Another reason
could be financial constraints, since electronic monitoring devices
constitute a further burden on the often rather restricted study budget.
This clearly shows the need to transparently report, which recommen-
dations with regard to sampling procedures are being followed and to
investigate their relative importance in the field as indicated by the

! Reliability is defined as “the trustworthiness or consistency of a measure,
that is, the degree to which a test or other measurement instrument is free of
random error, yielding the same results across multiple applications to the same
sample” [54]. In the context of cortisol assessment, reliability refers to the
consistency of cortisol results over time or across participants and the mini-
mization of differences in cortisol concentrations attributable to measurement
error. This entails reducing both random and systematic error, for instance by
considering potentially confounding influences.

2 Replication is defined as “the repetition of an original experiment or
research study to verify or bolster confidence in its results [55]. Regarding
cortisol assessment, replicability refers to the ability to repeat original studies
using the same data collection methodology but different samples with the aim
of checking the consistency of the reported results.
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frequencies of their implementation.

Apart from decisions regarding sampling procedures, controlling for
all of the potentially confounding influences may prove difficult in
cortisol assessment. This issue is certainly not unique to psychoneur-
oendocrinology, but a general problem of psychological research
[17-19]. However, it seems to be especially relevant in this line of
research, since cortisol assessment in urine, blood and saliva not only
has to account for general demographic differences like age, sex or body
mass index (BMI), but also influences on the day of sampling like food,
drink and caffeine intake or smoking [6]. Employing very strict sam-
pling protocols (i.e., not eating, drinking, smoking or sleeping 60 min
prior to sample collection) in order to account for the latter group of
confounders can be problematic for various reasons. Firstly, complying
with very restrictive sampling protocols may deter individuals from
participating in studies or lead to high participant burden, increasing the
probability of selection bias and/or drop-out (for a discussion, see Refs.
[1,6,20]). Secondly, individuals’ routines may be changed by the re-
strictions to such an extent that the assessment days do not reflect
typical days in their lives anymore, which might introduce noise to the
data and limit external validity, even though this has to our knowledge
not been systematically investigated. Hence, finding the right balance
between controlling for a sufficient number of influences to ensure good
data quality and ensuring adherence to sampling protocols can be quite
challenging, especially when dealing with vulnerable populations like
individuals suffering from somatic or mental illnesses [8,21-23].

As a result of the issues raised above, many researchers studying
cortisol have developed their own “in-house” data collection guidelines
and there is at this point “... no gold standard for a sampling protocol ...”
as stated in a recently published paper on this issue ([24]; p. 3). The
individual assessment guidelines used are often based on empirical ev-
idence, overlap in many areas and it has been shown, that the intra-class
correlation between laboratories analyzing cortisol is very high [25].
Nevertheless, different laboratories and researchers hardly ever use the
exact same assessment protocols, complicating the comparison of re-
sults. Furthermore, the degree of detail to which researchers report these
protocols in their publications varies significantly, exacerbating the
replication problems [26,27].

1.1. Study rationale

To conquer this problem in meta research on cortisol, we had
developed a tool (from here on referred to as the Quality Estimation
Checklist) to gather information on the consideration of confounders
within cortisol assessment and used it in two meta-analyses and a sys-
tematic review [7,8,28].

The aim of the current project was to ensure that the Quality Esti-
mation Checklist meets the minimum requirements of psychometric
quality control by establishing the inter-rater-reliability (IRR) across a
broad variety of study designs. In connection to this, we reevaluated the
existing tool and extended it where needed by adding more detailed
items. Moreover, we sought to expand the use of the tool from a retro-
spective perspective (evaluation of existing literature) to a prospective
one (planning future studies). This way, researchers will have the op-
portunity to record all decisions regarding data collection and the
consideration of potential confounders in a more systematic way,
facilitating the establishment of reporting standards. We decided to
focus on acute rather than chronic cortisol level research, which is why
we limited the CoAL to cortisol assessment in saliva, blood and urine,
and did not include chronic cortisol level assessment methods like hair
or fingernail analysis. The end product of this update and extension is
the Cortisol Assessment List (CoAL), presented in the current paper.

Our goals for the CoAL can be summarized as follows: First, the CoAL
should be both specific and general enough to allow for adaptation to the
needs of the users. Second, the CoAL should allow for a dynamic ranking
of the items, according to their relative importance in cortisol data
collection. Third, the CoAL should meet psychometric standards. In
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practice, these goals can be translated to the following steps:

1) Adapt and extend the items of the Quality Estimation Checklist to
create the CoAL

2) Develop a flexible ranking system with regard to the relative
importance of the items included in the CoAL

3) Establish the IRR of the CoAL

Steps one and two were realized by conducting a review of the
existing literature and conducting an online survey among experts in the
field of cortisol assessment. Step three was realized by comparing inter-
rater agreement for a set of randomly selected studies assessing cortisol
using the CoAL.

2. Methods

In the absence of a broad scientific consensus that addresses the is-
sues raised above, we think that the establishment of a definite checklist
with a set ranking system might be premature. We therefore decided to
take a first step in creating a comprehensive list of items one could
consider for quality ratings or study planning. With such a dynamic list,
users still must decide a priori which items are particularly relevant for
their specific research endeavors.

2.1. Prerequisites

The CoAL, would have to meet certain general criteria, which we
tried to incorporate in the updated design. First, the updated list of items
regarding cortisol assessment should be extensive enough to include all
the factors that have been shown to influence cortisol levels. However,
setting the consideration of all of these factors as the standard for reli-
able data seems both unrealistic and unnecessary. High quality cortisol
data can be obtained by following the majority of recommendations but
the decision as to which of them are especially relevant to an individual
study may vary according to the respective research question, study
design or population of interest.

