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Assessing Agreement Between Salivary Alpha Amylase
Levels Collected by Passive Drool and Eluted Filter
Paper in Adolescents With Cancer
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cancer diagnosis poses many challenges

for adolescents, and the psychological

stress associated with some of these

challenges may have detrimental effects.

Stressors that have been identified by
children and adolescents with cancer include pain-
ful procedures (Hedstrom, Ljungman, & von Essen,
2005; McCaffery, 2006; Woodgate, Degner, & Yanofsky,
2003), frequent and extended hospital stays (McCaf-
fery, 2006), alopecia, difficult symptoms (Hedstrom
et al., 2005; McCaffery, 2006; Woodgate, 2005), and
uncertainty (Stewart, Lynn, & Mishel, 2010; Wood-
gate et al., 2003). The few studies on psychological
stress in children and adolescents with cancer have
noted both short- and long-term effects. In the short-
term, psychological stress has been linked to greater
symptom severity (Docherty, Sandelowski, & Preisser,
2006; McCaffery, 2006) and higher levels of anxiety
(Hedstrom et al., 2005; Hockenberry-Eaton, Dilorio, &
Kemp, 1995). In the long-term, psychological stress in
survivors of cancer in childhood and adolescence has
been associated with post-traumatic stress disorder
(PTSD) (Rourke, Hobbie, Schwartz, & Kazak, 2007;
Schrag, McKeown, Jackson, Cuffe, & Neuberg, 2008).
Psychological stress in adolescents with cancer may
be a targeted area for oncology nurse intervention,
but the prevalence and degree have not been studied
extensively. A biobehavioral approach to investigat-
ing psychosocial functioning, including psychological
stress, is highly recommended for adolescents with
cancer (Moore, 2004). However, validated biologic
measures of pyschological stress are limited. The
purpose of this study was to examine the validity of a
method for collecting one biologic marker of psycho-
logical stress: salivary alpha amylase (sAA). Efficient,

Purpose/Objectives: To assess the validity of filter paper
(FP) against the gold standard of passive drool (PD) for col-
lecting salivary alpha amylase as a surrogate biomarker of
psychological stress in adolescents with cancer.

Design: Part of a longitudinal, descriptive study of symp-
toms in adolescents with cancer during chemotherapy.

Setting: A pediatric hematology/oncology treatment center.

Sample: 33 saliva sample pairs from nine adolescents with
cancer, aged 13-18 years.

Methods: Salivary alpha amylase was collected by PD and
FP at four time points during a cycle of chemotherapy: days
1 (time 1) and 2 (time 2) of chemotherapy, day 7-10 (time
3), and day 1 of the next cycle (time 4). A random effects
regression was used to assess the correlation between PD
and FP values, and a Bland Altman analysis was conducted
to assess agreement between the values.

Main Research Variables: Salivary alpha amylase.

Findings: The estimated correlation between PD and FP
values was r = 0.91, p < 0.001. Regression results were
also used to rescale FP values to the levels of the PD values
because the FP values were on a different scale than the
PD values. The Bland Altman analysis revealed that the
agreement between the rescaled FP values and PD values
was not satisfactory.

Conclusions: Eluted FP may not be a valid method for
collecting salivary alpha amylase in adolescents with cancer.

Implications for Nursing: Psychological stress in adoles-
cents with cancer may be linked to negative outcomes,
such as greater symptom severity and post-traumatic stress
disorder. Nurses need valid, efficient, biobehavioral mea-
sures to assess psychological stress in the clinical setting.

easy-to-obtain biologic markers of stress may enhance
development of clinical research and lead to future use
in clinical settings by oncology nurses.
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Background

An individual’s response to psychological stress is
multifactorial, encompassing such dimensions as psy-
chosocial and physical responses, indicating a need for
a biologic and behavioral approach to the measurement
of stress. In the few studies conducted on stress in chil-
dren with cancer, cortisol has been used as a biologic
marker of psychological stress (Hockenberry-Eaton,
Kemp, & Dilorio, 1994; Walco, Conte, Labay, Engel,
& Zeltzer, 2005). However, steroids, specifically corti-
costeroids, can cause hypothalamic-pituitary-adrenal
axis suppression (Taketomo, Hodding, & Kraus, 2010)
and alter cortisol levels. Many of the childhood cancer
treatment protocols include high-dose corticosteroids.
Consequently, the use of cortisol as a measure of stress
can be problematic. A promising alternative to cortisol
is sAA, a noninvasive, surrogate biologic marker of
psychological stress not affected by corticosteroid use.

