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High repeatability of circadian prolactin rhythm
assessment results in children
1. Department of Pediatric Endocrinology, Chair of Endocrinology and Metabolic Diseases, Medical
University of Lodz, Poland.
2. Department of Endocrinology and Metabolic Diseases, Chair of Endocrinology and Metabolic
Diseases, Medical University of Lodz, Polish Mother’s Memorial Hospital – Research Institute, Lodz,
Poland.
3. Department of Endocrinology and Metabolic Diseases, Chair of Endocrinology and Metabolic
Diseases, Polish Mother’s Memorial Hospital – Research Institute, Lodz, Poland.
4. Department of Neuroendocrinology, Chair of Endocrinology, Medical University of Lodz, Poland.
Correspondence to:

Prof. Michal Karasek M.D., Ph.D.
Department of Neuroendocrinology
Chair of Endocrinology, Medical University of Lodz
92-216 Lodz, Czechoslowacka 8/10, Poland
tel./fax: +48 42 675 7613; e-mail: karasek@csk.umed.lodz.pl

Submitted: 2008-11-08
Key words:

Accepted: 2008-11-21

prolactin; circadian rhythm; repeatability; intrasubject variability

Neuroendocrinol Lett 2008; 29(6):889–894 PMID: 19125151

NEL290608A23 © 2008 Neuroendocrinology Letters • www.nel.edu

OBJECTIVES: In normal conditions, prolactin (Prl) secretion manifests a circadian
pattern. So far, there have only been but few studies, concerning intrasubject
variability and repeatability of the circadian Prl secretion pattern, based on pulse
analysis. It seems, that macroscopic analysis based on measurement of Prl concentration at nine time points every 3 hours during 24 hours is an appropriate
method to assess Prl profile for clinical purposes. The aim of the study was to
assess the repeatability of that circadian Prl secretion pattern in a group of short
children without hormonal disorders.
MATERIALS AND METHODS: The analysis comprised the results of two circadian
Prl profiles, performed from 2 to 14 months in 23 prepubertal children (16 boys)
with idiopathic short stature, aged: 10.3±2.4 yrs.
RESULTS : There were no statistical differences between Prl concentrations at
the same time points in the two consecutive profiles, but the comparison of Prl
concentrations at 8:00 gave results which were close to the border of statistical
significance (p=0.055), what indicated low repeatability of measurement results
at that particular time point. There were no statistical differences between the
values of particular parameters in macroscopic profile analysis in the first and in
the second test.
CONCLUSION: Circadian Prl profile, based on nine Prl concentration measurements, taken every 3 hours during one day, is characterized by high repeatability
of the results and low intrasubject variability in children, despite the results of Prl
concentration at 08:00 o’clock.
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INTRODUCTION
Prolactin (Prl) is not only a lactotrophic hormone; it has
over 300 separate biological activities and, besides its
roles in reproduction, it also plays multiple homeostatic
functions (Freeman et al. 2000). In normal condition,
both in adults and in children, Prl secretion manifests
a circadian pattern, with lower serum concentrations
during the day and with about twice as high at night,
when asleep (Sassin et al. 1972; Parker et al. 1973; Waldstreicher et al. 1996). Thus, it is important that, not only
should Prl concentration be within standard range at
fasting state, but circadian Prl rhythm should also be
maintained in that pattern. In our earlier work, we presented simple criteria for a macroscopic analysis of circadian Prl rhythm, based on nine Prl measurements,
taken every three hours during 24 hours period (Stawerska et al. 2007). A possible weak point of that study
could be associated with the fact that it perhaps provided only approximate evaluation of circadian Prl secretion. It is well known that Prl secretion is modified by a
number of external factors (light, stress, exercise, food
intake, hypoglycemia) (Freeman et al. 2000; Karasek et
al. 2006). Nevertheless, a question may be raised as to
what an extent Prl profile, evaluated on the basis of nine
serum Prl measurements, taken every three hours during one day, is reliable and repeatable and whether the
most informative circadian rhythm parameters, such
as the amplitude, the Xn/Xd ratio and the regression
index, are reliable and repeatable as well.
Thus, the aim of the present study was to assess the
repeatability of the pattern of circadian Prl secretion,
evaluated on the basis of nine serum Prl measurements,
taken every three hours during one day.