A second issue related to the selection of items for the list pertains to
the lack of a broad scientific consensus regarding which factors are most
important to ensure the assessment of reliable cortisol data and which
ones could be neglected in favor of a balance between internal and
external validity. A list of items that does not differentiate between these
“essentials” as opposed to the “nice to haves” may not only be unin-
formative, it may produce biased estimates of data quality. For example,
a study could only consider elements that are easy to implement but are
regarded as less essential to maintain high data quality. Vice versa, a
study may consider a relatively small number of factors but still obtain
reliable data, because they are regarded as essential. A list that statically
gives sum scores of the number of items considered in order to determine
study quality would not be able to capture this important difference. We
tried to tackle these issues by creating a comprehensive and flexibly
adaptable list of items for the CoAL.

2.2. Item selection

In line with our goal to reevaluate and extend the Quality Estimation
Checklist [28], the existing empirical evidence was reviewed in order to
include as many potentially confounding influences as possible. The
Quality Estimation Checklist was developed by searching the literature
for recommendations on the reporting of sampling procedures and the
consideration of relevant confounding influences. It enabled users to
evaluate studies measuring cortisol in urine, blood and saliva. Further-
more, it accounted for two different types of study designs: Cortisol
assessment could be evaluated in either basal cortisol secretion designs,
including CAR and diurnal profile studies, or reactive designs, including
psychological, pharmacological or physiological challenge studies. The
composition of items in the checklist varied according to these two
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parameters (specimen and study design). The structure of the original
checklist is illustrated in Fig. 1 A. Quality estimates were obtained on
four subscales evaluating the reported sampling design decisions, the re-
ported strategies enhancing the accuracy of sampling, the consideration of
variables on the particular day of sampling (state covariates [5]; as cited
in Ref. [28]) and sociodemographic information (trait covariates; [5] as
cited in Ref. [28]). In a first step, the individual items of the original
checklist were reevaluated. To this end, a second search of the literature
was conducted.

We searched the literature for meta research, summarizing the
methodological issues that should be considered in order to increase
cortisol data quality. Moreover, we rescreened the literature used to
create the Quality Estimation Checklist. During this preliminary phase,
our intention for the item list was to be as comprehensive as possible.
Hence, factors were included as items of the CoAL if the literature sug-
gested an influence in either basal, reactive or CAR designs for urine,
blood or saliva sampling. Following extraction, the updated item list was
compared to the Quality Estimation Checklist and duplicates were
removed before restructuring.

Fig. 1B illustrates the structure of the CoAL. Comparing Fig. 1A and
B, one can examine the changes made to the structure of the list. For the
CoAL, the general structure of the Quality Estimation Checklist was
maintained regarding the specimen of interest, the type of study design
and the allocation of the items into various subscales. However, the
study design section was further divided to include CAR studies as a
separate category, next to basal and reactive cortisol secretion studies.
This was done because there was a considerable number of items within
the basal cortisol secretion category that pertained to either only studies
assessing diurnal cortisol profiles or the CAR. This decrease in overlap
prompted us to create separate lists of items in order to maintain a
satisfying user experience and avoid confusion.

Another structural change of the CoAL as compared to the Quality
Estimation Checklist was the combination of the items in the first two
subscales (reported sampling designs, reported strategies enhancing the ac-
curacy of sampling) into one subscale called reporting of sampling pro-
cedures. Lastly, a subscale pertaining to exclusion criteria was added.
This resulted in a total of seven possible CoAL compositions, three for
cortisol assessment in either blood or saliva (basal cortisol secretion,
CAR, reactive cortisol secretion) and one list for cortisol assessment in
urine (basal cortisol secretion). The complete lists can be found under
https://osf.io/kx3tq/files/.

2.3. Online survey among experts

In line with our goal to provide the users with a preliminary ranking
system regarding the relative importance of a certain factor in order to
obtain reliable cortisol data, we decided to base this system on the
opinions of experts in the field as a first step until a comprehensive
expert consensus is established. To this end, we conducted a survey
among researchers in the field of psychoneuroendocrinology, asking
them to evaluate whether a certain item on the list was in their opinion
necessary, desirable or not necessary to ensure high cortisol data quality.
Moreover, we asked the respondents to comment on the completeness of
the list and make suggestions for items they thought should be included
as well.

The survey was advertised during the 2020 virtual annual conference
of the International Society for Psychoneuroendocrinology (ISPNE). The
rationale behind using a survey approach was to increase retention and
get a more systematic overview on the experts’ opinions. The ISPNE is
the oldest society on psychoneuroendocrinology (PNE) research [29]
and its annual conference visitors are mostly experts in the field of
psychoneuroendocrinology with years of experience in this line of
research. All visitors were invited to take part in the survey. Following
the introduction at the conference, additional e-mails with an invitation
to participate were sent out to a total of 24 of well-known research
groups in the field. Members of these groups were also invited to
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Checklist for the Consideration of Confounders in Hormone Assessment

