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SUMMARY

The endogenous, free-running circadian period (τ) determines the phase relationship that an 

organism assumes when entrained to the 24-h day. We found a shorter circadian period in African-

Americans compared to non-Hispanic European-Americans (24.07 vs 24.33 h). We speculate that 

a short circadian period, closer to 24 h, was advantageous to humans living around the equator, but 

when humans migrated north out of Africa, where the photoperiod changes with seasons, natural 

selection favored people with longer circadian periods. Recently, in evolutionary terms, 

immigrants came from Europe and Africa to America (“the new world”). The Europeans were 

descendents of people who had lived in Europe for thousands of years with changing photoperiods 

(and presumably longer periods), whereas Africans had ancestors who had always lived around the 

equator (with shorter periods). It may have been advantageous to have a longer circadian period 

while living in Europe early in the evolution of humans. In our modern world, however, it is better 

to have a shorter period, because it helps make our circadian rhythms earlier, which is adaptive in 

our early-bird dominated society. European-American women had a shorter circadian period than 

men (24.24 vs 24.41), but there was no sex difference in African-Americans (24.07 for both men 

and women). We speculate that selection pressures in Europe made men develop a slightly longer 

period than women to help them track dawn which could be useful for hunters, but less important 

for women as gatherers.
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INTRODUCITON

The free-running circadian period (τ) is an important determinant of the phase relationship 

that an organism displays when entrained to the 24-h day. Shorter τs result in earlier 

circadian rhythms, whereas longer τs result in later rhythms. This relationship is predicted 

by oscillator (entrainment) theory (Aschoff, 1965), and has been shown in unicellular 
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organisms, plants, insects and vertebrates (Aschoff and Pohl, 1978) including humans 

(Wright et al., 2005, Gronfier et al., 2007, Hasan et al., 2012, Eastman et al., 2015, Eastman 

et al., 2016).

We performed two studies comparing circadian rhythms in African-Americans to non-

Hispanic European-Americans (Eastman et al., 2015, Eastman et al., 2016). Here we 

combine the τ data from both studies to explore sex and ancestry differences.

METHODS

The studies were approved by the Rush University Medical Center Institutional Review 

Board, and we obtained written informed consent.

There were 36 subjects in first study and 45 in the second. Eighteen subjects participated in 

both, and their data are averaged here yielding 63 unique individuals (Table 1).

Subjects completed our Family/Ancestor Questionnaire and we accepted those who checked 

either Black/African-American or White for both biological parents, but not Hispanic or 

Latino. Buccal swabs were used to collect DNA samples, and were processed by 

AncestrybyDNA, DNA Diagnostics Center, Fairfield, OH. Results consisted of percents for 

each subject in 4 categories (European, Sub-Saharan African, East Asian, Indigenous 

Indian), and were used to confirm ancestry (largest % either European or African).

Subjects were not taking any prescription medications except for a few women on oral 

contraceptives. Exclusion criteria included body mass index>35 kg/m2 and night shift work 

in the preceding month.

During the 5 days of the protocol (Fig 1) subjects were in temporal isolation. They were 

required to remain in bed during the dark periods even if they could not sleep. While awake 

they ate, watched pre-recorded movies and TV or engaged in other sedentary activities in 

dim light, 21±11 lux. The ultradian LD cycle was either a 5-h day (3 h of wake alternating 

with 2 h in bed in the dark) or a 4-h day (2.5 h wake and 1.5 h in bed).

The DLMO, a measure of the phase of the circadian clock, was obtained during phase 

assessments. Saliva samples were collected every 30 min in very dim light (<5 lux) using 

Salivettes (Sarstedt, Newton, NC, USA). Saliva samples were centrifuged, frozen, and 

radioimmunoassayed for melatonin by SolidPhase, Inc. (Portland, Maine, USA). The 

sensitivity (limit of detection) of the assay was 0.9 pg/ml.

Data Analysis

Melatonin profiles were smoothed with a LOWESS curve (GraphPad Prism). The threshold 

for determining the DLMO was 25% of the distance from the fitted minimum value to the 

fitted maximum.

To calculate τ the difference between DLMOs on the baseline and final phase assessment 

was divided by 4 (because there were 4 days between these DLMOs) and then added to 24 
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(when the DLMO delayed), or subtracted from 24 (when the DLMO advanced). Results are 

presented as means ± SD unless otherwise indicated. Prism was used for data analysis.

For more detailed methods see Eastman et al (2015, 2016).

RESULTS

Figure 2 shows that the shapes of the distributions of τ were very different in the African-

Americans compared to the European-Americans. For the African-Americans the histogram 

was shifted left (τ was shorter, Table 1, t=5.181, df=61, p<.0001). The τs of the African-

Americans were closer to 24 h; the absolute difference from 24 h was .14 ± .10 h vs .34 ± .

21 h for the European-Americans (t=4.855, df=61, p<.0001). More African-Americans than 

European-Americans had τs<24.0 h (6/32=19% vs 1/31=3%, Chi-Square p=.05).