MATERIAL AND METHODS
The study was approved by the Local Committee for
Studies in Human Subjects. The experimental protocol
was explained to patient’s parents and an informed consent was obtained.
The analysis comprised the results of two circadian
Prl profiles (profile 1 and profile 2) which were performed in 23 children, hospitalized twice, due to short
stature (from 2 to 14 months) at our Department. Children with signs of infection during any of the examinations, with chronic diseases and those on Prl concentration affecting medicaments were excluded from the
analysis. The girls with Turner syndrome were excluded
from the study, too. Besides Prl circadian rhythm assessment, tests were performed, concerning the growth
hormone (GH) secretion in two stimulation tests, the
concentrations of insulin-like growth factor type I
(IGF-I), TSH and of free thyroxine (FT4), together with
evaluations of other pituitary hormones, if considered
necessary.
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The qualification criteria into the study allowed enrolment of children with idiopathic short stature (normal growth hormone secretion, normal IGF-I concentration). Thus, the analysed material comprised 23
prepubertal children (16 boys and 7 girls), aged (during
the first hospitalization) from 7.2 to 13.5 yrs, the mean
age ± SD: 10.3±2.4 yrs.
In 5 cases, Prl concentration at 8:00 was slightly elevated, but its further values were within the normal
range and hiperprolactinaemia was thus excluded.
Estimation of circadian Prl rhythm
All the subjects were admitted to hospital for Prl assessment, at least, 24 hours before the test. In each child, Prl
circadian secretion profile was determined on the basis
of Prl concentrations in serum, measured in samples
obtained every 3 hours during 24 hours. Blood samples
were collected at 08:00, 11:00, 14:00, 17:00, 20:00, 23:00,
02:00, 05:00 and 08:00 h. All the collected blood samples were left to clot for 45 minutes; serum was removed
after centrifugation and stored at –20°C until assay. Prl
concentrations were measured by the electrochemiluminescence method (ELICA, Roche, Elecsys®Systems
2010, its sensitivity being 0.47 ng/mL, within the range
up to 470 ng/mL, the inter assay CV was 1.8–3.4%). All
the measurements were performed at the Laboratory of
Immunochemical Research, Polish Mother’s Memorial
Hospital – Research Institute, Lodz, Poland
Based on the measured Prl concentrations during 24
hours, the following circadian rhythm parameters were
calculated (macroscopic analysis) (Cugini 1993):
−
−
−
−
−
−
−
−
−
−

the mesor (the overall mean level),
the median,
the area under curve (AUC),
the peak level (the maximal Prl concentration),
the trough level (the minimal Prl concentration),
the amplitude (the peak level and the mesor
ratio),
the mean nocturnal (Xn) concentration (the
mean Prl concentration from three night time
points: 23:00, 2:00 and 5:00 h),
the mean diurnal (Xd) concentration (the mean
Prl concentration from three day time points:
11:00, 14:00 and 17:00 h),
the Xn/Xd ratio,
the regression index (it is the directional index,
i.e., the index of the slope of the regression
straight line in relation to the axis of ordinates).

Moreover, for each Prl profile, the time point of maximal Prl concentration (acrophase) was established.
Statistical analysis
Prolactin concentrations in the particular time points
of both profiles were compared by the sign test for assessment of intrasubject variability and repeatability of
that profiles. Moreover, comparisons of particular mac-
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Table 1. The mean (± SD) concentrations of Prl at particular time points of circadian rhythm in the first and the second profile in the analysed
group of children.
Time
points

Profile 1
Prl (ng/mL); mean ±SD

Profile 2
Prl (ng/mL); mean ± SD

Sign test

Correlation index

Variability

8:00

11.9 ± 7.4

15.8 ± 12.3

p=0.055

r=0.64, p<0.05

36.3 %

11:00

8.2 ± 5.1

8.4 ± 4.5

p=0.82

r=0.62, p<0.05

25.4%

14:00

11.7 ± 6.2

10.6 ± 4.5

p=1.0

r=0.60, p<0.05

27.6%

17:00

8.7 ± 4.4

9.3 ± 5.1

p=1.0

r=0.67, p<0.05

22.9%

20:00

12.1 ± 7.4

10.9 ± 6.0

p=0.66

r=0.22, p>0.05

27.1%

23:00

12.0 ± 8.4

14.8 ± 8.1

p=0.19

r=-0.13, p>0.05

40.4%

2:00

24.9 ± 9.5

26.1 ± 11.8

p=0.66

r=0.72, p<0.05

20.6%

5:00

21.9 ± 10.6

23.6 ± 10.7

p=0.65

r=0.72, p<0.05

21.1%

8:00

14.6 ± 8.4

16.1 ± 8.6

p=0.38

r=0.56, p<0.05

35.6%

Table 2. Comparison of macroscopic analysis parameters in the first and the second Prl circadian profiles in the analysed group of children.
Parameters

