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Abstract
Objective: When cortisol measurements are to be studied in large populations, cost-effective
analyses are needed. This study aimed at testing if one pooled cortisol value over three
consecutive days is as reliable as using the arithmetic mean of the samples from the same
measure points.
Methods: 30 participants aged 45 to 69 collected saliva in salivettes immediately after
awakening (t1), thirty minutes after awakening (t2) and in the evening (t3) during three
consecutive days. A fixed volume from each of the samples (t1, t2 and t3) was pooled prior to
laboratory analysis. Mean levels over three days for t1, t2 and t3 were compared to
corresponding levels of pooled vials. Cortisol levels were analysed using a radio
immunoassay.
Results: All measures tested had high correlations between mean values and pooled samples,
exemplified with diurnal deviation rdif t2-t3=0.974 (CI 0.946;0.987), and awakening response
rdif t2-t1 =0.982 (CI 0.963;0.991). There were no statistical differences between the pooled
values and the arithmetic means.
Conclusions: Pooling samples gave as reliable results as arithmetic means did. Pooling
samples prior to laboratory analysis provides a cost-effective method for measuring general
diurnal cortisol variation in field research projects.
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Introduction
Given the facetted role of cortisol, it has been suggested that dysregulation of this hormone is
associated with a number of pathophysiological conditions [1-3]. In particular, cortisol has
been suggested to play a vital role linking psychosocial stress to somatic response [4-7]. As
cortisol in saliva has been shown to reflect the levels in serum with good precision [8,9], the
assessment of cortisol could be easily performed in a non-invasive procedure using saliva
sampling. It is well accepted in both standardised laboratory approaches and ambulatory
saliva sampling that dynamic responses give more relevant information than static measures
[7]. Hence, at least two different time points of measuring are needed in order to estimate
cortisol dynamics.
Comparing consecutive days, the correlation between cortisol levels have been reported to be
around r=0.5, and the intra-individual coefficient of variance (CV) to be around 20 % [10-13].
Samples from more than one day are commonly used in order to reduce the potential state
variables that may occur in everyday life, and thus achieve a more reliable and valid
assessment. Calculations are then typically performed on mean values of two or three
consecutive days, for each of the different time point of measuring [14-16]. However, the
combination of a need for dynamic measures and the use of consecutive days in study designs
lead to a large set of samples. The high total number of samples required is a major challenge
in all study designs based on a large number of participants, as the analyses become very
expensive. Thus, a more cost-effective analysis would be highly appreciated.
Specific aim
This study aimed at testing if one pooled cortisol value over three consecutive days is as
reliable as using the arithmetic mean of the samples from the same measure points.
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Methods
Design.
Participants were recruited from the LSH-study (Life conditions, Stress and Health),
randomly drawn from a normal population. See Hollman and Kristenson for details [17]. Data
were collected from late 2003 to early 2004, and participants, aged 45-69 years, were evenly
distributed by sex and age. 30 individuals were randomly chosen within the first 1,000
participants in the LSH-study to this sub-study, without any stratification criteria.
Samples and laboratory settings.
The participants collected saliva samples during three consecutive days in salivettes (Sarstedt
AB, Sweden) immediately after awakening (t1), thirty minutes after awakening (t2) before
breakfast and just before going to bed in the evening (t3). The time points were chosen to
capture the peak in the morning and the restitution in the evening [11]. The salivettes were
kept in a refrigerator during and immediately after the sample days, and were thereafter
brought to the closest PHC centre, where they were centrifuged. 150 μl from each salivette or
as much as the salivette with least content contained if amounts less than 150 μl, were pooled;
one vial for awakening samples (pool- t1), one for samples taken thirty minutes after
awakening (pool- t2) and one for evening samples (pool- t3). If one salivette was empty, saliva
from the other two were pooled together.
Remaining saliva samples were transferred to separate vials, giving in total 12 vials per
participant. After centrifugation and pooling, vials were stored in –70o C in approximately six
months before analysis. Earlier studies have demonstrated that this storage time would not
have an impact on detectable cortisol levels [18]. All samples were thawed and analysed in
duplicates in the same run in a radioimmunoassay method (Diagnostic Products Corporation,