A
Specimen Saliva Blood Urine
Assessm. Basal Reactivity Basal Reactivity Basal
Sub I 1.  Reported sampling design 1. Reported sampling design 1. Reported sampling design
ubscale 2. Strategies enhancing accuracy of sampling 2. Strategies enhancing accuracy of sampling 2. Strategies enhancing accuracy of sampling
3.  State covariates 3. State covariates 3.  State covariates
4.  Trait covariates 4.  Trait covariates 4.  Trait covariates
Cortisol Assessment List (CoAL)
B
Specimen Saliva Blood Urine
Assessm. Basal CAR  Reactivity Basal CAR  Reactivity Basal
Subscale Reporting of sampling procedures Reporting of sampling procedures Reporting of sampling procedures

1

2. State covariates
3.  Trait covariates
4.  Exclusion criteria

PONPE

State covariates
Trait covariates
Exclusion criteria

1

2. State covariates
3. Trait covariates
4.  Exclusion criteria

Fig. 1. Changes between the Quality Estimation Checklist and the Cortisol Assessment List (CoAL). A: Structure of the Quality Estimation Checklist. B: Structure

of CoAL.

participate in the survey. Data collection took place between September
and November 2020.

The online survey was set up using the online survey tool Unipark
(Questback GmbH, published 2017. EFS Survey, Version Summer 2017.
Koln: Questback GmbH). After giving informed consent regarding the
goal of data collection, data handling and privacy policy, participants
were asked to indicate in which type of study design they had experience
(CAR, basal and reactive cortisol secretion designs). Multiple answers
were possible.

The survey included four parts with each part representing the items
of the four subscales of the CoAL (s.Fig. 1 B) for either CAR, basal or
reactive cortisol secretion studies. The questions in each part repre-
sented the items to be potentially included in the respective list. Par-
ticipants were asked to indicate whether they considered an item as
necessary, desirable, or not necessary in order to obtain reliable cortisol
data. Moreover, participants were able to enter free text under each
question. At the end of each part, participants were given the opportu-
nity to comment on items they missed in the list or make other sug-
gestions. At the end of the survey, participants were asked to provide
some basic information regarding their academic position, years in the
field of psychoneuroendocrinology and the number of published papers.

2.3.1. Survey analysis

Summary statistics were created as the total number of respondents
for each of the three answer categories (necessary, desirable, not neces-
sary). Moreover, the free text sections of each item and the comment
sections at the end of each page were screened for suggestions that may
be of value to the further development of the list.

In order to investigate whether answers differed by level of expertise,
we divided the participants according to the number of papers they had

published in the field of psychoneuroendocrinology. Participants with
zero to ten publications were defined as junior researchers, participants
with more than 10 publications were defined as senior researchers.

Regarding the preliminary classification of items as either necessary,
desirable or not necessary and the suggested addition of new items, a set
of rules was defined: Generally, classification decisions were based on
the simple majority of votes by senior researchers. For items with an
unclear voting result, like two answers receiving the same or close to the
same (one vote difference) number of senior votes, the decision was
based on the overall majority vote. If this did not resolve the issue and
the vote was still inconclusive (i.e., the overall majority vote was con-
trary to the senior majority vote), items were classified as desirable. This
was also done for cases in which the majority of the senior vote did not
overlap with the overall majority vote. We decided to refrain from
putting such items into either the necessary or not necessary categories,
because the intention of the survey was to find the lowest common de-
nominator within the research community, regarding factors that are
considered minimal requirements for the reliable assessment of cortisol.
Classifying an item with an unclear vote as necessary would, in our
opinion, not reflect a clear decision towards this goal. Conversely, the
potential exclusion of an item from the list without the support of a clear
majority of experts seems premature, in absence of a broad scientific
consensus.

Regarding suggestions by respondents to add items to the list, the
empirical evidence for each suggestion was evaluated for confirmation.
In case of inclusion, these items were also put into the desirable category
as no survey data was available. All commentary including suggestions
are available in appendix B.

Following item extraction and integration of the survey data into the
CoAL, a user manual, a rating file and an analysis script were created,
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which will be described shortly in the following.
2.4. The user manual

The two versions of the user manual provide instructions on how to
use the CoAL to either document cortisol assessment in original studies
or rate study quality in meta research. The respective user manual
contains some general information on the CoAL’s intended use and
rating decisions which have to be made by the users, followed by a
section giving definitions for CAR, active diurnal, and reactive cortisol
secretion studies. In the third section of the user manuals, the usage of
the CoAL (documentation and quality rating purposes), the rating file
and the analysis script (quality rating purposes) are explained in detail.
Lastly, the manuals contain a table with explanations on item-level. The
user manuals can be found under https://osf.io/kx3tq/files/.

2.5. The rating file

The rating process for the CoAL is identical to the Quality Estimate
Checklist. To be more specific, the consideration of a particular potential
confounder is indicated by rating the respective item of the CoAL as
either considered (rate 1), not considered (rate 0), or not applicable (rate
NA). Regarding the definition of the ratings, the users are free to choose,
whether they want to pursue a strict approach, rating an item only as
considered, if it was included in the analyses or controlled for in the study
design (only recruiting non-smokers), or a more liberal approach, rating
items as considered as long as they are assessed during data collection.

The rating file consists of a Microsoft Excel (2021) sheet intended to
assist researchers who use the CoAL for quality rating purposes in meta
research. It contains one worksheet for each subscale. The items of the
CoAL are represented in the columns of the file and studies are rated in
the rows. Users can document their rating decisions by entering either
the number 1 (considered), 0 (not considered) or the string NA (not
applicable) in the respective cells. Before starting the rating process,
users can determine their individual preference regarding which items
to include into the list by entering the word necessary, desirable or exclude
in the row of the file called category. The default setting of this row re-
flects the majority vote of the online-survey conducted among experts in
the field. The rating file can be downloaded under https://osf.io/kx3tq/
files/.