Profile 1
(mean ± SD)

Profile 2
(mean ± SD)

Sign test

Correlation
index

mesor (ng/mL)

14.00 ± 4.83

14.94 ± 5.96

p=0.52

r=0.75; p<0.05

17.3%

median (ng/mL)

11.79 ± 5.57

11.85 ± 4.90

p=0.83

r=0.55; p<0.05

24.6%

p=0.83

r=0.74; p<0.05

18.7%

AUC (ng/mL/24 hours)

338.37 ± 115.13

340.12 ± 145.72

Variability

peak level (ng/mL)

28.24 ± 9.50

28.83 ± 9.50

p=1.0

r=0.77; p<0.05

15.1%

trough level (ng/mL)

6.29 ± 3.30

7.10 ± 4.15

p=0.66

r=0.79; p<0.05

21.2%

amplitude

1.98 ± 0.52

1.87 ± 0.47

p=0.19

r=0.70; p<0.05

18.9%

Xd (ng/mL)

9.53 ± 4.48

9.48 ± 4.17

p=1.0

r=0.68; p<0.05

22.6%

Xn (ng/mL)

19.61 ± 6.94

21.52 ± 8.88

p=1.0

r=0.74; p<0.05

15.4%

Xn/Xd ratio

2.43 ± 1.34

2.39 ± 0.91

p=0.38

r=0.58; p<0.05

18.6%

regression index

–0.59 ± 0.57

–0.63 ± 0.49

p=0.83

r=0.34; p>0.05

85%

roscopic parameters of Prl rhythm in both profiles were
also performed by the sign test. The level of statistical
significance, higher than 0.05 (p>0.05) for the sign test,
indicated the good repeatability of the data.
Then, Pearson’s correlation index was calculated
among Prl measurements in profile 1 and in profile 2
for each particular time point. In that evaluation the
level of statistical significance p below 0.05 (p<0.05) indicated the good repeatability of data.
The coefficient of variation was calculated for all repeated data.

RESULTS
The mean Prl concentrations at particular time points
of the profile 1 and profile 2 in analysed group of children are presented in Table 1. There were no statistical differences (p>0.05) between Prl concentrations at
the same time points of the two Prl profiles. However,
the least values of probability of statistical significance
were observed for Prl concentrations at 14:00, 17:00

and 11:00, higher values for 20:00, 2:00 and 5:00, while
the comparison of Prl concentration results at 8:00 were
close to the border of statistical significance (p=0.055).
Moreover, we observed the positive significant correlations between the results of Prl concentration in the
first and in the second profile at each time point, except
20:00 and 23:00. The least values of Prl concentration
variability (about 20%) was observed at night (at 2:00
and 5:00 time point) and during the day at 11:00 and
17:00 time point, while the subject variability both at
8:00 and 8:00’ as well as at 23:00 time points were higher than 30% (Figure 1). However, in 5 cases we noticed
differences in the status of children at 23:00: during one
of the two hospitalisations periods’, a child was asleep at
23:00, while during the second one, the same child was
awake at 23:00. After the elimination of those cases, we
observed significant correlation between Prl concentration at that time point in the first and the second profile
and low (20%) subject variability at that time point.
In turn, the results of macroscopic analysis parameters of the Prl profile 1 and Prl profile 2 in analysed
group of children were presented in Table 2. The sign
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Figure 1. Variability of Prl
concentration at each time point
between the first and the second
profile in the analysed group of
children.