Figure 3 and Table 1 show that for European-Americans τ was shorter in women than men 

(t=2.187, df=29, p=.037, 2-tailed). In contrast, τ was identical in African-American women 

and men.

DISCUSSION

We found that τ was shorter in African-Americans than European-Americans, confirming 

previous results (Eastman et al., 2012).

In the current study we found that τ was shorter in European-American women compared to 

European-American men, but there was no sex difference in African-Americans. Duffy et al 

(2011) pooled data from several FD studies (N=157), and found that τ for women was 6 min 

shorter than for men. In the current study, we also found a shorter τ in women than men, but 

only in European-Americans, and it was slightly larger (10 min). The difference in τ 
between ancestry groups (European vs African), however, was even larger (16 min). Duffy et 

al did not specify the race/ancestry of their subjects, but if they had a greater proportion of 

African-American men than women, that could decrease the difference between the sexes. 

An FD study from the UK did not find a sex difference in τ (Lazar et al., 2012). They 

attributed this to their smaller sample (N=31), but it could also be from not considering 

ancestry. Wever (1984) found a sex difference in τ when subjects free-ran in the 

underground bunker with synchronized rhythms, but not during spontaneous internal 

synchronization when the underlying period was revealed by the temperature rhythm (c.f.

(Eastman, 1984).

The sex and ancestry differences in τ may seem trivial, but Duffy et al reasoned that the 6 

min difference in τ would produce a 28 min difference in phase position when entrained to 

the 24-h day based on their previous data on the melatonin rhythm phase angle difference vs 

τ (Wright et al., 2005). If we used the same constant (28/6), then the sex difference we 

found in τ would produce an entrained sex difference of 47 min, the ancestry difference in τ 
would produce an entrained difference of 75 min, and the difference in τ between European-

American and African-American men would produce an entrained difference of 93 min.
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Among European-Americans, why would males have a longer τ than females? We can only 

speculate. If a longer τ does help animals to track dawn when living at higher latitudes 

where the time of dawn changes across seasons (Pittendrigh and Daan, 1976), then perhaps 

it was more important for men as hunters than for women as gatherers.

Differences in τ among species are well known (Refinetti, 2016), differences in τ among 

inbred strains of the species mouse are often found (e.g., (Possidente and Stephan, 1988) and 

several studies provide data on τ sex differences in animals besides humans. One study 

found a shorter τ in female Sprague-Dawley rats (Schull et al., 1989), small or no sex 

differences were found in the hamster, Mesocricetus auratus (Zucker et al., 1980, Davis et 

al., 1983), and no sex difference was found in mice (Kuljis et al., 2013, Possidente and 

Stephan, 1988) or a bird species, Parus major (Helm and Visser, 2010). Aschoff (1979) 

reviewed work showing a shorter period in male chaffinches, but no sex difference in the 

house sparrow or pocket mouse. In the diurnal rodent Octodon degus, males had a shorter τ 
than females (Hummer et al., 2007, Labyak and Lee, 1995, Lee and Labyak, 1997). 

Presumably latitude and other selection pressures contribute to differences in τ.

Arguments have been made that having a τ slightly different from 24 h, but not greatly 

different, is adaptive (Daan and Beersma, 2002, Johnson et al., 2003, Hut and Beersma, 

2011). The shorter τ of African-Americans has the advantage that a smaller daily correction 

is needed to achieve entrainment. Although a longer τ may have been advantageous early in 

the evolution of humans living north with changing photoperiods, this may no longer be true 

in today’s modern urban world with electric lights providing a constant photoperiod. Long 

τs could lead to extreme eveningness, social jet lag, and the delayed sleep phase disorder.
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Figure 1. 
Protocol diagram for determining the free-running circadian period (τ). The ultradian LD 

cycle produces forced desynchrony (FD). Black shows times for sleep in the dark. Period 

was calculated from the change in the dim light melatonin onset (DLMO) from baseline to 

final phase assessment.
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Figure 2. 
Frequency histograms of the endogenous free-running circadian periods. τ was longer in 

European-Americans (p<.0001).
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Figure 3. 
For European-Americans the free-running period was shorter in women than men (p<.05), 

but African-American women and men had identical circadian periods.
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Table 1

Subject demographics and the free-running circadian period (τ). Mean ± SD.

N Age Circadian Period (h)

African-American 32 31.9 ± 6.9 24.07 ± .16**

 Men 16 32.1 ± 8.0  24.07 ± .19

 Women 16 31.6 ± 5.9  24.07 ± .13

European-American 31 28.5 ± 6.1 24.33 ± .23

 Men 15 28.9 ± 6.3  24.41 ± .20*

 Women 16 28.3 ± 6.1  24.24 ± .23

All 63 30.2 ± 6.7 24.20 ± .23

*
p <.05 vs women

**
p <.0001 vs European-Americans
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