2.6. The analysis script

The analysis script is an R-file (RStudio Team (2020). RStudio: In-
tegrated Development Environment for R. RStudio, PBC, Boston, MA
URL http://www.rstudio.com/) intended to provide users with the
possibility to compute and visualize the percentage of the considered
items in the rating file. It takes the rating file as input and calculates
percentages for considered items (i.e., those rated with “1”) per sub-
scale. Furthermore, an overall score is produced representing the per-
centage of considered items over all subscales. Results can be visualized
as a color-coded tile plot. The analysis script can be downloaded under
https://osf.io/kx3tq/files/.

2.7. Psychometric quality determination

In line with our goal to determine the psychometric quality of the
CoAL, the inter-rater reliability (IRR) of the CoAL was calculated. To this
end, a two-step approach was chosen: In a first step, 75 studies were
randomly selected and rated by three pairs of independent raters (25
studies for each pair). The rating team consisted of three students (on
Master level) with little experience in cortisol assessment and two of the
authors, a doctoral student (SeLa) and a postdoc researcher (SE), who
are experienced in conducting studies investigating cortisol. The three
rating pairs in this step included one of the three inexperienced student
raters and one of the two experienced authors.
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Before rating of the 75 selected studies started, the inexperienced
raters received general information on cortisol assessment procedures,
the different types of study designs and they read the user manual.
Subsequently, the rating strategy was discussed, and all raters were
instructed to rate one example study. Finally, the ratings of the example
studies were discussed between the raters, and last questions resolved.

Of the 75 studies rated in the first step, 25 studies investigated the
CAR, basal and reactive cortisol secretion, respectively. Following this
first rating process, the IRR for the three rating pairs was calculated and
minor adjustments were made to the item selection. These adjustments
were based on feedback by the raters and could either entail changes in
the composition of items, or their description in the user manual.

In the second step, the adjusted and final list of items was evaluated
by rating 15 randomly selected studies with five studies representing
each study design (i.e., CAR, basal and reactive cortisol secretion,
respectively). The rating pair in this step consisted of two of the authors
(SE and SeLa). Ratings were again followed by calculation of the IRR.
The study selection process, rating strategy and calculation of the IRR
were identical in both rating steps and are outlined in the following.

2.7.1. Study selection

In order to receive the database for the random selection of studies to
be rated, a literature search was conducted (performed by SeLa). The
database PubMed was searched for studies assessing the CAR, active
diurnal and reactive cortisol secretion in urine, blood or saliva. Search
terms for all three types of study design were entered separately (Ap-
pendix A provides a detailed description of the search terms). The
literature search was conducted on December 30th’ 2020. Filters for the
type of publication were: Case reports, classical articles, clinical studies,
clinical trials, comparative studies, controlled clinical trials, evaluation
studies, journal articles, multicenter studies, pragmatic clinical trials,
randomized controlled trials. Publication language was English and
publication dates between 1995 and 2020. Publications were then sor-
ted by best match and publication lists were extracted to csv-files.

Using a random number generator (www.random.org), three sets of
25 numbers between one and the respective number of search hits were
created. Studies were selected according to their number in the extrac-
ted publication list. Inclusion criteria for all studies were: 1) original
study, 2) human participants, 3) cortisol assessment matches the search
term (CAR, basal cortisol secretion, reactive cortisol secretion, see Ap-
pendix A for details). Following the preliminary selection of 75 studies,
the abstracts and methods sections of all papers were screened according
to the inclusion criteria. In case one of the selected studies did not match
the inclusion criteria, the publication listed above in the publication list
was selected. Following the sorting, this publication was the next best
match according to the search criteria entered in the online search. In
case of another exclusion, this process was repeated until a study
matching the inclusion criteria was found. If the selected study referred
to another paper for the detailed description of sample collection, this
study was selected as a replacement. A complete list of the studies
selected for rating can be found in appendix A.

2.7.2. Rating strategy

Regarding the rating strategy, we chose a rather liberal approach. An
item was rated as considered, if it was either statistically controlled for
or if the publication reported that it was measured. This approach was
chosen, because the focus at this point was the determination of
agreement between raters, rather than a stricter estimation of cortisol
assessment quality or a quantification of considered factors in cortisol
assessment studies.

2.7.3. Determination of inter-rater reliability

The IRR for the rater pairs across the respective studies were calcu-
lated using R software (RStudio Team (2020). RStudio: Integrated
Development Environment for R. RStudio, PBC, Boston, MA URL http
://www.rstudio.com/). To this end, the ratings of each pair were
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compared for each study. Mismatches were investigated and disagree-
ment between raters was resolved through discussion [30]. In case of a
clear rating error by one of the raters (i.e. the information could (not) be
found back in the paper), rating decisions were corrected. This was also
done, if there was a systematic misunderstanding regarding rating de-
cisions. Following this, the IRR was calculated as Cohen’s Kappa [31].

3. Results
3.1. Online survey

3.1.1. Participants

In total, 27 participants started the survey of whom two did not
complete, leaving a total of 25 completers. Of the 25 respondents who
completed the online survey, 12 were categorized as seniors (>10 pub-
lications), the remaining 13 were categorized as juniors. According to
their specific areas of expertise, 13 respondents (8 seniors, 5 juniors)
completed the CAR section, 12 (8 seniors, 4 juniors) the active (diurnal)
cortisol secretion section and 21 (11 seniors, 10 juniors) the reactive
cortisol secretion section. The academic positions held by the re-
spondents were master’s student (n = 1), PhD candidate (n = 5), postdoc
(n = 10) and professor (n = 8). One respondent stated to be a private
lecturer. The average amount of years of experience in cortisol assess-
ment was 12.48 (9.13) with seniors having significantly more experience
than juniors (seniors: M = 20.25, SD = 6.70; juniors: M = 5.31, SD = 3.07;
t =7.265, p < 0.001).

