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This famous sleep log tell us 
that infants reveal a free-
running sleep-wake rhythm 
before the entrainment, and 
also that the entrainment 
establishes by the 12th to 
14th week of life. 
Kleitman N, Engelman T. 
Sleep characteristics of 
infants. J Appl Physiol 
1953;6:269-282.
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In conclusion, the present study 
demonstrates that the entrained rhythm 
emerges around one corrected month, 
after either the ultradian or irregular sleep-
wake pattern, in the majority of infants. 
It was noted that only a small number of 
infants showed a free-running sleep 
wake-rhythm before the entrained rhythm 
emerged.

Shimada et al., 1999



Shimada et al., 
1999



Hypotheses
• The rate of infants who reveal a 

free-running sleep-wake rhythm 
before the entrainment has 
decreased, recently.

• Recently, the age of emergence of 
the entrained rhythm has become 
earlier.
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The rate of infants who reveal a free-running sleep-wake rhythm before the 
entrainment is hypothesized to decrease, recently.

Kleitman showed a famous plotted figure of free-running sleep-wake rhythm in one 
infant, together with the vague result of free-running `in most of 19 infants'.

The current analysis revealed that an infant reported by Parmelee in 1961 did not 
exhibit a typical free-running sleep-wake rhythm before the entrainment.

A single case report made by Segawa in 1984 showed a typical free-running sleep-
wake rhythm before the entrainment. 

A recent case report did not reveal a typical free-running rhythm before the 
entrainment. 

According to Shimada et al, only 7% infants showed a free-running sleep-wake 
rhythm before the entrainment .

If this assumption is true, taking reports by Kleitman et al. and Segawa into 
consideration, we had a very rare (7% x 7% = 0.49%) experience. 

Although not every infants showed a typical free-running sleep wake-rhythm before 
the entrained rhythm emerged, the current hypothesis could not be denied. 

More survey on the development of sleep log during early infancy is needed to 
confirm the hypothesis.



Recently, the time of emergence of the entrained rhythm is 
hypothesized to become earlier.

Several previous studies found that the diurnal sleep-wake rhythm 
emerged around 3-4 months of age.
Shimada et al. reported that the mean age of the entrainment was 
44.8 postconceptional weeks.
The current analysis revealed that that the time of emergence of the 
entrained rhythm has recently become earlier. 
Although the neuronal mechanisms producing the early emergence 
of entrainment remain to be solved, several observations to have 
presumable effects on the development of sleep-wake rhythm during 
early stage of life are shown in the other sheet (※).

Although the reasons have remained to be solved, 
the current hypothesis could not be denied.



※

• Studies have shown that the earlier mothers fell into 
nocturnal sleep during late pregnancy, the longer the babies 
slept during the night at one month of age. (Hayase, M., 
Shimada, M., Imui, T., Nitta, N. (2008). Correlation between 
diurnal rhythm in the late pregnancy to postpartum 
mothers and sleep-wake rhythm in infants. (in Japanese). J 
Child Health, 67,746-53).

• Constant light condition disrupts the synchronization of 
neurons in the SCN in both mature and developing mouse. 
（Ohta, H., Yamazaki, S. & McMahon, D.G. (2005) Constant 
light desynchronizes mammalian clock neurons. Nat. 
Neurosci., 8, 267-269. Ohta, H., Mitchell, A.C. & McMahon, 
D.G. (2006) Constant light disrupts the developing mouse 
biological clock. Pediatr. Res., 60, 304-308.）
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