sAAis a digestive enzyme involved in the breakdown
of starch. Unlike salivary cortisol, which is produced in
endocrine glands and diffused into saliva, sAA is pro-
duced by the acinar cells of the salivary glands. The
three major salivary glands are the parotid, subman-
dibular, and sublingual glands, with the parotid gland
secreting the largest amount of amylase—about 80%
of the total SAA. Levels of sAA are very low in young
infants, who do not have to digest complex carbohy-
drates yet. Adult levels of sAA are reached by ages 5
or 6, when diet is similar to that of an adult (O’'Donnell
& Miller, 1980).

The research on sAA as a surrogate biomarker of
psychological stress is growing. The stress response
involves two primary systems: the hypothalamic-
pituitary-adrenal axis and the locus ceruleus/autonomic
nervous system (ANS), which includes the sympathetic
(SNS) and parasympathetic nervous system (PNS). In
a number of studies, investigators found that psycho-
logical stress was associated with increases in sAA
activity (Nater et al., 2005; Nierop et al., 2006; Wetherell
et al., 2006). However, initially, which system was re-
sponsible for activating sAA was unclear. Additional
investigation revealed that, during psychological stress,
the salivary glands are innervated by the ANS, with
SNS activation increasing secretion of sAA (Ehlert,
Erni, Hebisch, & Nater, 2006; Nater et al., 2006; Speirs,
Herring, Cooper, Hardy, & Hind, 1974; van Stegeren,
Rohleder, Everaerd, & Wolf, 2006). Activation of the
PNS increases salivary flow rate and, therefore, salivary
volume (Proctor & Carpenter, 2007).

As the use of SAA as a measure of psychological
stress in research has increased, the methods of col-
lecting sAA have come under scrutiny, indicating that
additional validation and comparison of collection
methods is needed. Several of the methods that have

been used to collect saliva to measure sAA include
passive drool (PD), Salivette®, and eluted filter paper
(FP). PD is considered the gold standard for obtaining
many components of saliva, including sAA (Munro,
Grap, Jablonski, & Boyle, 2006). To obtain PD, indi-
viduals are instructed to expectorate or drool into a
collection device (e.g., specimen cup, straw). Salivette
is a commercially available cotton roll used to collect
saliva that individuals roll or chew in their mouth for as
long as five minutes. Alternatively, some investigators
have used FP, which is a thin piece of tasteless paper
placed in the mouth (usually in the cheek pocket) until
saturated. Eluted FP is appealing because it requires a
minute amount of saliva (about 20 mcl) and is quick
and easy for individuals to use. Each of the three col-
lection methods has advantages and disadvantages
(see Table 1), particularly depending on the analyte
of interest. Although validation studies have been
conducted on the use of Salivette for sAA collection
(DeCaro, 2008; Granger et al., 2006), none have focused
on the validation of FP for sAA collection. The specific
aim of this study was to evaluate the validity of FP for
sAA collection by assessing agreement (replaceability)
between sAA levels collected by PD and FP in adoles-
cents with cancer.

Methods
Design and Sample

As part of a larger longitudinal descriptive study of
the symptom experience in adolescents with cancer
during a cycle of chemotherapy, the authors evaluated
the validity of FP compared to PD for collection of sAA.
Adolescents with cancer from the pediatric oncology
clinic at the Virginia Commonwealth University Medi-
cal Center participated. Inclusion criteria for the main
study were being aged 12-20 years, diagnosed with
cancer for at least one month, and receiving anywhere
from the second through sixth cycle of chemotherapy.
Exclusion criteria were diagnosis of a brain tumor
because of the uniqueness of the disease trajectory,
participant’s or minor’s parent’s inability to read and
write in English, or known cognitive disabilities.

Procedure

The institution’s review board approved the study.
Adolescents with cancer were recruited from the pediat-
ric oncology clinic. At the initial meeting, the researcher
obtained written assent from participants 17 years of
age and younger with consent from a parent, and con-
sent from participants 18 years of age and older. For the
main study, data were collected at four time points: day
1 of a cycle of chemotherapy, before the chemotherapy
was started (time 1); day 2 of chemotherapy, when
symptoms related to chemotherapy are expected to

E318

Vol. 39, No. 4, July 2012 * Oncology Nursing Forum



Downloaded on 05-15-2024. Single-user license only. Copyright 2024 by the Oncology Nursing Society. For permission to post online, reprint, adapt, or reuse, please email pubpermissions@ons.org. ONS reserves all rights.