3.1.2. Survey voting results

The survey results are summarized in Table 1 (a more detailed
version on item-level is provided in appendix B). The ratio of items that
were considered necessary and desirable was quite consistent across all
three study design sections, with slightly more items being considered
necessary by the majority of experts. The only clear deviation from this
was found for state covariates in reactive cortisol secretion designs (6
items necessary, 10 items desirable). Only very few items were deemed
not necessary (k = 2 for CAR; k = 1 for active diurnal cortisol secretion; k
=1 for reactive cortisol secretion). These items included the coupling of
intravenous sampling with polysomnography for CAR studies and the
consideration of birth weight as a trait covariate for all three study
design sections. We decided to remove the item related to the coupling
of intravenous sampling with polysomnography but leave the consid-
eration of birth weight in. This approach was chosen as the literature
suggests that birth weight may have an impact in both active diurnal and
reactive cortisol secretion [32-34]. Moreover, birth weight is a variable

Table 1
Number of items classified as necessary, desirable or not necessary, according to
the majority vote.

CoAL module Number of items

CAR Necessary Desirable Not necessary Total
Reporting of design procedures 6 3 1 10
State covariates 9 7 0 16
Trait covariates 6 5 1 12
Total 21 15 2 40
Basal cortisol secretion

Reporting of design procedures 6 5 0 11
State covariates 7 8 0 15
Trait covariates 6 5 1 12
Total 20 17 1 38
Reactive cortisol secretion

Reporting of design procedures 5 3 0 8
State covariates 6 10 0 16
Trait covariates 6 5 1 12
Total 17 18 1 36
Exclusion criteria 7 0 0 7

Note: The columns on the right show the number of items for each of the experts
in the field of psychoneuroendocrinology.
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widely considered in cortisol research involving infants or smaller
children. This decision is in line with the overall goal to pursue maximal
universality for the CoAL, irrespective of study population or study
design. Nevertheless, we labeled birth weight as not necessary in the
default setting of the respective rating files.

Conversely, the literature regarding coupling of intravenous cortisol
sampling to polysomnography is sparse and there is no clear evidence
suggesting a superior benefit of coupling blood collection to poly-
somnographic activity. The study mentioned in the CAR guidelines by
Stalder and colleagues (2016), timed forced awakening to automatic
sample collection ([35] as cited in Ref. [5]). However, we could not find
any studies on a direct comparison between this methodology and other
collection methods to capture the CAR. Hence, the item was removed
from the list.

There were a few items for which the vote was indecisive or there
was a discrepancy between the majority vote of seniors compared to the
overall majority vote. As mentioned before, these items were classified
as desirable. Table 2 gives an overview of the items in question and the
respective distribution of votes.

3.1.3. Free text entries

Lastly, the free text fields were screened regarding suggestions for
items to be added to the lists. This led to the addition of three items,
which were classified as desirable due to the absence of a vote. The first
item suggested to be added was acute alcohol consumption on the day of
sampling (a state covariate, as opposed to habitual alcohol consumption,
which we classified as a trait covariate). Subsequently, the evidence and
suggestions of earlier publications were screened again. Strahler et al.
[6] suggest controlling for both acute and habitual alcohol consumption,
even though it is stated that the empirical evidence on the influence of
acute alcohol consumption on cortisol is somewhat inconclusive. How-
ever, it was decided to follow this suggestion, which is in line with our
main goal of creating a comprehensive list.

The second item added upon suggestion was recreational drug use.
This item was added to the subscale for exclusion criteria. The effects of
recreational drug use on the HPA axis are well documented for a variety
of drugs such as marihuana [36-39], opioids [40,41], or cocaine [42,
43]. The empirical evidence strongly suggests considering this during
the sample selection process.

The third item added upon analysis of the survey data was mental
disorders. In light of the evidence regarding disorders like depression,
anxiety disorders or PTSD [8,44-46], this item was also added to the
exclusion criteria list.

A last item suggested for addition to the list was athlete status of the
sample. It was decided to not add this item to the list at this point. There
is one study finding an effect of athlete status on hair cortisol concen-
trations [47], but the evidence regarding cortisol levels in blood, saliva
or urine rather points towards a negligible influence [6,48].

3.2. Study ratings

Further adjustments to the CoAL were implemented after the first
round of study ratings. The items accounting for time of day of sampling
and relating sampling to clock/wake up time were merged into the item
fixed sampling time points either related to clock times or wake up time.
Moreover, the items accounting for the menstrual cycle phase and ac-
counting for menopause were merged into accounting for menstrual cycle
phase or menopause. The item use of a diary log reporting exact sampling
and wake up time was split up into use of a diary log reporting exact
sampling times and use of a diary log reporting exact wake up time. The
items reminding participants the night before sampling, sampling time points
reported in paper, and experiences on the day prior to sampling were
deleted. Lastly, the wording of four items was changed. A detailed
overview of all these changes can be found in appendix C.