5

Los Angeles. CA). Intra-assay coefficient of variation was 9.4 % at 5 nmol/l and 9.8 % at 12
nmol/l.
Statistical analysis
Arithmetic mean levels for t1, t2 and t3 were compared to levels of pooled vials (pool- t1, poolt2 and pool- t3). Correlations and 95 % confidence intervals using the Fischer z to r
transformation were calculated for cortisol levels at different time points (t1, t2 and t3) at each
of the three days versus each other, for pooled values versus cortisol levels at t1, t2 and t3 each
day, and for pooled values versus arithmetic mean values of t1, t2 and t3. Partial correlations
were adjusted for the following: Sex, age, deviation from self reported normal awakening
time (n=5, 18 % reported one awakening time that differed more than one hour in comparison
to the other days of assessment), non-adherence to the protocol regarding taking sample 30
minutes after awakening (n=8, 9 % reported other than taking the sample 30 minutes after t1:
four samples after 20 mins, two after 33 mins, one after 40 mins and one after 82 mins,
respectively) and outliers (n=2; 2 % with t3 being higher than t1 and t2). Participants were
excluded in specific sub-analyses of partial correlations when information from
questionnaires was not sufficient. Those were limited to a few cases (n=0 to n=4).
Both absolute levels and measures of diurnal variation were studied. Pairwise t-tests were
used to investigate if there were any significant differences when pooled values were
compared to arithmetic means.

Results
Of the 30 randomly chosen individuals within the LSH-study (mean age 57.6 yrs, SD 7.1),
there were 12 men (mean age 58.4 yrs, SD 6.7) and 18 women (mean age 57.1 yrs, SD 7.5).
Eight participants (n=8, 27%) reported an education attainment of college level, thirteen
(n=13, 43%) reported attained ten to twelve years, and nine participants (n=9, 30%) reported
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an education attainment of nine completed years or less. The overall mean of all unpooled
samples were 10.6 nmol/l (n=263, SD 9.5), with an absolute range from 0.31 to 59.0 nmol/l .
Arithmetic means over three days for t1, t2 and t3 were 11.7 (n=86 SD 6.5), 17.5 (n=89 SD
10.1) and 2.3 nmol/l (n=88 SD 2.4), respectively, with an intra-individual CV of 29 %.
Corresponding mean levels of the pooled samples (t1-pool, t2–pool and t3 –pool) were 11.5
(n=30 SD 5.4), 17.2 (n=30 SD 8.1) and 2.2 (n=30 SD 1.3), respectively.
Partial correlations between single measurements at specific time points at different days of
sampling and corresponding results for single days versus pooled values are shown in Table 1.
The compliance for collecting all samples requested was n=26 (87%) for t1, n=29 (96%) for t2
(96 %) and n=28 (93%)for t3, respectively. The correlations were adjusted for sex, age,
deviation from self reported estimated normal awakening time, non-adherence to the protocol
regarding taking sample 30 minutes after awakening and outliers in night sample, t3 (two
outliers in the first night samples; concentration 14.0 nmol/l and 16.6 nmol/l, respectively). As
the effect of adjustment for sex and age was marginal, they are not presented.
The correlation coefficients using full model when correlating samples of one of the
consecutive days to another were in the range from r= 0.46 (p=0.033) to r= 0.77 (p<0.001).
The correlation coefficients using full model when correlating pooled values to any of the
consecutive days were generally higher, ranging from r= 0.74 (p<0.001) to r= 0.87 (p<0.001).
A descriptive plot over pooled samples and arithmetic mean values is shown in Figure 1.
Correlations and pairwise t-tests of mean values and pooled samples are presented in Table 2a
for absolute levels, and in Table 2b for measures of diurnal variation, i.e. differences and
ratios of t1, t2 and t3, and area under curve [19]. The correlation coefficients for measures of
diurnal variation were in the range from rratio (t1/t3)=0.803 (CI 0.623;0.902) to rdifference (t2t1)=0.982

(CI 0.963;0.991). The paired t-tests performed could not reveal any significant

difference when comparing arithmetic means to pooled values. The lowest p-value derived
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Table 1. Partial correlation coefficients, r, between cortisol levels in saliva at each of the
days versus each other, and for each day versus pooled values. 95 % CI in parenthesis, n= 26
to n=30. Stepwise adjustment for sex, age, deviation from self reported normal awakening
time, non-adherence to taking sample 30 minutes after awakening, and outliers defined by a
cortisol level at night, t3, that is higher than levels of both t2 and t1. Two participants show
this pattern day 1.
Model adjusting
for:

Awakening

day 1 vs day 2
day 1 vs day 3
day 2 vs day 3
pool vs day 1
pool vs day 2
pool vs day 3

30 mins

day 1 vs day 2
day 1 vs day 3
day 2 vs day 3
pool vs day 1
pool vs day 2
pool vs day 3

Evening

day 1 vs day 2
day 1 vs day 3
day 2 vs day 3
pool vs day 1
pool vs day 2
pool vs day 3

No other

Age + sex

+ non-adherence

variables

+ deviation from

to protocol,

(unadjusted corr.)

estimated normal

30 mins after

awakening time

awakening time

0,45

0,46

-

(0.08;0.71)

(0.08;0.73)

0,52

0,52

(0.18;0.76)

(0.17;0.76)

0,69

0,66

(0.42;0.85)

(0.38;0.84)

0,73

0,79

(0.50;0.88)

(0.59;0.91)

0,84

0,74

(0.69;0.93)

(0.51;0.88)

0,87

0,82

(0.75;0.95)

(0.65;0.92)

-

0,50

0,49

0,46

(0.17;0.74)

(0.14;0.74)

(0.09;0.73)

0,62

0,62

0,62

(0.34;0.81)

(0.33;0.82)

(0.31;0.81)

0,77

0,79

0,76

(0.57;0.89)

(0.59;0.90)

(0.55;0.89)

0,86

0,79

0,81

(0.73;0.94)

(0.59;0.90)

(0.63;0.92)

0,87

0,83

0,87

(0.74;0.94)

(0.66;0.92)

(0.74;0.95)

-0,01

0,04

-

(-0.38;0.36)

(-0.34;0.42)

0,77
(0.55;0.89)

0,30

0,13

(-0.08;0.61)

(-0.25;0.49)

0,66

0,77

(0.40;0.83)

(0.57;0.90)

0,73

0,87

(0.50;0.87)

(0.75;0.95)

0,66

-

0,79

-

0,74

-

0,82
(0.65;0.92)

0,61

0,60

-

(0.51;0.88)

(0.29;0.81)

(0.31;0.80)

0,52

(0.59;0.91)

0,69

0,04

-

(0.38;0.84)

(0.38;0.84)

(-0.34;0.42)

0,46

(0.17;0.76)

0,69

0,00

-

Full model

(0.08;0.73)

(0.43;0.85)

(-0.38;0.38)

+ outlier

-

-

0,61
(0.29;0.81)

-

0,46
(0.09;0.73)

-

0,62
(0.31;0.81)

-

0,76
(0.55;0.89)

-

0,81
(0.63;0.92)

-

0,87
(0.74;0.95)

0,60

0,60

(0.30;0.80)

(0.30;0.80)

0,64

0,64

(0.34;0.83)

(0.34;0.83)

-

0,77
(0.55;0.89)

-
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0,83

0,83

(0.67;0.93)

(0.67;0.93)

0,76

0,76

(0.55;0.89)

(0.556;0.887)

0,87

0,87

(0.73;0.94)

(0.73;0.94)

Figure 1. Plots over arithmetic means and pooled values of cortisol in nmol/l. A to C show each time point separated. D is showing
descriptive plot over all time points in one graph. Note that there is different scaling in different graphs due to high variation of levels.
A. awakening samples, t1

B. thirty minutes samples, t2
40

pooled value in nmol/l

pooled value in nmol/l

30
25
20
15
10
5
0

35
30
25
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15
10
5
0

0

5

10

15

20

25

30

0

5

10

arithmetic mean in nmol/l

20

25

30

35

40

35

40

arithmetic mean in nmol/l

D. all three time points, t1 +t2 +t3

C. night samples, t3
40

pooled value in nmol/l

6

pooled value in nmol/l

15

5
4
3
2
1
0

35
30
25
20
15
10
5
0

0

1

2

3

4

5

6

0

5

arithmetic mean in nmol/l

10

15

20

25

arithmetic mean in nmol/l

9

30

Table 2. Correlation coefficients, r, and pairwise t-tests for the arithmetic mean versus the
pooled value for each participant. 95 % CI in parenthesis, n=30. The three time points for
measuring t1,t2 and t3 are showed in A (nmol/l), different measures on diurnal variation
derived from these three are showed in B.
A. Time points