Table 1. Advantages and Disadvantages of Salivary Alpha Amylase by Collection Method

Collection Method Advantages

Disadvantages

Filter paper
easy to transport and store

Passive drool

Easy to learn and use, minimally intrusive, and ~ May have issues with eluting similar to cotton, yet to be vali-

dated, and most expensive (eluting takes about 24 hours)

Unstimulated whole saliva, reflects saliva from  Technique requires practice, less desirable by participants, and

all glands, and least expensive because of least  unfiltered sample

amount of technician time (no eluting)

Salivette®

Easy to learn and use, and cotton acts as filter ~ Cannot avoid some stimulation of saliva, not all analytes elute

well from cotton, and more expensive (eluting takes about
one hour)

be intense (time 2); day 7-10, when bone marrow sup-
pression is typically most severe (time 3); and day 1
of the next cycle, again before the chemotherapy was
started (time 4). At each time point, participants first
completed questionnaires pertaining to their symptom
experience and then provided salivary samples by PD
and FP. Lastly, they completed brief interviews on their
symptom experience. For the sAA collection, partici-
pants were instructed to avoid caffeine on the morning
of sample collection and to refrain from drinking any
liquids 15 minutes prior to sample collection.

Salivary Alpha Amylase
Collection Methods and Assay

Filter paper: Whatman® grade 42 FP (2.4 cm x 9 cm)
was used for the collection of saliva. The FP was placed
in the participant’s cheek pocket until saturated to a
marked line, taking about 20 seconds total. At each
of the data collection time points, participants were
instructed to place the FP in the same location in the
mouth (cheek pocket), so to obtain the same proportion
of contribution of sAA from the different glands. The
FP was air dried and then single packaged in a plastic
bag to prevent cross contamination of specimens. FP
samples were stored at room temperature until assayed.

Passive drool: PD was collected in a sterile specimen
cup. Participants were asked to briefly (for 30 seconds)
refrain from swallowing and expectorate however much
saliva was in the mouth from a single expectoration into
the sterile cup. The PD samples were frozen until as-
sayed. No samples were stored longer than 15 months.

Assay: Because sAA is an enzyme, the assay is a
kinetic assay, which measures activity of the enzyme
rather than amount of enzyme present. This method
uses a substrate for alpha amylase which produces a
color change when acted on by alpha amylase. The
amount of alpha amylase activity present in the sample
is directly proportional to the increase in absorbance for
one minute at 405 nm. PD and FP at the same time point
were treated as separate samples, not as duplicates of
the same sample. Each of the samples was assayed

in duplicate, on the same assay plate, to decrease the
plate-to-plate variability, and the values of the two were
averaged to obtain a value for that sample. Values are
reported in units of enzyme activity per milliliter (U/ml).
Values for the duplicates were close, such that vari-
ability between duplicates in the raw data was very
low—rvalues differed by 0.03 U/ml or less. The assay
was done using a commercial kit from Salimetrics, LLC,
and the kit has a less than 8% coefficient of variation for
both intra- and inter-assay precision.

Data Analysis Approach

The aim was to evaluate validity by assessing agree-
ment between sAA values collected by PD and FP. First,
to determine the degree to which the values were corre-
lated, the authors computed a random effects regression
using the FP values to predict the PD values. Because this
was a longitudinal design, a random effects model was
used to account for the correlated data within subjects.
The regression results were also used to rescale the FP
sAA values to the levels of the PD sAA values. The resca-
ling was necessary because the FP was not going to yield
replaceable values for the PD. Next, to assess agreement,
a Bland Altman analysis (Bland & Altman, 2010) was
conducted to determine if the rescaled FP values could
be used in place of the actual PD values. The authors set
the limits of considering values to be replaceable if they
fell in the range of 25 to —25 from the true value (i.e., the
value of the PD) based on the range of sAA values and
what is clinically significant.