These changes resulted in the final sets of items, comprising the
CoAL. There are seven combinations of items according to the type of
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Table 2
Survey items with an indecisive voting result.
Section Text Vote
Subcategory Necessary  Desirable
CAR Objectively monitoring sampling Total: 6 Total: 7
Reported design time (time-stamped containers etc.)  Sr.: 5 Sr.: 3
procedures
Jr.: 1 Jr.: 4
CAR Menopause Total: 5 Total: 7
Trait covariates Sr.: 4 Sr.:3
Jr.: 1 Jr.: 4
CAR Ethnicity Total: 4 Total: 6
Trait covariates Sr.: 4 Sr.: 2
Jr.: 0 Jr.: 4
CAR Perceived chronic stress Total: 4 Total: 8
Trait covariates Sr.: 4 Sr.: 3
Jr.: 0 Jr.:5
Basal cortisol Brushing teeth Total: 5 Total: 6
secretion
State covariates Sr.: 4 Sr.:3
Jr.: 1 Jr.: 3
Basal cortisol Menopause Total: 5 Total: 6
secretion
Trait covariates Sr.: 4 Sr.: 3
Jr.: 1 Jr.: 3
Reactive cortisol  Precise description of potential Total: 8 Total: 11
secretion habituation effects
Reported design Sr.: 6 Sr.: 4
procedures
Jr.: 2 Jr.:7
Reactive cortisol ~ Time of awakening Total: 10 Total: 8
secretion
State covariates Sr.: 2 Sr.: 6
Jr.: 8 Jr.: 2
Reactive cortisol ~ Day of sampling (weekday vs. Total: 9 Total: 8
secretion weekend)
State covariates Sr.:3 Sr.: 6
Jr.: 6 Jr.: 2
Reactive cortisol ~ Habitual alcohol intake (drinks per ~ Total: 11 Total: 9
secretion week)
Trait covariates Sr.: 4 Sr.: 6
Jr.:7 Jr.: 3
Reactive cortisol  Season of the year Total: 9 Total: 5
secretion
State covariates Sr.: 3 Sr.: 4
Jr.: 6 Jr.: 1
Reactive cortisol  Anticipation of the day load Total: 12 Total: 8
secretion
State covariates Sr.: 4 Sr.:7
Jr.: 8 Jr: 1
Reactive cortisol  Childhood adversity Total: 12 Total: 7
secretion
Trait covariates Sr.:3 Sr.: 6
Jr.: 9 Jr: 1

Note: Sr. = Senior researchers with more than ten publications in the field of
psychoneuroendocrinology. Jr. = Junior researchers with less than ten publi-
cations in the field of psychoneuroendocrinology.

cortisol assessment (CAR, active diurnal or reactive cortisol assessment)
and the specimen collected (blood, saliva, or urine). Accordingly, the
number of items varies between 29 (Active diurnal cortisol assessment
in urine) and 48 (Active diurnal cortisol assessment in saliva). The
complete lists, rating files and analysis scripts are available for down-
load under https://osf.io/kx3tq/files/.

3.3. Inter-rater reliability

The IRR for the first round of ratings expressed as Cohen’s Kappa was
k = .94 for studies assessing the CAR, k = .97 for studies assessing active
diurnal cortisol secretion and k = .96 for studies assessing reactive
cortisol secretion, indicating very high agreement. For the second round,
the IRR was k = .98 (CAR); k = .99 (active diurnal); k = .99 (reactive)
respectively, which is in line with the first round.
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3.4. Example ratings

Again, it should be noted that the primary goal of the current rating
approach was not to determine study quality but rather the agreement
between different raters. Hence, the results of the quality ratings are not
discussed in detail. However, in order to illustrate how the CoAL ratings
can be analyzed and presented (in systematic reviews), we created a tile
plot showing the percentages of items rated as considered for the five
studies rated in the second rating round (Fig. 2A). This tile plot was
created using the r-software analysis script which is also available for
download (https://osf.io/kx3tq/files/; RStudio Team (2020). RStudio:
Integrated Development Environment for R. RStudio, PBC, Boston, MA
URL http://www.rstudio.com). The percentages of considered items are
displayed per subscale and in an overall score. Note that this tile plot
used all the items in the CoAL as input irrespective of the voting results
obtained from the online survey among experts. To illustrate the impact
of different item weighting approaches, which can be specified indi-
vidually, according to each researcher’s preferences, we created a sec-
ond tile plot, including only the items that were rated as necessary by the
majority of experts in the online survey (Fig. 2B). As can be seen, there is
a clear change in the percentages for all subscales, indicating that most
of the items rated as considered for the five studies seem to have been
items that the majority of experts regarded as necessary to obtain reli-
able cortisol data.

4. Discussion

The CoAL is to our knowledge the first comprehensive list of factors
that, if considered, increase the reliable assessment of cortisol in saliva,
blood or urine. The CoAL is an easily accessible, transparent and stan-
dardized tool to document cortisol assessment in original studies.
Furthermore, the CoAL was developed as a tool to systematically eval-
uate cortisol assessment in meta research. Lastly, the CoAL meets psy-
chometric standards and strikes a balance between theory and practice
regarding the importance of the respective items in order to obtain
reliable cortisol data which is supported by the majority of the scientific
community. In accordance with the Open Science Principles, all the
materials (i.e. the CoAL, the rating file and the analysis script) are freely
available online, helping to improve transparency in cortisol assessment.