test has shown that there were no statistical differences
between the values of particular parameters in the
first and in the second profile with the least values of
statistical significance probability for the mean nocturnal concentration, the mean diurnal concentration
and peak level. Among the parameters describing Prl
circadian rhythm, the Xn/Xd ratio and the amplitude
were characterised by the least variability.
Next, a comparison of acrophase values was performed in the first and the second profile for each child.
In 34.8% cases (8 children), acrophase took place in the
same time point. In 43.5% cases (10 children), acrophase
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took place three hours earlier or later, however, in all
those cases, it was observed during the night in both
profiles. Only in 21.7% cases (5 remaining children),
acrophase was shifted by more than one time point in
the second profile. Moreover, in 4, out of 5 those cases,
acrophase was observed at 8:00 (the most frequent time
point for Prl measurement). The data, concerning the
acrophase in the first and the second profile, are presented in Table 3. It is worth underlying that in most of
cases (except only 5, out of all the 46 profiles) acrophase
was observed at nocturnal hours or at 8:00 o’clock.
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DISCUSSION
Assessment of Prl secretion is usually performed on the
basis of serum Prl concentration in fasting state or after
the stimulation with metoclopramide. An interpretation
of these results should rather be careful, due to many
falsely elevated results (Di Sarno et al. 2003; Karasek &
Pawlikowski 2006). The most appropriate method for
evaluation of lactotroph function is the assessment of
circadian Prl secretion rhythm, especially pulse analysis. However, this method poses one set-back, namely,
it is mainly appropriate for the purpose of experimental studies, demanding measurements of Prl concentrations in blood samples, collected every 10–25 minutes
during 24 hours (Finkelstein et al. 1978; Shulman et al.
1989; Waterman et al. 1994) and the results must be
submitted to computer for spectral resolution (Fourier
analysis) (Cugini 1993; Lerchl & Partsch 1994, Merriam & Wachter 1982; Partsch et al. 1995; Van Cauter et
al. 1981). However, so far, there have only been but few
studies, concerning intrasubject variability and repeatability of the circadian Prl secretion pattern. Partsch et
al. (1995) found good repeatability in Prl profile studies,
while evaluating intra- and intersubject variability of
Prl secretion rates in a group of 10 young, healthy men.
The authors determined the profile of circadian Prl secretion on the basis of measurements, obtained every
20 minutes for 24 hours, followed by control studies in
the same subjects after 2 weeks and three months. They
demonstrated on the same basis that intrasubject variability of the parameters of pulsatile Prl release (mesor,
nadir, minimal and maximal concentration, amplitude)
was lower from the intersubject variability (i.e., variability among the patients).
The method of circadian rhythm analysis, which
we have performed in our study, is the non-inferential chronobiometry (macroscopic analysis), which requires a few blood collections only, performed during
a definite period of time. Thus, it is useful for clinical
purposes and it can be performed at any hospital without special equipment or software support. Recently, we
have presented simple, useful principles of Prl secretion
rhythm interpretation, based on nine Prl serum measurements every 3 hours during 24 hours (Stawerska et
al. 2007). But no studies have, so far, been performed,
regarding Prl profile repeatability, evaluated in this way;
therefore, our study seems to have been the first attempt
at finding an appropriate answer to this question.
In the current study, we have shown a very high compatibility of Prl concentrations in particular time points
in the same children, when Prl profile was repeated
after not very long time period. It should be underlined
that the children did not undergo any change of puberty stage, what could, otherwise, have affected the final
results. Some investigators indicate a relationship between Prl concentration at fasting state and sex and the
stage of puberty but the results have been controversial
(Beck & Wuttke 1980; Minuto et al. 1984; Ehara et al.

Table 3. The time point of peak Prl concentration (acrophase) in
particular individuals in the first and the second Prl profile.
Nb of patient

Profile 1
acrophase (time point)

Profile 2
acrophase (time point)

1

2:00

2:00

2

8:00

8:00

3

14:00

2:00

4

5:00

2:00

5

8:00

5:00

6

8:00

2:00

7

5:00

2:00

8

5:00

2:00

9

2:00

2:00

10

2:00

5:00

11

8:00

8:00

12

2:00

5:00

13

23:00

2:00

14

2:00

23:00

15

2:00

23:00

16

14:00

14:00

17

2:00

5:00

18

2:00

2:00

19

20:00

20:00

20

8:00

2:00

21

2:00

2:00

22

5:00

2:00

23

8:00

2:00

1975; Yamai et al. 1976; Genazzani et al. 1994; Apter et
al. 1978). It is interesting, that in 5 cases we observed
elevated Prl concentrations at 8:00; however hiperprolactinaemia was not diagnosed in those children. It indicates that Prl concentration at that time point should
not be treated as screening value. Moreover, the results
of Prl concentration at 8:00 o’clock in two consecutive
profiles were close to the border of statistic significance
in sign test and characterised the highest variability,
what indicated low repeatability of the Prl secretion at
that time point. In about 20% of cases, acrophase was
observed at that time point, although it should have occurred during night hours.
Another problem in the analysis of Prl circadian
rhythm is connected with the time of falling asleep
in children. When the child is not asleep at 23:00, the
Prl concentration at this time point should not be accounted into the mean nocturnal Prl concentration.
On the other hand, the Xn/Xd ratio and the amplitude
ratio seem to be the best tools for the analysis of Prl
circadian rhythm, irrespective of Prl measurement at
23:00 o’clock.
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Summing up, we confirm that circadian Prl profile,
based on nine Prl measurements, taken every 3 hours
during one day, is characterized by the high repeatability of the results and low intrasubject variability, despite
the results of Prl concentration at 08:00 o’clock.
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