Results

Nine adolescents with cancer, aged 13-18 years, par-
ticipated in the study (see Table 2). A total of 33 sAA
sample pairs of PD and FP were collected. Missing data
(n = 3) were from attrition (n = 1) and missed clinic ap-
pointments (n = 2). The adolescents did not have any
problems sufficiently saturating the FP with saliva—all
of the FP samples were completely saturated to the pre-
marked level within 20 seconds. For the PD samples, all
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Table 2. Sample Characteristics

Characteristic X SD  Range

Age (years) 15.3 1.
Time since diagnosis (months) 2.6 1

Characteristic n

Gender
Male 5
Female 4

Race
African American 5
Caucasian
Asian

Cancer diagnosis
Bone tumor
Lymphoma
Leukemia
Soft tissue tumor

- W

N W w

N=9

of the adolescents reported that spitting into a cup was
not a bother. The FP sAA values ranged from 0.5-24.4
U/ml, and the PD values ranged from 10.5-325.4 U/ml,
which is within the normal adult range of 3.1-423.1 U/ml.

In the first step of validation, a regression analysis
was performed to obtain a measure of correlation
between PD and FP values. The estimated correlation
wasr =091, p <0.001. However, the PD and FP values
were clearly on a different scale. To assess agreement
between methods (i.e., conduct a Bland Altman analy-
sis), both values had to be on the same scale. Therefore,
the regression model was used to formulate an equa-
tion that rescaled FP values to the same scale as the PD
values.

A Bland Altman analysis was conducted using the
rescaled FP values. The results indicated that agreement
between the rescaled FP values and PD values was
not satisfactory—FP values were not replaceable for
PD values (see Figure 1). The rescaled FP sAA values
ranged as much as 100 U/ml above and below the PD
values, with 36% of the values outside of the acceptable
range of 25 to -25.

Discussion

In this study, the validity of FP as a method for col-
lecting sAA was evaluated by assessing agreement
between sAA values collected by FP and the gold
standard of PD. The sAA levels obtained in this study
were within the normal adult range and are consistent
with findings from studies with other young adults
(Gordis, Granger, Susman, & Trickett, 2008; Takai et al.,
2004; Wetherell et al., 2006). However, results suggest
that eluted FP may not be a valid method for collecting

sAA since rescaled FP values were not replaceable for
PD values.

Comparison of these findings to other research
findings is limited because very few validation stud-
ies of collection methods for sAA and FP have been
conducted. In one study, investigators compared
sAA levels in PD to levels recovered from a cotton
roll Salivette (DeCaro, 2008). Recovery of sAA from
the Salivette was significantly less than 100%, even
when the Salivette was completely saturated with
saliva. Recovery was even lower when the Salivette
was partially saturated. Overall, most experts agree
that PD remains the gold standard for collecting sAA
(Bosch, Veerman, de Geus, & Proctor, 2011; DeCaro,
2008; Rohleder & Nater, 2009).

Unlike sAA, more validation studies have been con-
ducted of collection methods for salivary cortisol, but
results have been mixed. Four validation studies were
identified: In the only FP study, FP was compared to
whole saliva (Neu, Goldstein, Gao, & Laudenslager,
2007). In three studies, other methods for collecting sali-
vary cortisol (rope, Salivette, sponge, and eye spears)
were compared to PD (Harmon, Hibel, Rumyantseva, &
Granger, 2007; Shirtcliff, Granger, Schwartz, & Curran,
2001; Strazdins et al., 2005). In the only validation study
found on FP (Neu et al., 2007), investigators compared
whole saliva to FP for salivary cortisol collection in
preterm infants, using the same type of FP as was used
in the current study, Whatman grade 42 FP. Neu et al.
(2007) obtained 92% recovery of salivary cortisol from
the FP, and an inadequate saturation of saliva occurred
in less than 2% of the samples. These results indicate
that FP may be useful for salivary cortisol collection
in populations in which saliva can be challenging to
obtain.

In one of the three studies on salivary cortisol and
PD, Shirtcliff et al. (2001) found that cortisol levels of
saliva that was filtered through a cotton swab (same
material used in a Salivette) did not differ significantly
from PD. In a second study using PD, Strazdins et al.
(2005) compared cortisol levels obtained by Salivette
and cellulose cotton-tipped applicators (eye spears) to
PD and found that eye spears yielded similar levels of
cortisol to PD but concentrations of cortisol by Salivette
were lower. In a third study using PD, Harmon et al.
(2007) compared cotton rope, Salivette, and hydrocellu-
lose microsponge to PD for collecting salivary cortisol.
They found that those methods provided comparable
cortisol levels when an adequate amount of saliva was
present and volume recovery was adequate. However,
cortisol levels by those methods were not comparable
to cortisol levels by PD when saliva amounts were
lower. Drawing from these cortisol validation studies,
eye spears (which have similar advantages to FP, such
as ease of use, require minute amounts of saliva, and
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ence on short-term outcomes, such as
symptom severity, and on long-term
A outcomes, such as PTSD, more re-