The results of the survey among experts in the field helped signifi-
cantly in approaching this balance. The classification of items on the
CoAL as necessary, desirable, or not necessary was quite consistent across
all 25 respondents. Our results are a valid representation of the current
opinion in the field, regarding what constitutes the lowest common
denominator in enabling reliable cortisol assessment. This claim is
supported by the high degree of expertise in our sample with 19 of 25
respondents holding postdoc or professorial positions, and an average
work experience of 12 years in the field of psychoneuroendocrinology.
Moreover, it should be noted that all of the items added to the CoAL are
based on empirical evidence showing an influence on cortisol levels.
Therefore, it might be assumed that the majority of the respondents has
had to decide whether or not to consider these factors at some point
during data collection for their empirical research. One could thus infer
that most of the respondents were aware of the empirical evidence for or
against the necessity of a certain item in order to obtain reliable cortisol
data. This can also be observed by the relatively few not sure responses
and the extensive written comments indicating either support or oppo-
sition to the respective items. The few items regarded as not necessary by
the majority of our sample also indicate high awareness of the potential
influences of all factors included in the CoAL.

Regarding the determination of psychometrics for the CoAL, the high
interrater reliability (IRR) shown for a broad variety of randomly
selected studies suggests that it fulfills the psychometric requirements
possible for a tool of this kind. Furthermore, inter-rater agreement was
high for both, raters with high and low levels of experience in cortisol
assessment, showing that the CoAL is well suited to be used by
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Fig. 2. Example of rating results for the five randomly selected studies assessing the CAR. Numbers in the tile-plot represent the percentage of items rated as
considered. A: Even weighting over all items included in the CoAL. B: Weighting according to the majority vote of the online survey, including only items that were

considered necessary by the majority of respondents.

researchers with varying degrees of expertise.

In summary, both the online survey and the study rating results show
that the CoAL is a versatile, comprehensive and well-balanced tool to
evaluate and document a wide variety of cortisol assessment designs in
saliva, blood or urine.

4.1. Practical implications for the CoAL

The CoAL enables researchers to make a conscious decision for or
against the consideration of a potential factor of influence during the
planning phase, and before data collection has started. This reduces the
probability of unintentional flaws that are only discovered after the fact.

The accessible documentation of all cortisol assessment decisions in a
standardized list, also increases replicability. In practice, this could
entail including the CoAL in the appendices of original studies, which
provides the opportunity to replicate cortisol collection procedures a lot
more precisely, as some details may not be stated explicitly in publica-
tions due to word count constraints. In our opinion, inter-study
comparability is a key factor in gaining significant insights in any field
of research. Additionally, inconclusive results might be traceable a lot
better as a result of this increase in transparency.

Next to documentation, the CoAL can also be used to evaluate
cortisol assessment quality according to a set of pre-defined standards,
enabling meta research endeavors to systematically document the
consideration of assessment procedures known to influence the reli-
ability of cortisol levels. A practical implication is the transparent
documentation of what constitutes high data quality in advance of meta-
analytical data collection and the weighting of study results. This way, a
compromise between strict inclusion criteria at the cost of study quan-
tity and loose inclusion criteria at the cost of data quality can be ach-
ieved, while maintaining sufficient flexibility for an individual
definition of high-quality cortisol assessment. To be more specific, re-
searchers can adapt the list to their specific needs if their rationale for
choosing a particular set of items is reported. This again increases
transparency and may lead to the disclosure of research gaps for future
endeavors.

Lastly, the CoAL may assist in peer review processes, especially for
reviewers who are not familiar with cortisol assessment conventions and
may wish to have a handy tool to get a rough estimate regarding the
quality of the cortisol data presented in a paper.

However, the practical implications of the CoAL also warrant a clear
illustration regarding issues that are currently unresolved. The absence
of comprehensive cortisol assessment guidelines points out the first
major issue regarding the use of the CoAL: Generalizability across meta
research implementing the CoAL.

While the high adaptability regarding the weight of items used to

determine data quality expands applicability, it certainly limits
between-study comparability. In absence of an expert consensus, we do
not want to preempt the discussion and set fixed criteria for the CoAL.
On the one hand, this enables users to apply potential future cortisol
assessment guidelines to the CoAL, once they are established, and still
use the CoAL in the meanwhile. On the other hand, the CoAL does not
provide a standardized and comparable score at the moment. More
specifically, quality estimates depend on the items selected for the CoAL.
Hence, statements regarding study quality are only applicable to the
item composition used for the respective meta-analysis. This of course
limits the use of the CoAL as an “objective” measure of cortisol assess-
ment quality. Even more so, the configuration of items may even be
misused in order to create weightings that favor a certain meta-
analytical outcome. To prevent misuse, we strongly recommend to
pre-register any specifications made with regard to the CoAL (i.e., item
composition and weightings) and report item configuration trans-
parently. The default configuration of the CoAL, as indicated by the
online survey results, offers a good starting point and deviations from
these settings (i.e., leaving items off the CoAL that are considered
necessary) should be justified. If users adhere to these recommendations,
the CoAL is in our opinion a very useful tool for meta research.

A second unresolved issue of the CoAL in its current form is that it
cannot give an estimate of what constitutes a good study. The number of
factors that are documented during the planning phase (prospective use
of the CoAL) or the scores obtained through the rating process (retro-
spective use of the CoAL) reflect the percentage of items rated as
considered. However, without a fixed set of items, it is in our view pre-
mature to determine which percentage of considered items constitutes a
study for which sufficient cortisol data quality can be assumed. A
precondition for such a determination is the aforementioned agreement
among the scientific community regarding the minimum requirements
to ensure high quality data. Nevertheless, we think the mere percentage
of considered items can provide valuable information and as long as the
criteria are reported transparently, we do not see a problem in letting
researchers decide for themselves, where they want to set cut-offs.