B. Measures of diurnal variation
Paired t-test

Paired t-test

Awakening samples t1

30 mins. samples t2

Evening samples t3

All samples t1+t2+t3

correlation
coefficient, r
(95 % CI)

mean arith
mean pool

difference
arith-pool
(95 % CI)

0.97

11.84

0.31

(0.93;0.99)

11.53

(-0.23;0.86)

0.98

17.54

0.33

(0.95;0.99)

17.21

(-0.32;0.98)

0.66

2.30

0.09

(0.39;0.83)

2.21

(-0.33;0.51)

0.98

10.56

0.24

(0.97;0.99)

10.32

(-0.06;0.55)

Difference (t1- t3)

Difference (t2- t3)

Difference (t2- t1 )

Ratio (t1/ t3)

Ratio (t2/ t3)

Ratio (t2/ t1 )

correlation
coefficient, r
(95 % CI)

mean arith
mean pool

difference
arith-pool
(95 % CI)

0.95

9.54

0.22

(0.90;0.98)

9.32

(-0.43;0.88)

0.97

15.23

0.23

(0.94;0.99)

15.00

(-0.50;0.97)

0.98

5.69

0.01

(0.96;1.00)

5.68

(-0.58;0.61)

0.80

6.70

-0.30

(0.62;0.91)

7.00

(-1.56;0.96)

0.81

10.38

-0.43

(0.64;0.91)

10.81

(-2.36;1.50)

0.97

1.70

-0.06

(0.94;0.99)

1.76

(-0.15;0.05)

Area under curve with
respect to ground

0.97

33.39

0.70

(0.95;0.99)

32.69

(-0.49;1.87)

Area under curve with
respect to increase

0.98

9.70

0.07

(0.95;0.99)

9.63

(-0.85;0.99)

from table 2 was found when comparing calculated mean for all samples to pooled values
(p=0.113, n=90). All other of the significance tests had a p-value of 0.25 or higher.

Discussion
The main results in Figure 1 and Table 2 demonstrate that pooling samples gave the same
results as calculated mean levels. The correlation coefficients were generally high when
comparing the two approaches, and there were no significant differences in the data set in the
pairwise t-tests.
Table 1 illustrates that pooled values were a better proxy for the diurnal variation of any of the
single days than using single day measurements as a proxy for the diurnal variation of any of
the other days. Pooling two days did not provide as good proxy for any of the three days as
pooling three days did (data not shown), but was still higher than using single day
measurements.
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Notably, this study was conducted in 10 PHC centres, and in several cases more than one
technician per PHC were involved; i.e. around 15 individuals were involved in the pooling
procedures. Thus, the feasibility is not restricted to studies where the analyses are conducted
by one or e few laboratory workers, but also works in field studies involving a lot of
personnel. Pooled values had a higher correlation to any of the days that constituted the
pooled sample than the correlations between any two of the days studied.
A major limitation when pooling samples is that the data cannot be used if the research
question is to explore causes of day-by-day variation, as e.g. Hellhammer et al [12] and Adam
et al [20] have suggested. Pooling samples prior to laboratory analysis is only applicable when
it comes to estimate a general HPA-capacity of response and restitution.
There was a general high compliance in this study. Apart from factors adjusted for in Table 1,
only three participants (10%) did comment on their non-compliance to the protocol. Two of
these reported that they had been eating shortly prior to one of the saliva sampling points. One
reported intake of sedative medication prior to one of the points. Possibly due to the high
compliance, there was only one adjustment that had a major impact on the partial correlations
shown in Table 1, namely adjusting for the two outliers in the evening values.
As the samples were not re-analysed, it was not possible to conclude that the high levels were
due to laboratory analysis, or if the salivettes were taken in the wrong order. In refined
designs, it is recommended that every sample taken before pooling should be kept in a freezer
until the pooled vials are analysed. This provides the opportunity to analyse the samples
constituting a pooled sample if finding a abnormal level, thus being able to rule out if the
value can be explained by a single sample, or if the abnormality are consistent throughout all
samples.
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Conclusions
Pooling procedure gave as reliable results as arithmetic means over all measurements tested.
Pooling samples prior to laboratory analysis provides a more cost-effective method when
assessing diurnal cortisol variation in field research projects. In designs where arithmetic
means are to be used to measure general diurnal variation of cortisol, it is suggested that
pooling is performed prior to laboratory analysis to reduce laboratory costs without losing
information on mean levels.
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