search on the biologic and behavioral
responses of stress is needed. As the
[ research on stress in adolescents with

cancer moves forward, the authors

suggest that SAA may be a more ap-

propriate biologic measure of psycho-
logical stress instead of cortisol when
corticosteroids are used. Methods of

collecting sAA are limited because
few have been adequately validated.
In comparing sAA collected by FP
to PD, the current study’s findings
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suggest FP may not be suitable for
collecting sAA in adolescents with
cancer. Agreement between the val-
ues was not acceptable and, in ad-
dition, sAA values obtained by PD
reflected the normal range of adult
values more closely than those ob-
tained by FP. The adolescents in this
study were easily able to produce the

Figure 1. Bland Altman Results of the Rescaled FP sAA Values Plotted

Against the PD sAA Values

obtain unstimulated saliva) may be worthwhile to in-
vestigate for sAA collection.

Limitations

The current study had several limitations. The sample
size was small, although it was large enough to show
the non-reproducibility of the PD values. The PD and
FP samples were collected separately but in immediate
succession. That approach may have contributed to
differences in values. However, because both methods
collect unstimulated drool, and were collected con-
secutively, the sAA levels were not expected to differ.
The samples were collected separately to evaluate
validity based on how the samples would actually be
used in the clinical setting and to determine whether
the adolescents would have any difficulty adequately
saturating the FP. The validity of FP was assessed in
adolescents with cancer only; therefore, findings are
limited to this population. Evaluating the validity in
other populations may yield different results.

Research Implications

Psychological stress in adolescents with cancer has
been understudied. Given that findings have indicated
that psychological stress may have a negative influ-

required amount of PD. Currently, PD
has the strongest evidence of validity
for measuring sAA in this population
and is a relatively inexpensive and
easy collection method. Therefore,
in research including sAA as a biologic marker of
psychological stress in adolescents with cancer, PD is
recommended over FP.

Clinical Implications

Many of the stressors identified by adolescents with
cancer, such as painful procedures, bothersome symp-
toms, and even active hair loss, occur during hospital
or clinic visits. Therefore, nurses in the clinical setting
are in key positions to assess adolescents and identify
those who may be at risk for or are experiencing psy-
chological stress related to these situations or to cancer
in general. In addition, nurses can implement strategies
to reduce stress or link these adolescents to the ap-
propriate resources. A number of strategies have been
shown to reduce some of the stressors related to cancer.
For example, in children and adolescents with cancer,
hypnosis has been effective for reducing stress related
to lumbar punctures (Liossi & Hatira, 2003); social sup-
port (e.g., hand holding) was reported to be helpful
during times of physical and mental stress (Woodgate,
2006); and yoga during hospitalization was found to
decrease anxiety (Thygeson, Hooke, Clapsaddle, Rob-
bins, & Moquist, 2010). However, a key initial step is to
develop valid multidimensional measures of stress, such
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as measures used to assess pain. Biologic measures used
in vulnerable populations, such as adolescents, should
be easy to use and as painless and noninvasive as pos-
sible (Moore, 2004). Future use of efficient measures of
biologic markers in the clinical setting has potential for
detecting psychological stress in adolescents with cancer.
sAA has the potential to be used as a biologic marker
of stress in the clinical setting, although additional
investigation of other collection methods suitable for
adolescents is needed.

Conclusion

This study on the examination of the validity of FP
demonstrated that the absolute values of FP were about
ten-fold lower than PD values and, therefore, not an ac-
curate representation of the PD enzyme activity for this
particular analyte. Neither additive nor multiplicative
manipulation could adjust for the inaccuracy of the FP
measure. Although FP is convenient and easy to use,
these findings suggest that the data are likely to be less
reliable than PD. On a positive note, these adolescents

reported that expectorating into a cup for the PD was
not a bother. When considering collection of salivary
biomarkers of psychological stress, findings from this
and other studies bring to light a critical point: method
does matter. Additional investigation of the validity of
sAA collection methods is warranted to advance the
research on psychological stress in adolescents with
cancer.
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