The third issue regarding the practical implementation of the CoAL is
that it does at this point not include cortisol assessment in hair or fin-
gernails. We specifically did not include the assessment of cortisol in
hair or fingernails since cortisol concentrations in these specimens
reflect HPA axis activity over a longer time frame (up to several weeks)
as compared to the other three assessment methods, reflecting short-
term HPA axis activity (usually over several days at most). Hence, the
potentially confounding influences and respective recommendations in
hair cortisol tend to differ significantly from the other assessment
methods, especially regarding the specifics of sample collection (for an
overview see Refs. [49-52]). Research on confounders in fingernail
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cortisol assessment is mainly still being conducted at the moment, and
has to our knowledge been reviewed [53], but not been summarized on a
meta-analytical level, yet. We encourage all interested parties to extend
the CoAL to the documentation and evaluation of hair and fingernail
cortisol.

Lastly, an inherent practical challenge of the CoAL must be
mentioned. Since there is no comparable tool assessing cortisol data
quality or an objective measure against which the CoAL could be
compared, we cannot make any claims regarding the validity of the
CoAL. Hence, it cannot be said with certainty that the CoAL truly serves
as an estimate of cortisol data quality. Furthermore, the CoAL has not
been used for documentation purposes in original studies yet. For this
reason, we are currently only able to make claims regarding its reli-
ability in meta research. However, all the items included in the CoAL are
based on empirical evidence and our survey findings further support the
notion that the CoAL includes all factors that are considered to be the
most important in order to obtain reliable cortisol data. Future research
may of course identify new ways to increase reliability and should
certainly evaluate the CoAL’s construct validity in documenting high
quality cortisol assessment once more data is available. We consider the
CoAL to be a work in progress that can be expanded according to current
state of knowledge. This requires regular updates, which are planned in
the future.

To conclude, the practical implementation in original studies and
meta research is pivotal to future adaptations and updates to the CoAL
and the current version must be understood as a first step on the road to
comprehensive guidelines for cortisol assessment.

4.2. Limitations

In addition to the currently unresolved issues regarding the practical
application of the CoAL, some limitations regarding the study should be
listed. Firstly, the expert sample recruited may only represent a specific
part of the scientific community in PNE research. We advertised the
survey at the annual conference of the ISPNE, which is the oldest and
largest society for PNE research. Nevertheless, the survey may not have
reached researchers with expertise in reliable cortisol assessment if they
either did not attend this conference or were not made aware of the
survey while attending.

We tried to counteract this bias in sample selection by contacting 24
well known laboratories with an invitation to participate in the survey
and encouraged these laboratories to spread the information within
their list of contacts. Our intention was to spread awareness of the sur-
vey and not limit participants to attendees of the conference. Still, we
recognize, that our final sample may be composed of a specific field of
researchers at one of many conferences on cortisol research. This again
highlights the urgent need to establish a body of researchers who
represent all varieties of cortisol research in order to establish compre-
hensive assessment guidelines that extend the already published
guidelines introduced for the CAR [5].

A second limitation related to the sample selection is our method of
creating a proxy estimate of an expert consensus, based on the results of
an online survey. We are aware, that an online survey cannot replace the
process of a true broad scientific consensus, which often involves several
opportunities for discussion and an in-depth study of the empirical ev-
idence by all parties involved. This was obviously not the case here.
Hence, it is important to note that the survey should only be viewed as a
first impression of the opinions of experts in the field. This is especially
important for all items with unclear voting results, which we classified
as desirable as to not jump ahead in any potential discussions to be held
in the future. The adaptable item weighting system of the CoAL enables
the users to take this issue into account, allowing for adaptations where
need be. Nevertheless, this flexibility of the weighting system means that
the current item weights in the CoAL should be revisited and, if neces-
sary, adapted with regard to the users’ specific research questions and
the populations of interest.
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A third limitation of this study is that we did not define ‘reliability’ in
the introductory text of the survey, so there may be some variability to
what researchers considered this term to entail. We assumed all re-
spondents to have a comprehensive understanding of what reliability
means in cortisol research (i.e. the minimization of systematic and
random measurement error in order to enable replicable data) and that
these definitions would greatly overlap. Still, we cannot rule out that
some participants did not have such a comprehensive understanding of
the term, which may have led to some variance.

5. Conclusion and future directions

As mentioned before, the CoAL can serve well as a starting point for
any discussion around cortisol assessment guidelines based on a broad
scientific consensus among cortisol researchers. Furthermore, it could
serve as a ‘mirror’ reflecting current scientific practices, once original
studies include it in their appendices. More specifically, future research
may summarize the consideration frequencies of the CoAL items in
original studies. This could inform consensus talks regarding the ques-
tion what is ideal and what is practical.

In case of adoption as a documentation tool of cortisol assessment in
blood, saliva and urine, it is conceivable to extend the CoAL to hair and
fingernail cortisol assessment or even other hormones. The ultimate goal
should be the establishment of assessment and reporting standards in the
whole field of psychoneuroendocrinology.

In conclusion, the CoAL reflects empirical evidence and expert
knowledge regarding cortisol assessment practices. It meets psycho-
metric standards and can be used as a flexible tool to report empirical
studies or evaluate cortisol data quality in meta research. In line with the
Open Science initiative, it is freely available, and we aim to provide a
valuable tool to the scientific community.
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